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Foreword 


This edition of the Minerals Yearbook discusses the performance of the 
worldwide minerals industry during 1983 and provides background informa- 
tion to assist in interpreting developments during the year being reviewed. 
Content of the individual volumes follows: 

Volume I, Metals and Minerals, contains chapters on virtually all metallic 
and nonmetallic mineral commodities important to the U.S. economy. In 
addition, it includes a statistical summary chapter, a chapter on mining and 
quarrying trends, and a chapter discussing the statistical surveying methods 
used by the Bureau of Mines. 

Volume II, Area Reports: Domestic, contains chapters on the mineral 
industry of each of the 50 States, the U.S. island possessions in the Pacific 
Ocean and the Caribbean Sea, and the Commonwealth of Puerto Rico. This 
volume also has a statistical summary. | 

Volume III, Area Reports: International, contains the latest available 
mineral data on more than 130 foreign countries and discusses the importance 
of minerals to the economies of these nations. À separate chapter reviews the 
international minerals industry in general and its relationship to the world 
economy. 

The Bureau of Mines continually strives to improve the value of its 
publications to users. Therefore, constructive comments and suggestions by 
readers of the Yearbook will be welcomed. 


Robert C. Horton, Director 
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Mining and Quarrying Trends 
in the Metal and Nonmetal 
Industries 


By Robert J. Willard! 


This chapter includes tables for 1982 that © 


were not available in time for publication of 
the 1982 Minerals Yearbook, but does not 
include corresponding tables for 1983. The 
value of raw nonfuel minerals produced in 
the United States during 1983 was esti- 
mated at $21.1 billion, an increase of $1.5 
billion over the value for 1982. This is a 


reversal of last year’s downturn in value 


from that of 1981, which was the only 
decrease noted since 1971; hence, an overall 
trend of increasing values has been’ main- 
tained for 12 years, except for 1982. Al- 
though the reversal is a basis for cautious 
economic optimism, it is tempered by con- 
tinued problems in the domestic mining 
industry: inadequate funds for capital in- 
vestment and competition with other coun- 
tries that have lower production costs. Out- 
put of metal commodities in 1983 increased 
for 8 out of 21 metals, and metal values, in 
general, increased for 9 of the metals. Out- 
put of nonmetal commodities was mixed, 
with 24 nonmetals showing increases, 20 
showing decreases, and 2 unchanged. Non- 
metal values were also mixed in 1982: 25 
showed increases, 20 declined, and 1 was 
unchanged. 

Improvements in the international met- 
als market have not been forthcoming be- 
cause of the continued depressed prices for 
major metals. Governments in foreign pro- 
ducing countries have been concerned with 
maintaining employment and continuing 
foreign exchange flows through mineral 
exports. Consequently, the excess of supply 
in the face of shrinking. demand brought 
downward pressure on metal prices in gen- 
eral, except for the precious metals. On the 


domestic front, this situation means U.S. 
mining companies must become even more 
cost efficient. The major trend in the min- 
ing industry in 1988 was to cut costs fur- 
ther, reduce or stabilize total production, 
reduce outlays for major capital equipment, 
modify existing systems and equipment, 
and streamline operations. Most of the ac- 
complishments reported herein reflect this 
trend. 

Legislation and Government Pro- 
grams.—On March 10, 1983, the President 
signed a proclamation establishing the Ex- 
clusive Economic Zone (EEZ), an area con- 
tiguous to the territorial sea of the United 
States, the Commonwealth of Puerto Rico, 
the Commonwealth of the Northern Mari- 
ana Islands, and the U.S. overseas territo- 
ries and possessions. The area covers about 
3.9 billion acres and brings into the national 
domain an enormous new frontier in which 
the types of mineral and energy resources 
are fairly well known but which are still 
largely unassessed in terms of abundance 
and recoverability. To the extent permitted 
by international law, the proclamation con- 
fers sovereign rights to explore, exploit, 
conserve, and manage natural resources 
(living and nonliving) of the seabed and 
subsoil. Attention is focused on oil, gas, and 
minerals within 200 nautical miles of all 
U.S. land areas covered by the proclama- 
tion. The EEZ has great potential impor- 
tance for the future, in terms of Outer 
Continental Shelf hard-minerals develop- 
ment. Development could counteract any 
future trend toward critical national or 
regional mineral shortages and provide an 
economically competitive alternate source 


1 


2 MINERALS YEARBOOK, 1983 


of supply for critical minerals. 

Two bills were considered that have a 
potential impact on the mining and miner- 
als industry. The first bill was adopted late 
in the year by the House Committee on 
Science and Technology as Title 2 of S. 373, 
the Critical Materials Act of 1983. Title 2 
would establish a National Critical Materi- 
als Council responsible for materials coor- 
dination and policy. The bill was jointly 
referred to the House Committee on Armed 
Services and Merchant Marine and Fish- 
eries for consideration and possible House 
floor action some time in 1984. However, 
Administration opposition is building on 
this bill because it establishes a council that 
would duplicate the existing Cabinet Coun- 
cil on Material Resources and Environment 
and because there are programs in the U.S. 
Department of the Interior that work to- 
gether to achieve the goals of this bill. The 
second bill, National Minerals and Materi- 
als Policy Coordination Act, would mandate 
that Interior strengthen public land miner- 
al assessments and analyses, as well as 
establish a Minerals and Materials Council. 
The bill is pending in the House Interior 
Subcommittee on Mining, Forest Manage- 
ment and the Bonneville Power Adminis- 
tration. 

During the first session of the 98th Con- 
gress, 47 individual wilderness bills were 
introduced. Of these, the Lee Metcalf Wil- 
derness Management Act of 1983, estab- 
lishing wilderness lands in the national 
forests of western Montana, was the only 
legislation passed and signed into law. Ac- 
tivity is expected to continue into 1984 on 
additional wilderness bills, and debate is 
certain to focus on a number of the bills 
that include areas of high mineral poten- 
tial. Congressional work in 1983 has given a 
high priority to wilderness legislation. 

Exploration.—Exploration remained at 
reduced levels through 1983, continuing the 
downturn reported in 1982. The two excep- 
tions involved land deposits of precious 
metals and seabed deposits of polymetallic 
sulfides (PMS). 

Exploration for gold is exemplified by the 
systematic sampling of tailings at the Sara- 
toga Mines’ century-old properties near 
Central City, CO. Since exploration also 
involves evaluations necessary to make de- 
cisions regarding the size, initial flowsheet, 
and annual output of potential mines, the 
old tailings piles have been considered as 
candidates for evaluation, particularly be- 
cause they total an estimated 580,000 short 


tons with assays ranging from 0.40 to 0.10 
ounce per ton, and because they are much 
less costly to exploit than in situ subsurface 
deposits. With respect to evaluation of old 
tailings in general, Geotechnical Engineer- 
ing and Mining Services of Lakewood, CO, 
developed a low-cost, portable tailings drill. 
The drill can penetrate depths over 125 feet 
at rates up to 75 feet per hour in loose-to- 
medium-dense sand or tailings, and can be 
carried about and operated by two people. 
The drill is turned by a hand-held hydraulic 
power unit, and because of its counter 
rotating principle, there is no kickback 
during operation. 

Increased exploration for PMS has been 
reported in the technical media, culminat- 
ing in a national workshop at the US 
Geological Survey’s headquarters in Reston, 
VA, in November. The workshop, entitled 
“A National Program for the Assessment 
and Development of the Mineral Resources 
of the United States Exclusive Economic 
Zone,” was cosponsored by three Interior 
agencies: the Bureau of Mines, the Minerals 
Management Service, and the Geological 
Survey. PMS deposits contain significant 
copper, zinc, and silver and continue to 
receive national attention because of the 
importance of these and other metals to the 


Federal policy on critical and strategic min- 


erals. Although PMS deposits received the 
most attention, other hard-mineral deposits 
on the seafloor also received attention be- 
cause of their importance to the Federal 
policy. They include cobalt-rich seamounts 
and seafloor crusts on the flanks of many 
U.S. island possessions and territories in 
the Pacific; titanium and rare-earth placers 
and phosphates and pavement-like deposits 
of manganese along the Atlantic margin; 
and placer deposits of titanium, platinum, 
and gold along the Alaska margin. 
Improvements continue to be made in 
field assay equipment. UNC MAP of Rich- 
mond, VA, developed a portable, in situ 


assay system for silver, tin, uranium, and 


other elements.? The instrument is comput- 
erized so that all assay data including assay 
value, metal of interest, duration of assay 
identification number, in-hole footage, etc., 
are automatically stored in the system’s 
memory. Assay data are obtained through 
use of interchangeable hand-held scanners 


or in-hole probes, and can be recalled or 


displayed, or the control box can be con- 
nected to a printer for making hard-copy 
printouts. The rugged construction and 
reliable assay capability under rough field 
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conditions have made the system popular in 
a wide variety of mining and exploration 
settings. 

Development.—With ever increasing em- 
phasis on cost effectiveness in mining, the 
development phase has grown propor- 
tionately more important. For example, in 
surface mine development, deeper overbur- 
den and changing ore deposit characteris- 
tics encourage use of dragline systems with 
larger buckets and longer booms, such as 
are being used along the gulf coast and in 
the United Kingdom. Such systems are just 
as applicable to metal and nonmetal depos- 
its as they are to coal deposits. For example, 
in the gulf coast lignite deposits, as strip- 
ping methods are applied to deeper deposits, 
draglines loom as the cheapest approach 
despite initially high capital costs. In the 
United Kingdom, the Ransomes and Rapier 
W2000 unit represents the new trend in 
dragline technology. It has a 313-foot boom 
that can bear loads up to 83.5 tons at an 
angle of 38*. The boom also has an operat- 
ing radius of 266 feet when the tip is 186 
feet above ground level. Dragline systems 
are also operating with increasing bucket 
capacity, some up to 65 cubic yards, to 
provide large tonnage volumes and high 
recovery rates in the pit. These kinds of 
capabilities are ideally suited for moving 
overburden greater distances at minimum 
cost, providing that the all-important 
ground stability is maintained around the 
dragline. 

Optimization of ripping techniques has 
been worked out by Caterpillar Tractor Co., 
and is presented in its publication, "Hand. 
book of Ripping.'* The company regards 
ripping as a close competitor of drilling and 
blasting in breaking up massive rock forma- 
tions, and in many cases, it has proven to be 
more cost effective. As a rule of thumb, the 
handbook recommends that when rippers 
can be used on a production basis they can 
loosen rock material for one-third to one- 
half the cost of drilling and blasting. In 
small mining operations, drilling and blast- 
ing averages 40 to 60 cents per bank cubic 
yard, and in large operations, 15 to 30 cents 
per bank cubic yard, so considerable savings 
can be realized by ripping, providing the 
ripping is carried out under carefully con- 
trolled conditions. 

Shaft development set a new record in 
1988 with completion of the deepest single- 
lift shaft in North America. The record- 
setting, 7,700-foot-deep shaft is located at 
the Hecla Mining Co.'s Lucky Friday Mine 


in Mullan, ID, and was scheduled to begin 
production by yearend. The entire project 
consists of a complete surface facility, the 
shaft, a complete ore pass and loading 
pocket system, and 2,000 feet of develop- 
ment and stope preparation. The project, 
completed in 4 years, will provide access to 
the silver-bearing ore below the 5,000-foot 
level. 

A new mine design system was developed 
for open pit operations at Duval Inc.'s 
Esperanza-Sierrita Mine.* The system now 
in operation, is termed the “Pushback Ex- 
traction Design" (PED), and represents a 
practical adaptation of an earlier concept, 
the Sierrita Incremental Design system. 
Under the PED system, the ore body is 
divided into a sequential series of minable 
areas or pushbacks that are extracted in a 
manner that maximizes net present value 
over the life of the deposit. Each pushback 
is an optimized design that ties in sequen- 
tially to previously designed pushbacks. 
PED has been computerized so that mining 
variables can be changed readily and new 
designs produced by merely rerunning the 
program; for example, the optimum strip- 
ping ratio can be determined by running 
the program at various ratios. 

Underground Mining.—Feeder-breakers 
are replacing jaw crushers at Dravo Lime 
Co.'s underground limestone mine near 
Maysville, KY. In operation for over 1 year, 
mine management has come to regard them 
as an improvement over other jaw crushers 
because they generate fewer fines, are more 
mobile, and have shown other advantages 
such as a consistent size reduction, a steady 
feed to downstream belt conveyors, and no 
need for operator attendance during oper- 
ation. The Dravo lime breaker consists of a 
series of carbide-tipped picks on a solid steel 
shaft that can fracture mine-run feed up to 
4 feet in diameter. The powerful force 
concentrated in the picks produces fewer 
fines than jaw crushers. This force is de- 
sired by management, since the fines can- 
not be made into lime of the size required 
for use in sulfur dioxide scrubbing systems. 
In terms of mobility, the feeder-breaker can 
be moved in a week at a fraction of the cost 
formerly needed to move a jaw crusher, 
which normally requires several months of 
excavation, fabrication, and erection work. 

A flexible, rotary drill was developed by 
the Bendix Corp. under joint sponsorship 
with the Bureau of Mines and the USS. 
Department of Energy.5 The drill was origi- 
nally developed for the production of holes 
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to install longer-than-seam-height roof 
bolts, but its versatility enabled its adapta- 
tion to other types of drilling. It has the 
characteristic that only the portion of the 
drill string that is subjected to torque be- 
comes straight and rigid; i.e., at the compact 
drive bead unit. The rest of the drill string 
that is not in the unit is not subjected to 
torque and remains flexible. Besides pro- 
ducing penetration rates similar to contem- 
porary rotary drilling equipment, the drill 
has enough strength and reliability to be 
considered practical. The drill head can be 
operated from any position; for example, 
horizontal holes have been drilled in sand- 
stone strata up to 33 feet deep. Other 
drilling applications are feasible, as ünder 
conditions where there is insufficient space 
for conventional drill feed masts or booms 
or in diamond bit drilling where a stable 
feed is required. | 

The Bureau of Mines-sponsored research 
with Flow Industries (FI) was completed on 
a high-pressure water-jet drill that can drill 
l-inch-diameter holes.* The objective of the 
work was to develop a drill system that 
would cut the time to drill roof bolt holes by 
one-half. FI found that the water-jet drill 
was up to 65% faster than conventional 
drills in the same strata, and that the new 
drill could reduce roof bolting costs by 30%. 

Fragmentation research conducted by the 
Bureau of Mines has focused on nonexplo- 


sive concepts that would enhance continu- . 


ous automated operations and reduce time 
and costs of fragmentation in underground 
mines.’ As an example, large-scale experi- 
mental drag cutters were tested success- 
fully on hard rock up to 20,000 pounds per 
square inch with 3- and 6-inch bits. As a 
result, larger scale, proof-of-concept tests 
were to be conducted with a cutter capable 
of cutting a 6-foot opening in which muck- 
ing and holddown requirements can also be 
evaluated. Drag cutters thus far have 
shown the potential to double excavation 
rates while reducing operational costs up to 
30%. 

Since shuttle cars play a predominant 
role in underground haulage in room and 
pillar mines, any increase in their load- 
carrying capacity could increase productivi- 
ty, providing that other parts of the total 
mine system are functioning properly. Ac- 
cordingly, the Bureau of Mines and Nation- 
al Mine Service Co. designed, built, and 
tested a maximum capacity shuttle car that 
can be used in coal and noncoal mines. The 
NMS MC 36 shuttle car, now available on 
the market, is the result of this effort. The 


car can haul 8.5 tons of material when 
equipped with optional 6-inch sideboards, a 
configuration with more load capacity than 
other shuttle car designs in the same 
height-width range. For example, two MC 
36 cars are hauling 11.5 tons of ore each 
trip in a New Mexico potash mine without 
exceeding peak capacity for their design. 
Added features that enhance their useful- 
ness include solid-state controls, twin trac- 
tion motors, and a floating operator. 

Surface Mining.—A change in quarrying 
methods at Granite Rock Co.’s Logan Quar- 
ry near Aromas, CA, has enabled the com- 
pany to realize a 30% savings in operating 
and maintenance costs. The main change 
involves use of an automated conveyor sys- 
tem to handle plant feed material from the 
face to the main plant area, in combination 
with two other procedural changes: elimina- 
tion of drilling and blasting and a complete 
revamp of primary processing. Two D10 
bulldozers rip the highly fractured granite 
and push it over the. bank to the quarry 
floor. The 450-foot-long conveyor is walked 
along the long, narrow quarry (600 feet wide 
by 6,000 feet long) with a track-mounted 
feeder-breaker picking up the material; this 
technique eliminates six rear-dump haul 
trucks and drivers. The material is then 
transferred from the conveyor to a section- 
ed plan conveyor that empties into a 450- 
ton-capacity holding bin for later dischar- 
ging into vibrating grizzly feeders. Despite 
increased maintenance costs on the feeder- 
breaker, owing to the highly abrasive gran- 
ite, the total system has proven to be less 
expensive to operate than the previous sys- 
tem using haul trucks to move the material 
to the primary plant. ` 

Another example of changing a mining 
method to cut costs involves use of conveyor 
belts at Tanner Co.’s Plant 66 in Tucson, 
AZ. A 3,000-foot overland conveyor was 
installed to transfer raw material (mostly 
minus 2-inch gravel) from the pits to the 
processing plant, thereby replacing 35- 
cubic-yard belly-dump haulage trucks. Con- 
siderable savings are anticipated from this 
change, since costs for fuel, tires, engine 
overhauls, and general truck maintenance 
will be practically eliminated. Because the 
gravel is almost at water level in a dried 
riverbed, it is removed in a wet condition by 
a wheel loader and loaded onto the convey- 
or, which helps it to dry before it reaches 
the surge pile on the pit rim. 

In still another example, Springfield 
Quarry Products near Springfield, OR, is 
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saving about 10% in extraction costs at its 
basalt quarry by -replacing its drilling- 
blasting operation with a D10 ripper bull- 
dozer. The bulldozer produces smaller rip- 
ped material than was possible by drilling- 
blasting, so crushing-screening costs are 
less. Although the basalt is a very dense and 
tough material, the ripper shank is able to 
get good penetration up to 4 feet, and the 
bulldozer provides good traction and power 
to pull the penetrated ripper. In actual 
operation, the bulldozer rips downhill for 
about 50 yards, then backs up and uses the 
blade to move the ripped stone into a pile 
from which it is loaded into haul trucks. 

An innovative surface mining system has 
been developed for installation at Texas 
Utilities Big Brown open pit lignite mine 
near Fairfield, TX. The system, applicable 
also to metal and nonmetal mining oper- 
ations, employs a specially designed cross- 
pit spreader that allows overburden, pre- 
viously removed by bucket wheel excava- 
tors, to be transported across the pit along 
the shortest possible route. Despite its nov- 
elty, the system is considered to be simple 
with an economical design that could revo- 
lutionize domestic surface mining. Plans 
call for it to be operational in late 1985. 

A new kind of offroad hauler, the A464 
Euc-Artic, was introduced by Euclid Inc., óf 
Cleveland, OH.* The hauler has oscillating 
and articulating features for use in pit 
operations plagued by unstable ground con- 
ditions, narrow hoppers, inadequate haul 
roads, and hostile weather. It represents an 
alternative to scrapers with rigid frames 
that lack chassis agility. At 35 tons, the 
hauler is 15 to 20 tons lighter than most 
scrapers, thus improving its cost efficiency. 
Front and rear oscillating frames move 
independent of one another to reduce severe 
stresses encountered in offroad applications 
and to provide better performance in rough 
terrain, since all wheels are in constant 
contact with the haul road. It is particularly 
adept at “duckwalking” through deep ruts 
and loose dirt in the worst offroad condi- 
tions, aided by limited-slip differential 
gears, four-wheel drive, and wide-based, 
high-flotation tires. 

The largest movable jaw crusher plant 
ever built for quarry operation will likely 
effect substantial cost savings compared to 
systems using large haul trucks. The plant, 
developed by Iowa Manufacturing Co., is 
contained on a single chassis that includes a 
Cedarapids 5460 overhead jaw crusher, a 62- 
inch by 24-foot vibrating grizzly feeder, a 


Cedarapids 60-inch by 38-foot conveyor, and 
a 35-cubic-yard hopper. Its total weight is 
400,000 pounds, and the overall dimensions 
are 66 feet in length, 29-1/2 feet in height, 
and 20 feet in width, carried on 32 rear and 
12 front wheels. The plant will be fed by 13- 
1/2-cubic-yard end loaders operating at dis- 
tances up to 400 feet in a quartzite quarry. 
Using this arrangement, the quarry opera- 
tor plans to relocate the plant every 3 to 6 
months, depending on production. 

In Situ Mining.—Precious metals contin- 
ued to be profitable for mining, and indus- 
trial interest in solution mining for two of 
these metals, gold and silver, remained high 
during the year, largely because of a modest 
rebound in silver prices that brought sever- 
al idle operations back into production. For 
example, Nerco Minerals Co. reopened its 
Candelaria Mine near Mineral, NV, where 
gold and silver were being heap leached 


from ore with a cyanide solution. There is 


general recognition that heavy equipment 
compacts the heap in heap-leach operations, 
and that leveling its top surface with a 
bulldozer reduces permeability. This condi- 
tion was improved by confining trucks to a 
relatively small dumping area on the heap, 
and by ripping the top surface between 
leaching cycles. Other improvements in the 
effectiveness of heap leaching have been 
made by stressing uniform distribution of 
leach solution applications to avoid ponding 
or dry spots, and by using wobbler-type 
sprinklers rather than the rotating impulse 
type, because wobblers are less likely to 
become clogged and can operate at lower 
pressures. Heap leaching has grown in pop- 
ularity since the early 1970's; since then, 
heaps of 5,000 to 2,000,000 tons and as low 
as 0.03 ounce of metal per ton have been 
successfully leached. Flexibility, low capital 
costs, and reasonable operating costs are 
inducements to undertake heap leaching, 
especially at today's high prices for precious 
metals. 

Pegasus Gold Ltd. was successfully oper- 
ating what may be the lowest grade but 
largest heap-leaching operation in the 
world. The operation is in the Little Rocky 
Mountains of north-central Montana at the 
Zortmann Mining Inc. and Landusky Min- 
ing Inc. minesites. À syenite host rock is 
stripped at a ratio of 0.9 to 1.0 to produce 
pits, the design of which are carefully 
planned to maximize use of waste rock for 
construction of leach pad foundations and 
dikes. The pits are then blasted to loosen 
the 0.03 troy ounce per ton of gold ore from 
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the host. The fragmented material is strip- 
ped according to an ore-waste control plan, 


and using trucked-in bentonitic shale and . 


polyvinyl chloride blanket, the heaps are 
constructed up to 100 feet high in 20- to 30- 
foot lifts. Estimates for 1983 production are 
73,000 ounces of gold and 160,000 ounces of 
silver from a mining program geared to 4 
‘million tons of ore, leading to a substantial 
profit. Such productivity, even with a cutoff 
grade of 0.01 ounce per ton will most likely 
buffer Pegasus against price declines, con- 
firming that heap-leaching is cost effective 
at very low grades with proper mine plan- 
ning and management. 

A new process was developed at Saratoga 
Mines Nos. 1 and 2 operations near Cen- 
tral City, CO, to extract bullion from the 
century-old ore dumps.? Sampling of the 
dumps indicated a range of 0.04 to 0.10 
ounce per ton, where a recovery of at least 
0.02 ounce per ton is considered profitable. 
The process involves sifting of calcine kiln 
dust at $15 per ton over the tailings and 
wetting with water spray as they are being 
conveyed from the crusher to stockpile. The 
kiln dust binds clay in the tailings to the 
crushed rock, forming pellets that permit 
the leaching solution to readily percolate 
through the leach pile. Use of the dust is 
considered to be cost effective for several 
reasons: it is more economical than pre- 
viously used commercial cement and lime, 
it is an effective acid neutralizer, it provides 
protective alkalinity and oxidation, and it 
helps reduce recovery costs by speeding up 
the agglomeration process, thereby permit- 
ting bullion recovery from lower grade de- 
posits. 

Three patents were issued during the 
year as the result of Bureau of Mines- 
sponsored research in branch well technolo- 
gy for in situ leach mining. The concepts 
contained in these patents apply to deep 
(greater than a 1,000 feet) in situ mining 
technology aimed at reducing total drill 
footage and increasing fluid coverage. The 
first patent covers multiple branch compe- 
tition with common drilling and casing 
templates, ^ the second covers multiple 
branch wells containing one producer and 
.one injector well," and the third covers the 
method and apparatus to complete horizon- 
tal drain holes.'? 

A computerized cost model was developed 
by the Bureau of Mines for uranium in situ 
leach mining. Data from a given minesite 
are factored into the model to estimate total 
capital and operational costs. The data in- 


clude deposit characteristics such as depth, 
thickness, and ore grade and estimates of 
annual production, production life, rates of 
return, debt financing, cost base per year, 
and project start year. Other data are esti- 
mated based on a mix of experience, knowl- 
edge of the site, and information from other 
sites if available. The model takes a process 
engineering approach and determines 
through a discounted cash flow analysis the 
total costs for the life of the project. Project 
life is measured from the start of the pilot- 
scale operation through the site's restora- 
tion and reclamation. In addition, the model 
determines the production cost per pound of 
material mined, subject to the rate of re- 
turn identified by the user. In addition, it 
will solve the rate of return realized for the 
specific sales price per pound. Although its 
current data base is limited to Texas and 
Wyoming, the only States with active in 
situ uranium mining, the model is usable 
for any in situ leach operation or any 
operation with the potential for in situ 
mining. 

A case history report on in situ copper 
mining operations was released during the 
year by the Bureau of Mines.'* The report 
brings together information about 10 com- 
mercial in situ operations and 14 experi- 
mental projects. These cases constitute 
most of the in situ copper mining activities 
that have taken place in the United States. 
Background information, geology, ore prep- 
aration, solution application, and recovery 
and processing are provided in each case. 
Production data and tables summarizing 
the engineering statistics for each case and 
an extensive in situ mining bibliography 
are included. In situ mining is predicted to 
become more attractive and play an in- 
creasingly important role in future copper 
production as conventional mining costs 
increase and ore grades decrease. 

Beneficiation.—For a number of years, 
improvements in beneficiation technology 
have been the result of evolutionary exten- 
sions of present practice. This trend con- 
tinues as increased use is made of larger 
grinding mills and flotation machines. 
Larger equipment reduces the number of 
units required, lowers maintenance costs, 
reduces floor space requirements, simplifies 
computerized process control systems, and 
can reduce energy costs providing mill 
throughput is adequate. However, the sizing 
of very large ball mills using scale-up func- 
tions is more complex than for smaller 
units. This complexity results from the fact 


MINING AND QUARRYING TRENDS 7 


that the residence time in a very large mill 
depends on several factors that can be 
neglected for smaller mills. Although the 
design criteria and scale-up factors for very 
large mills have been established, they have 
yet to be put on a quantitative basis. In 
1979, for example, the largest available 
capacity for any flotation machine was 
1,350 cubic feet. In 19838, both a 1,500- and a 
2,000-cubic-foot-capacity cell were produced, 
and commercially available flotation cir- 
cuits, in general, continue to be remodeled 
into larger machines. This trend means 
fewer machines will be required to meet 
production goals. 

Another recent development is that of 
computerized process control for grinding 
and flotation circuits, including primary 
sensors, computer models of grinding mills 
and flotation cells, and feedback control 
protocol. The Comminution Generic Center 
at the University of Utah’s Mineral Re- 
search Institute, for example, is conducting 
research in particulate characterization by 
automated image analysis for the measure- 
ment and prediction of mineral liberation. 
The research covers such areas as on-line 
measurement of particle size, modeling of a 
hydrocyclone, computer simulation of com- 
plex comminution circuits, and adaptive 
control strategies for rod and ball mills. 
Basic research is reflecting still another 
development in automation. Investigators 
are addressing problems on the synergistic 
effects of multiple minerals and on the 
effects of one unit operation on another. For 
example, the effects of metal ions dissolved 
into solution during grinding on both grind- 
ing media wear and subsequent flotation 
response are current topics of investigation. 
These investigations could be the forerun- 
ners of future commercial applications. 

One of the most significant developments 
in froth flotation technology took place in 
1983 with the introduction of nitrogen in- 
stead of air for bubble formation. Since 
nitrogen reduces the consumption of certain 
reagents, its main advantages under differ- 
ent flotation conditions are yet to be fully 
appreciated. Gibraltar Mines Ltd. in British 
Columbia, Canada, is one of the most recent 
mills to substitute nitrogen for air bubbles 
in the flotation of byproduct molybdenite.'5 
At Gibraltar, a bulk copper-molybdenum 
concentrate is produced and followed by a 
differential flotation of the molybdenum 
from the copper. By substituting nitrogen 
externally for air, it was possible to reduce 
the sodium hydrosulfide requirement from 


18 pounds per ton to about 4 pounds per ton. 

Wemco's inert-gas flotation machine is a 
series of sealed flotation cells that do not 
need an external nitrogen supply. Ambient 
air is first trapped in the cells, and then the 
oxygen in this air is removed by oxygen- 
consuming reagents. What remains is al- 
most entirely nitrogen, which continues to 
be used to aerate the pump, producing a 
nitrogen bubble froth. The nitrogen is re- 
covered from the froth product by a de- 
gassing machine and recirculated through 
the pulp in a closed loop. The cells are kept 
under slight pressure, and the small nitro- 
gen loss that generally occurs is replaced by 
the small amount of dissolved air that 
enters the cells with the pulp. 

In another development that may influ- 
ence future flotation trends, research is 
being conducted on direct measurement of 
surface chemical species. Techniques such 
as Fourier transform infrared spectroscopy, 
x-ray photoelectron spectroscopy, scanning 
Auger, and electron microscopies are mak- 
ing possible characterization of the mineral 
surface under a wide range of conditions 
encountered during grinding and flotation. 
Coupled with electrochemical research, the 
resulting data are yielding information on 
many of the synergistic effects of minerals 
during flotation induced by dissolved ions. 

Recovery of mineral values from specific 
ores is often best accomplished by using a 
unique combination of different collectors. 
Realizing this, some flotation reagent man- 
ufacturers are now making customized col- 
lectors to be used with specific ore deposits. 
In addition, to reduce the quantity of lime 
required for pH adjustment, chemical man- 
ufacturers are attempting to develop sulfide 
collectors that work in neutral circuits, 
instead of in the high-pH range. 

A Buréau of Mines study was released in 
1983 on technological innovation in the 
copper industry.'* The study forecasts that 
autogenous and semiautogenous grinding 
were likely to become more widely accepted 
because these grinding methods eliminate 
secondary and tertiary crushing, thus al- 
lowing more economical use of electric pow- 
er. 
Health and Safety.—Preliminary injury 
statistics compiled by the Mine Safety and 
Health Administration revealed the 1983 
nonfatal injury rate to be 5.10 per 200,000 
employee hours in metal and nonmetal 
mines, an increase over the 4.46 rate in 
1982. The fatal injury rate was 0.05, up from 
0.03 in 1982. 
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Bureau of Mines research has demon- 
strated the importance of medium frequen- 
cy (MF) communication in mine rescue 
operations. MF utilizes existing mine con- 
ductors to provide a radio network between 
trapped miners and rescue teams. Small 
MF transceivers carried by miners emit 
signals up to hundreds of feet, and if the 
signal intersects mine wiring, the signal can 
be carried thousands of feet. Rescue teams, 
guided by sensitive receivers that pick up 
the signals, can proceed more rapidly and 
assuredly, thereby enhancing the chances 
for a successful rescue. As compared with 
other rescue systems, it has the advantage 
of being fully integrational with an opera- 
tional MF communication system routinely 
used by underground mines, and therefore 


can always be in a state of readiness for 


emergencies. 

In the area of mine ventilation, Engineers 
International Inc., under contract to the 
Bureau of Mines, found that when main 
mine fans are electrically reversed the air- 
flow is reduced to 40% to 60% of the for- 
ward flow, and the pressure is reduced to 
35% to 45% of the forward pressure. These 
findings are helpful because the reduced 
flow and pressure can aid in planning 
strategy to contain a mine fire, and can be 
adjusted to avoid ice buildup in shafts 
during cold weather. 

An early warning system was developed 
by the Bureau of Mines to remotely monitor 
displacement of roof or ribs in underground 
mine entries." The system detects critical 
ground movements that normally occur be- 
fore sudden failure. It consists of a helium- 
neon laser mounted in a relatively stable 
area of the mine to focus on a string of 
small aperture targets installed along the 
mine roof or rib surface in the area to be 
monitored. A photodetector unit is mounted 
at the opposite end of the line of targets 
from the laser source. Any displacement of 
roof or rib rock results in misalignment of 
the target apertures and interruption of the 
light beam. When a loss of light occurs, the 
detector activates an alarm. Displacement 
can be determined from the distance and 
direction of target movement needed to 
realign the apertures with a reference 
beam. A microprocessor operates the sys- 
tem for periods up to one-half year without 
servicing, and the laser can be programed to 
operate continuously or intermittently. 


The system memory preserves records of 
significant changes in alignment of target 
apertures. 

A new dual filament tungsten-halogen 
bulb was developed by GTE-Sylvania under 
a cooperative agreement with the Bureau of 
Mines.'5 The bulb emits 30% to 40% more 
light than lamps in present use, at the same 
life and power level, and is retrofittable into 
existing cap lamp headpieces. Design and 
evaluation work is being done on other 
parts of personal lighting systems for min- 
ers, as part of a Bureau effort to reduce 
injuries and accidents in the working envi- 
ronment through use of improved illumina- 
tion systems. They include etching of the 
glass lamp wall to improve beam uniformi- 
ty, testing the service life of a newly devel- 
oped nickel-cadmium cap lamp battery, and 
redesigning the cap lamp for lamp reloca- 
tion and fiber optics for light transmission. 


1Staff engineer, Twin Cities Research Center. 

2Mining Journal (London). Portable Systems for Mining 
and Exploration. V. 302, No. 7750, Mar. 2, 1984, p. 143. 

3Mining Engineering (New York). Tools, Techniques and 
Applications. V. 35, No. 1, Jan. 1983, pp. 13-16. 

‘Illes, C. D., and G. A. Perry. Sierrita Incremental Pit 
Design Systems. Min. Eng. (New York), v. 35, No. 2, Feb. 
1983, pp. 152-155. 

5Varnes, H. M. Flexible Rotary Drill Applications and 
Experience. Min. Eng. (New York), v. 35, No. 12, Dec. 1983, 
pp. 1641-1646. 

$Johnson, B. U.S. Bureau of Mines Research Leads to a 
More Productive Minerals Industry. Min. Eng. (New 
York), v. 35, No. 11, Nov. 1983, p. 1518. 

"Page 1516 of work cited in footnote 6. 

5Tiller, R. Articulated Hauler Introduced at Minin 
conference: Pit and Quarry, v. 76, No. 3, Sept. 1983, pp. 6 


9Todd, J. C. Saratoga Mines Uses New Process To 
Extract Bullion From Old Ore Dumps. Eng. and Min. J., 
v. 184, No. 10, Oct. 1988, pp. 19, 25. 

10Wood, E. T., D. W. Dareing, R. Snyder, and W. C. 
Larson. Multiple Branch Completion With Common Drill- 


ing and Casing Template. U.S. Pat. 4,396,075, Aug. 2, 1983. 


1Wood, E. T., D. W. Dareing, W. C. Larson, and R. 


Snyder. Multiple Branch Well Containing One Producer 


and One Injector Well. U.S. Pat. 4,396,230, Aug. 2, 1983. 


12Wood, E. T., R. Snyder, W. C. Larson, and D. W. 
Dareing. Method and Apparatus To Complete Horizontal 
Drain Holes. U.S. Pat. 4,402,551, Sept. 6, 1983. 

13Bureau of Mines. Cost Analysis Computer Model for 
Uranium In Situ Leach Mining. BuMines Technol. News, 
No. 159, Nov. 1982. 

*Ahlness, J. K., and M. G. Pojar. In Situ Copper 
Leaching in the United States: Case Histories of Oper- 
ations. BuMines IC 8961, 1983, 37 pp. 

I5Redfearn, M. A. The Role of Nitrogen in the Flotation 
of By-Product Molybdenite at Gibraltar Mines. Pres. at 
Soc. Min. Eng. Annual Meeting, Atlanta, GA, March 6-10, 
1983. Soc. Min. Eng. AIME preprint 83-64, 8 pp. 

16Mineral Systems Inc. Technological Innovation in the 
Copper Industry. Ongoing BuMines contract J0100063; for 
information, contact Division of Minerals Policy and 
Analysis, BuMines, Washington, DC 

17Bureau of Mines. A Summary of Si 
Mineral Technology and Economics. 
1983, p. 55. 

18Bureau of Mines, Pittsburgh Research Center. Fiscal 
year 1983 Annual Report. Pp. 15-40. 
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Table 1.—Material handled at surface and underground mines in the 


United States, by type 
(Million short tons) 
Surface Underground All mines! 
Type and year Crude i Crude i Crude 
oè Waste Total öre Waste Total orë Waste Total 
Metals 
UC 554 995 1,550 74 21 95 628 1,020 1,640 
1970 o e 580 1,350 1,930 93 10 103 673 1,360 2,030 
1980. 520 1,180 1,700 17 11 88 597 1,190 1,790 
198] on 592 1,050 1,650 82 15 97 614 1,070 1,740 
1982... 3 371 677 1,050 60 12 72 431 689 1,120 
Nonmetals: 
1978 e d 2,320 511 2,890 87 1 88 2,410 512 2,980 
OT em ve 2,360 590 2,950 81 (2) 81 2,440 590 3,040 
Ee 2,060 620 2,680 78 (?) 78 2,140 620 2,160 
19818 ~ 1,150 584 1,740 68 6 74 1,220 590 1,820 
19824 ____ _ 837 366 1,200 61 2 63 899 368 1,270 
Total metals and 
nonmetals:! 
10 T8 asa 2,870 1,570 4,440 161 22 183 3,030 1,590 4,620 
1919. 55 sse 2,940 1,940 4,880 174 10 185 3,120 1,950 5,070 
1980 one 2,080 1,800 4,380 155 11: 167 2,130 1,810 4,540 
1981 mz 1,750 1,640 3,390 151 20 171 1,900 1,660 3,560 
1982.55 eoru 1,210 1,040 2,250 121 14 135 1,330 1,060 2,390 
!Data may not add to totals shown because of independent rounding. 
2Less than 1/2 unit. | 
“Includes industrial sand and gravel. Construction sand and gravel was not available for 1981 because of biennial 
canvassing. 


4Crushed and broken and dimension stone were not available for 1982 because of biennial canvassing. 
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Table 5.—Crude ore and total material handled at surface and underground mines 
in the United States in 1982, by commodity 


(Percent) 
Crude ore 
Commodity Under- 
Surface ground 
METALS 

Antimony cocto ar a MM iui LE rt Ka 100.0 
Bauxie ici ee E 100.0 Sa 

Beryllium AAA RS 100.0 T 
em Elle cct c i I i 87.6 12.4 

Gold: 

LodG- toed hg ape ne at eru i eU ERI ELE 92.0 8.0 
Placor=s EE EE 100.0 ae 
IFOHOPB A a nk Se A 98.9 1.1 
| OF. EE case 100.0 
Manganiferous ore _______________________-_--- 100.0 PE 
Mercury 2 EE 100.0 BEN 
Molybdenum- - - - - 2. a o a jas 1100.0 W 
Nickel: e tiere Aoi a seu irae DIE 100.0 M 

Rare-earth metal ` 100.0 » 
1 S eun oe AA a nac 36.0 64.0 
Titanium (ilmenite). __-____________________--_-- 100.0 "m 
Tungsten — — 2-4 heec es noci n W 2100.0 
Urano nux es c nee 68.8 31.2 
Vanadium -anaa eyes ie LE Roe LLL e 100.0 T 
ZH —— erc li a n dtu. Ae a ass 100.0 
AVeFBEe 3 A N 86.1 13.9 

NONMETALS 

Abrasives io a d 1100.0 W 
Apie e CERE 100.0 es 
Asbestos Lu o eg ees ct E Let iA ELLE 100.0 ao 
Barte EE 100.0 Se 
NR, E TEE 100.0 e 
A e cate D a 99.5 A 
Thea tre TEE 100.0 eins 
Feldapar <a id e a a aia eos 100.0 = 
PIUMOPS EE W 2100.0 
GyDSUm MA e A 79.0 21.0 
Iron oxide pigments (crude) _ - - - - - - - - --------—---—-——— 100.0 E 
RADIO EE 100.0 ds 
REDER mL eL uu Lcd er 100.0 HE 
Mica (scrap) « Luton Le Se icem Lud 100.0 E 
Millstoņnės 1 onu amt Le esc ALES 100.0 E 
Olivine << sat eee a eir LEE ci d EE 100.0 e 
Perlite _____ dee Ee ee 100.0 ae 
Phosphate rock 22202222 ss eee 1100.0 W 
Potassium salts _____________ ~~ ~___________-- oo Kee 100.0 
AA IN s 100.0 E 
Dd eats pra ios e arts ROI 12.4 87.6 
Sand and gravel.. - - - -- ---------------------———- 100.0 Se 
Sodium carbonate (natural _ --—------------------—-- ae 100.0 
Talc, soapstone, pyrophyllite - - - - - ---------------—- 91.0 WE 
Vermicülite atv a - 100.0 i 
AVOTBBO 2022 ed 93.2 6.8 
Average, metals and nonmetals_ ____________._..- 90.9 9.1 


Total material 
Under- 
Surface ground 
= 100.0 
100.0 e 
100.0 B 
95.2 4.8 
96.9 3.1 
100.0 ET 
97.8 2.2 
E 100.0 
100.0 BER 
100.0 S 
1100.0 W 
100.0 PEN 
100.0 a 
82.8 17.2 
100.0 "- 
W 2100.0 
95.2 4.8 
100.0 et 
"e 100.0 
93.6 6.4 
1100.0 W 
100.0 EN 
100.0 P 
100.0 os 
100.0 Se 
99.7 A 
100.0 REN 
100.0 E 
W 2100.0 
85.5 14.5 
100.0 e 
100.0 ZER 
100.0 AN 
100.0 2 
100.0 XN 
100.0 em 
100.0 ao 
1100.0 
SN 100.0 
100.0 Reg 
12.1 87.9 
100.0 aoe 
EN 100.0 
96.5 3.5 
100.0 SEN 
95.0 5.0 
94.4 5.6 


W Withheld to avoid disclosing company proprietary data; included with "Surface" or "Underground." 


1Includes underground; the Bureau of Mines is not at liberty to publish separately. 


2Includes surface; the Bureau of Mines is not at liberty to publish separately. 
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Table 6.—Crude ore and total material handled at surface and underground mines 
in the United States in 1982, by State 


(Percent) 
Crude ore Total material 
State Under- Under- 
Surface ground Surface ground 

Alabama EEN 100.0 5 100.0 ee 
Alaska: 6 e a ee 100.0 È 100.0 e 
Ra el AAA A 86.2 13.8 93.3 6.7 
Arkansas tle Oe ie eae te ra le do al 100.0 n 100.0 ao 
California eeh, Sees ae a 99.7 3 99.6 A 
COl0FadoO: uen i a ay ae es ht ed ees 70.9 29.1 81.4 18.6 
Connecticut 3 3 ee a i eh ee Ei eene 100.0 Laien 100.0 M 
Delaware — oie se a oe eee a se eee 100.0 ios. 100.0 se 
Rlorida^. 0 osea EE 100.0 us 100.0 es 
Georgia ¿a ee hue EU eU ee 1100.0 W 1100.0 W 
Hawaii it oem mmc pd A Sh ee 100.0 Lione 100.0 "X 
Vo P lero RR eae RE ER REDDERE EE 92.6 1.4 98.0 2.0 
Inno. nian onus E Lt E AA ace 99.0 1.0 98.9 1.1 
EC enn eeu Lee C Ae re 1100.0 W 1100.0 W 
EE 1100.0 W 1100.0 W 
Kansas. uo sr ormai cmn eM Red LM Lt aec ur E 91.4 8.6 91.8 8.2 
Kentucky. eme o is EE 1100.0 W 1100.0 W 
ENER t Loc cu tio a a ida ts di Dr ed 83.9 16.1 84.0 16.0 
Maine S. da razas Kr eic Mat al rais io MR EE 100.0 Be 100.0 SE 
IAAT YONG ca = tia tr needs al La Ss Se ee taal l 100.0 cs 100.0 202 
Massachusetts ` ~________ Le 100.0 are 100.0 Tn 
Michigan oo sedem aa a a E need 1100.0 W 1100.0 W 
Minnesota 2. ais a sos i eun eus esa ise iter ete inte 100.0 ES 100.0 MM 
EIERE 100.0 PM 100.0 ec 
ISSUE See as Loe le dL es a eon e E 46.3 53.7 40.0 60.0 
Montana EE 87.7 12.3 89.0 11.0 
Nebraska 2 oirlo eck Ke we gebeten 100.0 ne 100.0 SE 
Nevada SE EEGEN 98.8 1.2 99.5 5 
New Hampshire__________________ ~~ ee 100.0 s 100.0 "S 
New Jersey. e c eue Ea ta e 1100.0 W 1100.0 W 
New Mexico -2222222222 50.0 50.0 78.7 21.3 
New York -2-222-22222-2 78.6 21.4 78.2 21.8 
North Carolina ______§_§____________________ 100.0 BE 100.0 ees 
North: Dakota. - onc Se oie E c d 1100.0 W 100.0 S 

ODi e an ts ones ra, eG hee 91.2 8.8 1100.0 
Oklahoma ak enn a ee ee Au et Nat tato Be es 100.0 HN 100.0 Sc? 

ÜFegon ee EE el E | 1100.0 W 1100.0 
Pennsylvania ------------ AA a 96.6 3.4 96.6 3.4 
Rhode Islánd.... uou a da ee eco en a l 100.0 ERE 100.0 EN 
South Carolina `. 200 ts et de et Ste ERI 100.0 Re 100.0 SAS 
South. Dakota 0.0: ap a EE ee. 1100.0 W 1100.0 W 
Tennessee c cuoi idu oca Si le Lo i pt A rus 59.4 40.6 75.3 24.7 
Teris n oe LCD E ee a ad ale oe 1100.0 W 1100.0 W 
Uta A cae eec ot cin ee eA Ar fece a 98.3 1.7 99.3 7 
Vermont ces sen cU a sso cree Ee enee 100.0 EM 100.0 EM 
hi 00 qp ee 1100.0 W 1100.0 W 
Washington: x cud CoL C cue Es 97.5 2.5 97.5 2.5 
West TEE 1100.0 W 1100.0 W 
Wisconsin E 100.0 m 100.0 TES 
WV OMNIS ee E 30.7 69.3 74.7 25.3 
EE 90.9 9.1 94.4 5.6 


W Withheld to avoid disclosing company proprietary data; included with "Surface." 
"Includes underground; the Bureau of Mines is not at liberty to publish separately. 
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Table 7.—Number of domestic metal and nonmetal mines! in the United States in 1982, by 


commodity 
Total Less 1,000 10,000 100,000 1,000,000 More 
Commodit number than to to to to than 
y of 1,000 10,000 100,000 1,000,000 10,000,000 10,000,000 
mines tons tons tons tons tons tons 
METALS 
a apa Maas 3 ^8 1 ; 1 38 -3 
EE 
Gold: 
| Os (oe nume 101 41 28 11 14 6 1 
Placer. _____ A A _— 47 10 13 16 5 3 EM 
Itónóore- cll id 26 ES 2 4 6 8 6 
^» MORE RR RERO het ee ee 17 7 1 — 2 7 SE 
Silver -------------——- 63 32 14 6 10 1 ale 
Titanium (ilmenite) `... 5 SÉ? SE See 1 4 dei 
Tungsten - -- ----------- 23 18 2 2 1 we LE 
Uranium ooo. 128 16 34 52 24 2 at 
Ze UO eer E 14 ae 1 2 9 2 MM 
Other? .. 21 5 7 2 2 5 an 
gl [en Cae nee 485 132 104 105 Tl 53 14 
NONMETALS 
Abrasives? _____________ 14 2 8 4 A Ta E 
bestos _.____________ 3 DE d 3 PE Spe NN 
Barite--------------—- 32 1 5 17 9 mee DA 
Clays Eun 972 46 267 569 90 iin a 
Diatomite _____________ 12 pt 3 T 2 I m 
Feldspar ________.___-_- 15 E 1 14 "PS em a 
Fluorspar ____~_______- 5 2 1 1 1 ENS zum 
Gypsum ______________ 72 2 8 27 35 oe: ee 
ica (scrap _..._____ ~~~ 11 2 3 1 5 2 TM 
Perlite _._____________ 12 GA 3 7 2 a x 
Phosphate rock . -------- 33 E 1 eS. 4 23 5 
Potassium salts |... 7 ba nes TM 2 5 Sien 
Pumice ______________~_ 23 6 7 9 1 me E 
Salt — AA 18 And 2 3 6 7 Ze 
Sand and gravel* |. |... 5,139 118 825 2,608 1 an 40 1 
SUD carbonate ________ 5 ee aen Ss 3 1 
to 
Crushed and broken ____-_ NA NA NA NA NA NA NA 
Dimension ---------—- NA NA NA NA NA NA NA 
Talc, soapstone, pyrophyllite .. _ 28 3 8 14 Sat P 
Other? _______________ 29 7 5 10 6 1 E 
Total... 6,430 189 1,147 3,294 1,714 79 7 
Grand total _._------ 6,915 321 1,251 3,399 1,791 132 21 
NA Not available. 


1Excludes wells, ponds, or pumping operations. 

2Antimony, beryllium, manganiferous ore, mercury, molybdenum, nickel, rare-earth metals, tin, and vanadium. 
3 Abrasive stone, emery, garnet, and tripoli. 

“Includes construction and industrial sand and gravel. 

5Crushed and broken and dimension stone were not available for 1982 because of biennial canvassing. 


SIncludes aplite, boron minerals, graphite, greensand marl, iron oxide pigments (crude), kyanite, magnesite, millstones, 
olivine, vermiculite, and wollastonite. 
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Table 8.—Twenty-five leading metal and nonmetal! mines in the United States 
in 1982, in order of output of crude ore 


Mine 


Hibbing Tac 
1 de 


Thunderbird 
Berkeley Pit 


Erie Commercial. _ _ _ — 


Twin Butte _ 


Empire 


Round Mountains _ _ _ ` 


Pinto Valley 


Green Cove _ 
Inspiration _ 


Eisenhower ` 
Trail Ridge _ 


Tonopah_ ` 


Green River 


Suwannee. _ 


Ft. Meade. ` 
Ft. Green ..— 
Kingsford .. _ 


Clear Spring 
Haynsworth 


Hookers _ _ ` 
Lonesome _ _ 


Creek 


Retsof __ _ 


mew iw zë 


Nevada 


State 


Florida_______ 


New Mexico_ _ _ ` 


Wyoming 


Florida- ----—- 


New Mexico... 


New York |... 
Wyoming ----- 


New Mexico___-_ 


Califo 


rnia_____ 


1Brines and materials from wells excepted. 


2Crushed and broken and dimension stone were not available in 1982 because of biennial canvassing. 


Operator 


METALS 


Kennec 


Pickands Mather & Co____ 
Cyprus Bagdad Copper Co _ 


agma 
Duval Sierrita Corp 


Phel 
Ogleba 


The Anaconda Company 
Pickands Mather & Co_ _ _ _ 
Anamax Mining Co 


per Co 


Dodge Corp 
y Norton Co 


United States Steel Corp ... 


Tilden 


Mining Co - 


Empire Iron Mining ` ` _ — 
Copper Range Co _ 
Cities Service Co _ 
Associated Minerals Corp _ — 
Inspiration Consolidated 


Copper Co. 
ASARCO Incorporated ` — 


E. I. du Pont de Ne- 


mours & Co. Inc. 
Climax Molybdenum Co., a 

division of AMAX Inc. 
The Anaconda Company - - 


E. 1. du Pont de Ne- 


mours & Co. Inc. 
Chino Mines Co _ _ 
Inland Steel Mining Co _ ` 
ASARCO Incorporated ... 


NONMETALS? 


FMC Corp., Industrial Chem- 


icals 


Group. 


Occidental Petroleuid Corp _ 


International Minerals & 
hemical Corp. 


Mobil Oil Corp 


Williams Co ____ 
International neras & 
cm Corp 


American Cyanamid Co _ _ _ 


W.R.G 


race & Co _ 


American Cyanamid Co .. _ _ 
Estech General Chemical 


Gardinier Inc _  — 
Occidental Petroleum Corp — 


Mobil Oil Corp 


international! Minerals & 

Chemical Corp. 
Amax Chemical Corp .... 
Texasgulf Inc _ _ _ 


General Development Corp _ 
Williams Co _ - - — 
Kerr-McGee Chemical Corp 


International Salt Co ____ 
Allied Chemical Co 


Potash Co. of America, a di- 
vision of Ideal Basic Indus- 


tries 


Inc. 


Koppers Co., Kaiser Sand 
and Gravel. 


Commodity 


Copper ____ 
Iron ore ` _ 
Copper ____ 
-—---doọo___ 
ES - |» DERREN 
what Ss AO oc 
Iron ore ___ 
Copper _ _ — — 
Iron ore ` 
p LEO 
Iron ore ... 


ase)... cc 


Coppe 


Titanium ` — 
Molybdenum 


se ee OO? ek = 
Titanium ` 


Copper _ _  — 
Iron ore ___ 
Copper _ __ _ 


Mining 
method 


Open pit. 


Se 


Caving. 
Open pit. 


PSSEEPSSSS 


Dredging. 
Open pit. 


A 


Dredging. 


Caving and 
open pit. 

Open pit. 

Dredging. 


Open pit. 


Sto 
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Table 9.—Twenty-five leading metal and nonmetal! mines in the United States 
in 1982, in order of output of total materials handled 


Mine State Operator Commodity unie 
METALS 
Utah Copper ------- Utah _______- Kennecott |... 2. Copper .... Open pit. 
dad __________ Arizona . Cyprus Bagdad Copper Co- .. uad) tos Do. 
Inspiration . ------ seo MOO CE Inspiration Consolidated aera: |o SEE Do. 
pper Co. 
Twin Butte ________ O SE Anamax Mining Co ..... do cuc Do. 
Palmer `... Michigan .....- Empire Iron Mining Co ..... Iron ore __ — Do. 
Chino T REN New Mexico... Chino Mines Co _ ______- Copper... Do. 
Hibbing Taconite |... Minnesota... __-_- Pickands Mather & Co... ` ` Iron ore __— Do. 
Thunderbird `... uso diis lebay Norton Co- ----- etie Do. 
Morenci - --------—- Arizona ------— Phelps e Corp ------ Copper _ — _ — Do. 
Sierrita _________-_ BE WEE Duval Sierrita Corp --.-.-- msc. Do. 
Pinto Valley . —— uc cM eus cess Cities Service Co _____- = mud o Do. 
Eisenhower______-- E. |» AA ASARCO Incorporated `. — Cree: GE Do. 
Tonopah- - -------- Nevada ` The Anaconda Company .. Molybdenum Do. 
Pima_----------- Arizona _____-— rus Pima Mining Co. _ _ Copper... Do. 
Erie Commercial. — _ ` — Minnesota... — ds Mather € Co _ _ — Iron ore ... Do. 
Shirley Basin- __._-_-_- Wyoming ----- l Pathfinder Mines Corp ... Uranium... — Do. 
Tilden ----------- Michigan `... — Tilden Mining Co - -- __ Iron ore ... Do. 
Tyrone... ..---- New Mexico. - - - Phelps Dodge Corp - - ---- Copper _ _ __ Do. 
San Manuel. — ~~ — Arizona ______ Magma Copper O coc ud. c Do. 
Climax. - - -------- Colorado... Climax Molybdenum Co., a Molybdenum Caving and 
division of AMAX Inc. open pit. 
E p Minnesota. _ _ _ — United States Steel Corp _ — Iron ore ___ Do. 
EE Arizona -__-.- Kennecott _________-- Copper ____ Do. 
Battle ‘Mountain e Nevada .....- Duval Corp- ...-- egold __ Do. 
Round Mountains ....... O casts Copper Range Co. 25 dg ce: Do. 
Berkeley Pit |... Montana. — — _ — — The Anaconda Company -- Copper _ — Do 
NONMETALS? 
Suwannee-_-_----.-- Florida... Occidental Petroleum Corp . desc nan: Open pit. 
rock. 
Kingsford ______——- O ee International Minerals & Bit AO) iot e Do. 
emic rp. 
Ft. Green --—------- EAE $ |. AE Williams Co -——------- _~__.do ___ Do. 
Noralyn...-..---- Sr 1: IEEE International Minerals & ma OO) ccs Do. 
Chemical Corp. 
Lonesome -------- DE OO AAA American Cyanamid Co .. _ _ Lado us Do. 
Ft. Meade - -----___ A. |: AREA ees Mobil Oil Corp --.-.----- ton S00; 3c Do. 
Haynsworth ______~_ E, MS American Cyanamid Co _ .. — --..-do ..- Do. 
Clear Spring `. E MEO c Ls International Minerals & xac cuc Do. 
Chemical Corp 
Green River . Wyoming ----- FMC Corp., Industrial Chem- Sodium Stopes. 
icals Group. carbonate. 
Silver City `. Florida... rc General Chemical Phosphate Open pit. 
rock. 
Swift Creek ______--_ SENE. D AAA Occidental Petroleum Corp _ deos dg sc Do. 
Nichols _________-— uo dO s alm Mobil Oil Corp -------- BEE, | BE Do. 
Hooker... cdo ce W.R.Grace&Co ----—- dssdo Do. 
Lee Creek _______- North Carolina _ _ Texasgulf Inc _________ ----do___ Do. 
Watson `... Florida. Kate General Chemical Dado a Do. 
rp. 
Mabie Canyon ------ Idaho_______~ Conda Partnership - ___-_- sado mu Do. 
Ft. Meade... Florida- -- ---— Gardinier Inc ________~- O e Do. 
Conda ___________ Idaho- ___----- J. R. Simplot Co ------- Sie O uu Do. 
Wingate---------- Florida- - -----— Becker Industries Corp .... E, PIENE Do. 
Payne Creek ____-.-- E: > A Williams Co ---------- ESTER: |» DM Do. 
Bonny Lake. ___--_-- EN, [> FEA W.R.Grace&Co ---—- a E, EE Do. 
Gay succ LL Ss Idaho_______~- J. R. Simplot Co- ------- Bi LEE Do. 
Rockland --------- Florida- ------ United States Steel Corp __ Su dO a Do. 
Henry ....-.------ Idaho- ______- Monsanto Co ________~_ MESE, creel Do. 
Vernal --- Utah ge Chevron Resources Co _ _ _ — ----dọo eee Do. 


1Brines and materials from wells excepted. 
2Crushed and broken and dimension stone were not available in 1982 because of biennial canvassing. 
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Table 12.—Mining methods used in open pit mining in the United States in 1982, by 


Iron ore EE ee Pt A PLU e rw br Mp eae Li ln ees cries 


A no lect A E ea Aa he ur DD e E ru AUAM ee SEH 
Molvbdenüm 22 isis ei oe Deme musste dup ccu LL LE 
gheet Ee ccu LI itte EL a 


Abrasives `. a el ERREUR RD RAE da LR FRE rT TEEN 
ADI thc ec ceu ut ees sec A E 
Asbes 


Barite A es, m rom m m EE MI Se, E a ee 


Feldspar tee Pi ge de Ber ia es i eA O LL E 
BUOY A II A IEA 


TT EE 
NEE eg EE EE 
Mill8Stohe8 EE 


Phosphate rock ëch 
RN EE 


Sand and E EE - 


Stone:? 


Crushed and broken 205 5c acm ee 
DIMENCIONA SA duc cde ec iier RUE 
Talc, soapstone, pyrophyllite. - - - - - - --------------------------—-—- 
Mepmicullte ecc od E r es, ony i ic EC ee 


NA Not available. 


commodity 
(Percent) 


Total material handled 


Preceded. Not preceded 


by drilling by drilling 
and blasting and blasting? 


41 59 
93 T 
96 4 
ae 100 
93 To 
es 100 
10 90 
91 9 
55 45 
100 d 
99 1 
T 99 
4 96 
90 50 
60 40 
64 36 
100 . begs 
100 TM 
TT 23 
6 94 
T" 100 
5 95 
96 4 
100 TER, 
94 6 
-— 100 
100 Dee 
100 m 
1 99 
100 ro 
100 en 
66 34 
93 7 
22 78 
ee 100 
TS 100 
NA NA 
NA NA 
100 € 
58 42 
58 42 


!Includes ariang hl cutting without blasting, dredging, mechanical excavation and nonfloat washing, and other 


surface mining met 


2Crushed and broken and dimension stone were not available for 1982 because of biennial canvassing. 
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Table 13.—Development and exploration activity in the United States in 1982, by method 


Method 


DEVELOPMENT 
Shaft and winze sinking______-_-_ 
Raising - - - -- -----------——- 
Drifting, crosscutting, or tunneling _ 
Solution mining... 


EXPLORATION 


Diamond drilling - ----------- 
Churn drilling. - - ----------- 
Rotary drilling ` 
Percussion drilling ___________ 
Other drilling - - - ----------- 
Trenching ` .........--..-- 


XX Not applicable. 


1Data may not add to totals shown because of independent rounding. 


2Based on unrounded footage. 


Metals 
Percent 
Feet O 
total? 

6,890 1.0 
63,400 8.9 
421,000 58.8 
224,000 31.3 
715,000 100.0 
750,000 13.8 
332,000 6.1 
2,010,000 37.1 
1,120,000 20.7 
1,180,000 21.7 
33,300 6 
5,420,000 100.0 
6,140,000 XX 


Nonmetals 
Percent 
Feet o 
total? 

571 0.3 
158,000 93.8 
10,000 5.9 
169,000 100.0 
136,000 32.4 
120,000 28.6 
46,400 11.1 
110,000 26.2 
7,200 1.7 
419,000 100.0 
588,000 — XX 


Total? 
Percent 
Feet o 
total? 
6,890 0.8 
63,900 7.2 
579,000 65.5 
234,000 26.5 
884,000 100.0 
885,000 15.2 
332,000 5.7 
2,130,000 36.5 
1,160,000 19.9 
,290,000 22.0 
40,500 7 
5,840,000 100.0 
6,720,000 XX 
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Table 16.—Total material (ore and waste) produced by mine development in the United 
States in 1982, by commodity and State 


Drifting, 


Abrasives ______________ 
Barite coa muta tias 
Fluorspar ___________-_ _ 
Phosphate rock___________ 
Sodium carbonate _________ 
Other? ________________ 


Arkansas _____________~_ 
California ______________ 
Colorado____~_____-~____- 

ÍA <a 


Missouri ooo. 


New York _________-___.--_ 
e ii a st 
Pennsylvania - ----------- 
South Dakota- ` 
Tennessee... 2 --- 
Uta 


NA Not available. 


(Thousand short tons) 
Shaft and 
winze Raising 
sinking 
COMMODITY 
EE W W 
tT e 10 24 
Ee W (3) 
MPO AR 34 W 
Ee W W 
PEE NEN "e W 
MEER 62 191 
pa ll reu 106 215 
EEN NS W 
EE NA NA 
EEN EN 6 
ee Se 6 
E PEE 106 221 
STATE 

ORI ENS “i ve 
cae ales ae, W 

SN URN E E: 
eile pipes ee 1 59 
EE W W 
EE PEN W 
EE A W 
beh shah Stans W Es 
EE W W 
TET EN (2) W 
Pom W W 
year eee ter do W 
NONAS od W 
EE Kc W 
e tee W W 
UNES e 0) 
EE 102 158 
ME 106 221 


crocus: Stripping 
tunneling 
377 32,300 
218 15,000 
3,810 14,600 
1,880 SEN 
397 1,180 
124 21,700 
856 ER 
280 11,400 
8,540 96,100 
HO 41 
-— W 
W a 
NA NA 
W E 
1,340 5,540 
1,340 5,540 
9,880 102,000 
-— W 
2) 37 
394 SCH 
59 2,220 
211 
bei 442 
W E 
W ce 
113 39 
116 13,200 
534 
W ae 
W W 
W d 
W a us 
140 Sien 
265 W 
W W 
1,400 18,200 
5,960 36,100 
9,880 102,000 


Total! 


W Withheld to avoid disclosing company proprietary data; included with “Undistributed.” 
1Data may not add to totals shown because of independent rounding. 


"Less than 1/2 unit. 


` SIncludes antimony, bauxite, beryllium, mercury, molybdenum, tungsten, and vanadium. 
*Includes feldspar, gypsum, salt, talc, soapstone, and pyrophyllite. 
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Table 17.—U.S. industrial consumption of explosives 


(Thousand pounds) 
Quarrying Construction 
Sa Coal Metal and D work and Total 
mining! mining! nonmetal indust other industrial 
mining? ry uses? 
1978. n scs 2,168,630 574,213 604,955 3,347,798 581,391 3,929,189 
UI e cu 2,237,393 612,820 653,033 3,503,246 587,212 4,090,458 
1990. 22 is 2,503,359 559,229 624,184 3,686,772 587,690 4,274,462 
1981. 5-525 5 e 2,249,262 695,449 493,771 3,438,482 902,567 4,341,049 
I9B2 o i eis 2,269,565 530,384 423,353 3,223,302 687,189 3,910,491 


1Some quantities of this use are included with “Construction work and other uses" to avoid disclosing company 
proprietary data. 
2Includes some quantities from “Coal mining,” “Metal mining," and “Quarrying and nonmetal mining.” 


E der Data for 1978-80 are not comparable to prior years owing to change in reporting by the Institute of Makers of 
xplosives. 


Table 18.—U.S. consumption of explosives in the minerals industry 


(Thousand pounds) 
| Quarrying 
Coal . Metal and 
Year mining mining nonmetal Total 
mining 
PERMISSIBLE EXPLOSIVES 
Let AAA n 38,530 208 618 39,356 
1919: EE 44,891 281 615 45,787 
1980. a la 52,476 81 716 53,273 
JIOND nece 49,814 166 1,638 i 51,618 
Ee ee es et 48,401 287 1,317 45,005 
OTHER HIGH EXPLOSIVES 
EE 27,741 25,400 59,974 118,115 
1979 A 25,783 23,699 60,734 110,216 
1980.5: Leno mes 24,912 25,085 50,138 100,135 
198l ae eee ie no NNNM AES 22,814 23,384 43,223 88,921 
ENEE 19, 360 13, 108 29,322 61,790 
WATER GELS AND SLURRIES 

ISIN a Le | 63,494 284,470 89,322 887,286 
1919. noel one A 74,739 238,738 107,280 420,757 
1980 eebe 93,916 171,218 99,947 865,076 
AA ——H 99,796 174,528 86,671 360,995 
1982 AAA A A 104, CH 90,738 80, 503 275,605 

AMMONIUM NITRATE: FUEL-MIXED AND UNPROCESSED 
AAA 2,038,865 814,135 455,041 2,808,041 
e AAA 2,091,980 350,102 484,404 2,926,486 
1980 — ai e ee 2,332,055 362,850 473,383 3,168,288 
DOG ua a lr meee 2,077,338 497,371 362,239 2,936,948 
KEE 2,102,440 426,251 312, 211 2,840,902 

TOTAL 

Ir ti ti 2,168,630 574,213 604,955 3,347,798 
E APA A 2,237,393 612,820 653,033 3,503,246 
1980: A a cea 2,503,359 559,229 624,184 3,686,772 
¡A A 2,249,262 695,449 493,771 3,438,482 
1982. oo e ee 2,269,565 ` 530,384 423,353 3,223,302 
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Statistical Summary 


By Rose L. Ballard: 


This chapter summarizes data on crude 
nonfuel mineral production for the United 
States, its island possessions, and the Com- 
 monwealth of Puerto Rico. Included also are 
the tables that show the principal nonfuel 
mineral commodities exported from and 
imported into the United States and that 
compare world and U.S. mineral produc- 
tion. The detailed data from which these 
tables were derived are contained in the 
individual commodity chapters of Volume I 
and in the State chapters of Volume II of 
this edition of the Minerals Yearbook. 

Although crude mineral production may 
be measured at any of several stages of 
extraction and processing, the stage of 
measurement used in this chapter is what is 
normally termed “mine output.” It usually 
refers to minerals or ores in the form in 
which they are first extracted from the 
ground, but customarily includes the output 
from auxiliary processing at or near the 


mines. 

Because of inadequacies in the statistics 
available, some series deviate from the fore- 
going definition. For copper, gold, lead, 
silver, tin, and zinc, the quantities are 
recorded on a mine basis (as the recoverable 
content of ore sold or treated). However, the 
values assigned to these quantities are 
based on the average selling price of refined 
metal, not the mine value. Mercury is 
measured as recovered metal and valued at 
the average New York price for the metal. 

The weight or volume units shown are 
those customarily used in the particular 
industries producing the commodities. Val- 
ues shown are in current dollars, with 
no adjustments made to compensate for 
changes in the purchasing power of the 
dollar. 


1Statistical specialist, Minerals Information. 
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Table 1.—Nonfuel mineral production! in the United States 


Mineral 


METALS 


Antimony ore and concentrate 
short tons, antimony content. . 
Bauxite |... thousand metric tons, 
dried equivalent. _ 
SS (recoverable content of ores, 
EE metric tons. — 
Gold oc erable content of ores, etc.) 
troy ounces. . 
Iron ore, usable (excluding byproduct 
iron sinter) _ _ — thousand long tons, 


weight- = 
Iron oxide pigments, chine 
short tons. _ 
Lead (recoverable content of ores, etc.) 
metric tons_ — 
Manganiferous ore (5% to 35% Mn) 
short tons, gross weight. 
Mercury — 
Molybdenum (content of concentrate) 
thousand pounds. . 
Nickel (content of ore and concentrate) 
short tons... 
Silver (recoverable content of ores, etc.) 
thousand troy ounces. — 
Titanium concentrate: Ilmenite 
short tons, gross weight. . 
Tungsten ore and concentrate 
metric tons, contained W_ _ 
Vanadium (recoverable in ore and 
concentrate) ---.-... short tons. — 
Zinc (recoverable content of ores, etc.) 
metric tons. — 


Combined value of of beryllium concen: 
trates, magnesium chloride for mag- 
nesium metal, platinum-group metals 
(1981), rare-earth metal concentrate, 
tin, titanium concentrate (rutile), zir- 
con concentrate, and values indicated 
by symbol W 


erte kee a ecLRe e 
NONMETALS (EXCEPT FUELS) 
cir stones ____—— short tons. — 


E EEN metric tons. — 
Asphalt ver related bitumens, native: 
ituminous limestone, sandstone, 
gilsonite. ... thousand short tons. . 


Barite -------------—- do... 
Boron minerals... .....- do. --- 
Bromine ------ thousand pounds. _ 
Calcium chloride... short tons_ _ 


Carbon dioxide, natural 
thousand cubic feet_ _ 


Cement: 

Masonry . thousand short tons_ = 

Portland _ ---------—-- do... 
AA CIA AAA do_ ___ 
Diatomite ____________ do____ 
Feldspar - - - -------- short tons. _ 
Fluorspar - ----------—- Occ uc 
Garnet (abrasive) `... do____ 
Gem stones ________________ 
Gypsum ___~— thousand short tons. . 
Helium 

Crude ____-— million cubic feet_ _ 

GradeA ___________~_ do... 
Lime |. ....- thousand short ong _ 


Magnesium compounds. short tons. _ 
Mica (scrap)... thousand short tons. _ 


Petorca iia E do ... 
Perlite ___________ _ short tons. . 
Phosphate rock 


thousand metric tons. _ 
Potassium salts (K20 SE 
A 


See footnotes at end of table. 


Quantity 


646 
1,510 
1,538,160 
1,879,161 


72,158 
67,214 
445,535 


174,760 
27,904 


118,916 
12,099 
40,683 

528,681 

3,545 
5,126 
312,418 


XX 
XX 


22,501 
75,618 


704, ,691 
1,577,053 


Value 
(thousands) 


W 
$26,489 
2,886,440 
633,918 


2,914,689 
2,285 
358,821 


2,889 
11,549 


945,540 
W 
427,921 
31,013 
62,231 
11,496 
306,879 


158,902 
8,842,000 


21,096 
30,685 


27,654 
102,439 
435,387 

90,200 

61,692 

2,607 
161,819 
3,515,600 
988,845 
113,010 


18,412 


2,059 : 


7,625 
98,101 


2,100 
31,798 


8,212 
18,783 
17,458 

1,437,986 


328,900 


Quantity 


132 


"1,146,975 
71,465,686 


35,761 
67,294 
512,516 


31,509 
25,760 


716,185 
3,203 
740,248 
233,063 
1,575 
4,098 
"303,160 


1, 
401,100 
*616,513 


Value 
(thousands) 


W 
$12,334 


1,840,856 


550,968 


1,491,705 
2,702 
288,579 


293 
W 


"504,089 
W 
"319,975 
19,093 
22,062 
52,577 
"257,116 


154,917 


75,517,000 


*61 A83 
3,399 
145,172 
3,084,439 
825,064 
107,619 
20,300 
13,293 
2,921 
1,150 
89,131 
W 
342,432 
696,207 
W 
"6,398 
716,871 
16,044 
950,326 


265,600 


Quantity 


838 
679 
1,038,098 
1,957,379 


44,295 
40,023 
449,038 


33,523 
25,070 


49,163 
43,415 
W 
1,016 
2,171 
275,294 


42,573 
1,513 


Value 
(thousands) 


W 
$11,309 
1,751,416 
829,929 


1,938,496 
2,368 
214,623 
216 

W 


496,671 
W 
10,528 
80,675 
251,204 


1,425 
101,361 
W 
345,465 
757,611 
145,084 
6,479 
18,667 
15,664 


1,020,901 
220,800 
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Table 1.—Nonfuel mineral production! in the United States —Continued 


1981 1982 1983 
Mineral f Value 3 Value e Value 
Quantity (thousands) Quantity (thousands) Quantity thousands) 


NONMETALS (EXCEPT FUELS) — 
Continued 
Pumice_ _ _ _ _ thousand short tons. _ 499 $4,311 416 $3,750 449 $4,486 
Pyrites____ thousand metric (ong _ 797 49,160 676 41,943 W W 
Salt_______ thousand short tons_ _ 38,907 637,568 137,894 1671,424 34,573 597,081 
Sand and gravel: 
Construction _________ do... *690,000 — 51,928,000 7594,000 1,674,000 *655,100 — 1,935,000 
Industrial .. .......- do... 29,980 332,300 r27 400 ™323,800 26,620 335,200 
oo sulfate (natural) ____do____ - 608 43,186 W W 423 39,425 
tone: 
Crushed ___________ _ do_--- 872,600 3,125,000 €790,030  *2,918,300 862,700 3,337,000 
Dimension. _________~— do — 1,331 150,461 *1,330 *145,113 1,186 149,483 
Sulfur, Frasch process 
thousand metric tons. .. 5,910 115,683 3,598 434,660 4,111 445,131 
Talc and pyrophyllite 
thousand short tons. _ 1,343 31,497 1,135 120,671 1,066 20,280 
Tripoli -- ---------—- short tons_ _ 107,330 617 112,928 653 111,020 649 
Vermiculite.... thousand short tons. . 320 26,181 316 28,508 282 27,170 
Combined value of aplite, emen. aph- 
ite (1982-83), iodine, kyanite, ithium 
minerals, magnesite, marl (green- 
sand), olivine, sodium carbonate 
(natural), staurolite, wollastonite, 
and values indicated by symbol W ` XX "994,115 XX T959,269 XX 868,055 
Total so = na adi Se eee XX "16,446,000 XX' 14,158,000 XX 15,268,000 
Grand total... XX 25,288,000 XX 19,675,000 XX 21,184,000 


*Estimated. "Revised. NA Not available. W Withheld to avoid disclosing company proprietary data; included in 
“Combined value" figure. XX Not applicable. 

1Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 

2Grindstones, pulpstones, grinding pebbles, sharpening stones, and tube mill liners. | 

SExcludes output in New Mexico; withheld to avoid disclosing company proprietary data; included in nonmetals 
"Combined value" figure for 1982-88. 

*Excludes abrasive stone and bituminous limestone and sandstone; all included elsewhere in table. 
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Table 2.—Nonfuel minerals produced in the United States and principal 
producing States in 1983 


Mineral 


Antimony ore and concentrate _ 
A EN 
Asbes 


Baia A a a 
Beryllium concentrate. - — — — 
Boron minerals ________.__ 
Bromine ____________~_~_ 
Calcium chloride |... 
Cemento oo 


Iron oxide pigments (crude) _ _ — 
wanter 20 
Lead (mine) _.~__________ 


Lithium minerals. . ------—- 
Magnesite 
Magnesium chloride --__._.--- 
Magnesium compounds _ _ _ _ — 
Manganiferous ore ______._-_ 
Marl, greensand 
Mercury --ooooooooo-- 
Mica (scrap ------m.mm--- 
Molybdenum `... 
Olivine ------o22oo o _ 


Peat EE 


Perlite ELE 

Phosphate rock... 

Potassium salts ________.__ 

Pumie.. te a 

Pyrites, ore and concentrate _ _ 

ee metal concentrate _ 
t 


Sand and gravel: 
Construction- ________-_ 
Industrial ___________ 


Silver (mine)____________ 


Sodium carbonate (natural)_ _ _ 
Sodium sulfate (natural)... 
Staurolite eech 


Sulfur (Frasch) ---------- 
Lee and pyrophyllite |... 
Titanium concentrate ______ 
THDOl eem 
Tungsten ore and concentrate . 
Vanadium -----------—- 
Vermiculite ____________ 
Wollastonite - _--------—-- 
Zinc (mine)... ---- 
Zircon concentrate ________ 


Principal producing States, 
in order of quantity 


ano and Mont. 
Calif. and Vt. 
Utah. 


Ark. d Mich. 
Mich. and Calif. 
Tex., Calif., Pa., Mich____._-_-_ 


Ga., Tex., Wyo., NC -- 
Ariz., Utah, N. Mex, Mont ` _ 
Calif., Nev., Wash., Oreg. 

N.Y 


N.C., Conn., Ga., Calif _.___ — 
111., Nev., Tex. 

Idaho, Maine, N.Y. 

Nev., S. Dak., Utah, Mont ....... 


Tex., Iowa, Okla., Calif... 


Kans., Tex., N. Mex. 

Okla. and Mich. 

Minn., Mich., W o Mo.-.--- 
Mich., Ga., SCH 

Va. and 

Mo., Idaho, Colo., NY rita 


Ohio, Pa., Mo., Ru -- 


N.C. and Nev. 
Nev. 


Tex. 
Mich., Calif, Fla, Tex ___.__-_ 
S Yi and Mont. 


Nev. 

N.C., S. Dak., N. Mex, SC... 
Ariz., Colo., Mont., Utah _____ 
N.C. and Wash. 

Mich., Fla., Ind., DI, 


N. Mex., Ariz., Calif., Nev __ _ _ 
Fla., Idaho, N.C., Tenn ______ 
N. Mex., Utah, Calif. 

Oreg., N. Mex., Calif., Idaho .. — 


Calif., Tex., Alaska, Ohio_ _ _ _ — 
Ill, Mich., N. J., Calif 


Idaho, Mont., Nev., Utah. ` 


Wyo. and Calif. 
Calif., Tex., Utah. 
Fla. 


Tex., Fla., Pa., Dl -______._-_ 
Ga., Ind., Vt, Va _______._-_ 


Tex. and La. 
Tex., Ma Mont., NY, 


Ill., Okla., Ark. 
Calif., Colo., Idaho. 
Colo., Utah, Idaho. 


Other producing States 


Tenn., Ill., Wash. 


All other States except Alaska, Conn., Del., 
Mass., Minn., N.H., N.J., N. Dak., RI, Vt. 

AT States except Alaska, Del., Hawaii, 

Alaska, Calif., Colo., Idaho, Mo., Nev., Oreg., 
Tenn. 


Okla. and S. Dak. 


Alaska, Ariz., Calif., Colo., Idaho, N. Mex., 


Oreg., Wash. 

Ariz., Ark., Colo., Idaho, Ind., Kans., La., Mich., 
Mont., Nev., N. Mex., N.Y., Ohio, S. Dak., 
Utah, Va., Wash., Wyo. 


Calif., Colo., Mont., Nev., Tex., Utah. 


Alaska, Ariz., Calif., Ill., Mont., Nev., N. Mex., 


All other States except Alaska, Del., Ga., 
Maine, Miss., N.H., N.J., N.C., RI, S.C., Vt. 


Del., N.J., Utah. 


Conn., Ga., Pa. 
Nev. and N. Mex. 


Calif., Colo., Ga., Iowa, Maine, Md., Mass., 
Minn., Mont., N.J., N.Y., N.C., N. Dak., Ohio, 
Pa., S.C., Wash., Wis 

Colo., Idaho, Utah. 

Ala., Mont., Utah. 


Ariz., Hawaii, Kans., Okla. 


Ala., Ariz., Calif., Kans., Mich., Nev., N. Mex., 
N. Dak., Okla., Utah, W. Va. 


All other States. 

All other States ex RO Alaska, Del., Hawa 
Iowa, Maine, Le H., N. Mes N. Dak., 
Alaska, Ariz., í Calif. “o. Ill., Mo., N. Mex, 

N.Y., 4S. Dak., Tenn., Wash. 


All other States except Del. and N. Dak. 
All other States except Alaska, Der, Fla., Ky., 
La., Miss., Neb., Nev., N. Dak., W. Va. 


Ark., Calif., Ga., N.C., Oreg., Va., Wash. 


Idaho, Ill., Ky., N.J., Pa. 


Delaware 


Florida_ _ 
Georgia — 
Hawaii_ _ 


Maryland 
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Table 3.—Value of nonfuel mineral production in the United States and 
principal nonfuel minerals produced in 1983 


Massachusetts _ _ _ 


Michigan 


Minnesota_ 


Nevada . 


New Hampshire  — 


New Jersey ` ` — 


New Mexico. ` ` ` 


New York 


North Carolina. _ — 
North Dakota _ . - 


Ohio ... 


Pennsylvania. — — 
Rhode Island - _ - — 
South Carolina _  — 
South Dakota. ` _ 


Tennessee 


Utah ___ 
Vermont_ 


Virginia _ 


Washington- _ _ _ — 


Value 
(thousands) 


$361,326 
122,452 


1,510,878 
246,430 
1,764,401 
337,652 
71,213 
13,200 
1,214,979 
850,224 
92,411 


415,079 
406,907 


250,542 
247,360 


267,004 
224,517 


446,761 
26,363 
199,409 
95,675 


1,160,691 
1,455,030 


89,705 
725,809 
293,295 

94,844 


615,785 
19,086 


154,615 


517,194 
506,644 


399,158 


25,370 
479,144 


226,186 
110,943 
635,141 
* 1.930 
230,594 
222,251 
407,051 
1,568,557 


656,579 
42,129 


289,344 
187,465 


See footnotes at end of table. 


Rank 


21 
36 


Percent 
of U.S. 
total 


1.71 
.98 
1.15 
1.17 
8.35 
1.60 
.94 
.02 
6.03 
4.02 
.25 


1.96 
1.93 


1.19 
1.17 


1.26 
1.06 


2.11 
.12 
.94 
AN 


5.49 
6.88 


A2 
3.43 
1.39 

45 


2.91 
.09 


KE 


2.45 
2.40 


1.89 


Principal minerals, in order of value 


Cement, stone (crushed), lime, clays. 
Sand and gravel (construction), gold, stone (crushed), 


in. 

Copper, cement, molybdenum, sand and gravel 
(construction). 

Bromine, cement, stone (crushed), sand and gravel 
(construction). 

Boron minerals, cement, sand and gravel (construction), 
stone (crushed). 

Sand and gravel (construction), cement, molybdenum, 


gold. 
Stone (crushed), sand and gravel (construction), feld- 
spar, sand and gravel (industrial). 
Magnesium compounds, sand and gravel (construction). 
Phosphate rock, stone (crushed), cement, clays. 
Clays, stone (crushed), cement, stone (dimension). 
E (roshen, cement, sand and gravel (construction), 


Silver, phosphate rock, gold, lead. 
Stone (crushed), cement, sand and gravel (construction), 
sand and gravel (industrial). 
nee (crushed), cement, sand and gravel (construction), 
ime 
Stone (crushed), cement, sand and gravel (construction), 


gypsum. 

Cement, salt, stone (crushed), helium (Grade-A). 

Stone (crushed), lime, cement, sand and gravel 
(construction). 

Sulfur (Frasch), salt, sand and gravel (construction), 
cement. 

Sand and gravel (construction), cement, stone (crushed), 


peat. 
Stone (crushed), cement, sand and gravel (construction), 
clays. 
Sand and gravel (construction), stone (crushed), lime, 
stone (dimension). 
Iron ore, cement, magnesium compounds, salt. 
Iron ore, sand and gravel (construction), stone (crushed), 
sand and gravel (industrial). 
Sand an a an (construction), cement, clays, stone 
(crush 
Lead, cement, stone (crushed), lime. 
Gold, silver, copper, cement. 
oe stone (crushed), sand and gravel (construction), 
ime. 
Gold, silver, diatomite, cement. 
Sand and gravel (construction), stone (dimension), stone 
(crushed), clays. 
Stone (crushed), sand and gravel (construction), sand 
and gravel (industrial), zinc. 
Copper, potassium salts, gold, cement. 
Stone (crushed), cement, salt, sand and gravel 
(construction). 
Stone (crushed), phosphate rock, lithium compounds, 
sand and gravel (construction). 
Sand and gravel (construction), lime, salt, clays. 
Stone (crushed), salt, lime, sand and gravel 
(construction). 
Cement, stone (crushed), sand and gravel (construction), 
sand and gravel (industrial). 
Stone (crushed), sand and gravel (construction), cement, 
pumice. 
Cement, stone (crushed), lime, sand and gravel 
(construction). 
Stone (crushed), sand and gravel (construction), stone 
(dimension), gem stones. 
Cement, stone (crushed), clays, sand and gravel 
(construction). 
Gold, cement, stone (dimension), a (crushed). 
Stone (crushed), zinc, cement, pyr 
Cement, stone (crushed), sulfur reach sand and 
gravel (construction). 
Copper, gold, silver, cement. 
Stone (dimension), asbestos, sand and gravel 
(construction), stone (crushed). 
SR (crushed), cement, sand and gravel (construction), 
ime. 
Cement, sand and gravel (construction), stone (crushed), 
ime. 
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Table 3.—Value of nonfuel mineral production in the United States and 
principal nonfuel minerals produced in 1983 —Continued 


Value Percent 8 
State (thousands) Rank o a Principal minerals, in order of value 
West Virginia ` — $103,973 38 AQ Goetz (crushed), cement, sand and gravel (industrial), 
salt. 
Wisconsin _ _ _ — _ — 101,191 39 AR Stone (crushed), sand and gravel (construction), lime, 
sand and gravel (industrial). 
Wyoming `... 629,901 11 2.98 Sodium carbonate, clays, iron ore, cement (portland). 
Total_____._. 21,134,000 XX 100.00 
XX Not applicable. 
1Incomplete total. 


Table 4.—Value of nonfuel mineral production per capita and per 
square mile in 1983, by State 


Value of mineral production 


1983 : f 
Area : . Per square mile Per capita 
State (square miles) popu anion Total EE EES 
(thousands) Dollars Rank Dollars Rank 
Alabama_______~— S 51,705 8,959 $361,326 6,988 23 9] 20 
Alaska - 591,004 479 122,452 207 50 256 10 
Arizona ________ 114,000 2,963 1,510,878 13,253 9 510 3 
Arkansas -____-_- 53,187 2,328 : 4, 31 106 17 
California |... 158,706 25,174 1,764,401 11,117 12 70 25 
Colorado... 104,091 3,13 ,052 3,2 37 108 16 
Connecticut ____._- 5,018 8,138 11,213 14,192 7 23 43 
Delaware `... 2,044 1 1,566 45 
Florida... 58,664 10,680 1,274,979 21,734 1 119 14 
Georgia 2.52 24.2 58,9 5,732 850,224 14,433 6 148 11 
Hawaii- -------- 6,471 1,023 52,411 ; 17 1 33 
Idaho. .....- ,9 989 415,079 4,967 30 420 4 
Illinois --------- 56,345 11,486 406,907 7,222 21 35 40 
ndiana _______~- 36,1 Ev 250,542 6,924 24 46 34 
Iowa `. 56,275 2,905 247,360 4,396 32 85 22 
EE 82,277 2,425 267,004 3,245 36 110 15 
Kentucky ......- 40,409 3,114 224,517 5,556 29 60 
uisiana _______ 41,152 4,438 446,761 9,356 16 101 18 
Maine ` 33,265 1,146 26,363 793 48 23 44 
Maryland --_---- i 4,304 199,409 19,064 4 46 35 
Massachusetts ..... ; 5,161 95,615 11,594 10 17 48 
Michigan ------- 58,527 9,069 1,160,691 19,832 3 128 13 
Minnesota... 84,402 4,144 1,455,030 17,239 5 351 
Mississippi mox m 47,689 2,587 89,705 1,88 43 35 41 
EES 69,697 4,970 125, 10,414 13 146 12 
Montana---.--.--- 147,046 817 293,295 1,995 42 359 7 
Nebraska ___---- 77,355 1,597 94,844 1,226 46 59 29 
Nevada________- 110,561 891 615,785 5,570 28 691 2 
New Hampshire — 9,279 959 19,086 2,057 41 20 41 
New Jersey ------ 7,787 7,468 154,615 19,856 2 21 45 
New Mexico___._-- 121,593 1,399 517,194 4,254 35 870 6 
New York _______ 49,108 17,667 506, 10,317 14 29 42 
North Carolina _ _ — — 52,669 6,082 399,158 7,579 19 66 
North Dakota... 70,702 680 25,370 359 49 37 39 
Ohio ---------- 41,330 10,746 479,144 11,593 11 45 36 
Oklahoma - ----_-- - 69,956 3, 226,186 3,233 38 69 26 
Oregon - -------- 97,073 2,662 110,943 1,143 Ai ` 42 38 
Pennsylvania - ~~ — — 45,308 11,895 635,141 14,018 8 53 30 
Rhode Island `. .. 1,212 955 7,930 6,5434 25 8 49 
South Carolina - _ — - 81,118 3,264 230,594 7,412 20 71 24 
South Dakota - - - - - 77,116 700 222,251 2,882 39 318 9 
ennessee |... 42,144 4,685 407,051 9,659 15 87 21 
Texas__-------- 266,807 15,724 1,568,557 5,879 27 100 19 
tah: j 1,6 656,579 7,734 1 406 5 
Vermont- ------- 9,614 42,129 4,382 33 80 23 
irginia _______~— 40,767 5,550 289,344 7,098 22 52 32 
Washington - ----—- 68,139 4,300 187,465 2,751 40 44 
West Virginia. _ - — — 24,231 1,965 103,973 4,291 34 53 31 
Wisconsin... ` 56,153 4,151 101,191 1,802 44 21 46 
Wyoming ------- 97,809 514 629,901 6,440 26 1,225 1 
Total? or | 
average ___ __ 3,618,702 233,357 21,134,000 5,840 XX 91 XX 
XX Not applicable. 
1Incomplete total. 


SE Washington, DC (which has no mineral production), with an area of 69 square miles and a population of 
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Table 5.—Nonfuel mineral production’ in the United States, by State 


1981 1982 1983 
Mineral Value Value Value 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 
ALABAMA 
Cement 
Masonry ..... thousand short tons. _ 193 $10,721 150 $9,086 210 $13,417 
-Portland --------------- do. ___ 2,270 89,216 2,558 104,461 3,279 150,255 
Clays?) ee do... 1,910 25,406 1,323 13,193 1,863 20,758 
Gem stones __________________- NA 1 NA 1 NA 1 
Lime --------—- thousand short tons. - 1,219 59,454 907 42,380 981 . 41,149 
Sand and gravel: 
Construction. ____________ do... *9,503 €23,340 7,019 17,226 “8 600 €23,500 
Industrial ` _ do__ __ 182 864 960 8,096 418 3,256 
Stone: 
Crushed- —— a do. --- 20,706 88,377 €21,200 “89,600 20,558 95,374 . 
Dimension ______________ do_ 7 2.130 eg e2 341 7 2,661 
Combined value of asphalt (native, 1981), 
bauxite, clays (bentonite), phosphate rock, 
and CTS XX 14,288 XX 13,025 XX 10,955 
Total- EE XX : 318,797 XX 299,409 XX 361,326 
ALASKA 
Gemstones. - - ---------------—-—- NA $60 NA . $60 NA $60 
Gold (recoverable content of ores, etc.) 
troy ounces. _ 26,531 12,195 30,513 11,470 34,702 14,714 
Sand and gravel (construction) 
thousand short tons. . 941,000 €75,600 40,832 74,895 €45,200 €97,200 
Silver (recoverable content of ores, etc.) 
thousand troy ounces. _ 2 25 2 17 4 47 
Stone (crushed) ___ thousand short tons. _ 5,359 26,855 “5,100 €25,200 1,981 9,460 
dk Er sd metric tons. . 136 1,200 W W W W 
Combined value of copper (1982-83), lead, 
platinum-group metals (1981), tungsten ore 
and concentrate (1981), and values indi- 
cated by symbol W `- ------------—- XX 265 XX 1,269 XX 971 
Total -za tt ee ee Bat i XX 116,200 XX 112,911 XX 122,452 
ARIZONA 
Clays ` thousand short tons. _ 148 $1,105 143 $998 151 $1,425 


Copper (recoverable content of ores, etc.) 
metric tons__ 1,040,813 1,953,142 "769,521 71,235,055 — 678,216 1,144,285 


Gem stones_----------------—-—- NA 3,250 NA 2,800 NA 2,800 
Gold (recoverable content of ores, etc.) 
troy ounces... 100,339 46,120 61,050 22,949 61,991 26,284 
Gypsum- ------- thousand short tons. . 213 2,594 175 1,205 265 1,929 
Lead (recoverable content of ores, etc.) 
metric tons. _ 993 800 359 202 144 69 
Lime _________ thousand short tons. _ 538 29,913 326 17,080 340 16,700 
Molybdenum (content of concentrate) 
thousand pounds... 35,808 254,345 720,445 789,928 23,934 19,459 
Pumice. . .... thousand short tons. . © 1 3 1 7 2 15 
Sand and gravel: 
Construction. ___________~- do ... £20,990 *63,340 19,124 58,375 £23,200 €75,000 
Industrial ` . . ......- do... 179 2,455 107 1,617 W W 
Silver (recoverable content of ores, etc.) 
S thousand troy ounces. . 8,055 84,728 76,309 750,159 — . 4,492 51,883 
tone: 
Crushed. _____ thousand short tons_ _ 6,315 26,263 €5,200 €22,200 4,755 24,079 
Dimension ______________ do. --- W 578 W 9580 (3) 1 
DCi A a metric Long _ 138 135 a SE 2s Se 


Combined value of asbestos (1981), barite 
(1981), cement, perlite, pyrites, salt, tung- 
sten ore and concentrate (1981), vanadium 
(1981), and value indicated by symbol W _ _ XX 93,009 


NEE XX 2,561,780 
See footnotes at end of table. 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued | 


See footnotes at end of table. 


1981 1982 1983 ' 
Mineral Value e Value : Value 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 
ARKANSAS 
Abrasives_ --——----------—-—- short tons. — W W 1,085 $469 W W 
Bauxite ` thousand metric tons. _ 1,242 $22,185 W W W W 
Clays . se thousand short tons _ 880 9,333 629 6,658 879 $9,956 
Gemstones ooo NA 200 NA 200 NA 200 
Lime `. thousand short tons. . 149 8,102 W W W W 
Sand and gravel: 
Construction_____________ do____ €9 146 €22,400 "6,936 718,700 *6.900 *19,600 
d Industrial `, do... 642 8,236 r471 15,625 386 4,796 
tone l 
Crushed. - ------------—- do_ ___ 13,834 47,260 138,100 €48,500 13,448 51,267 
Dimension ______________ eet 7 411 e5 €290 9 573 
KHN do W W 13 92 T 66 
Combined value of barite (1981-82), bromine, 
cement, gypsum, tripoli, vanadium (1981- 
82), and values indicated by symbol W __ _ XX 153,721 XX 169,154 XX 159,972 
Total-_—-------------———- XX 271,848 XX T 250,288 XX 246,430 
CALIFORNIA 
Boron minerals ...... thousand short tons... 1,481 $435,387 1,234 $384,597 1,303 $439,181 
Cement, portland... do... 7,896 518,966 ,464 401,883 7,567 420,949 
TEE do... 2,309 19,118 1,762 15,642 21.816 218,255 
Diatomite ________________ do____ W W 340 68,139 W W 
Gem stones. ooo NA 300 NA 250 NA 300 
Gold (recoverable content of ores, etc.) 
| troy ounces. _ 6,271 2,882 10,547 3,965 38,443 16,300 
Gypsum- ------- thousand short (Long _ 1,456 13,948 1,088 10,614 1,213 10,668 
Lime mlcctolllc2lcllc c ite do... 412 26,834 364 ; 3 22,994 
Mercury __________ 76-pound flasks_ — 85 35 "m z R s 
Peat_________. thousand short tons... W W W W 13 612 
Perlite ora aa, ct moe co EN 36 1,044 W W W W 
Pumice 2: 22055 nou min do - 98 1,501 59 1,285 65 1,582 
Sand and gravel: » 
Construction... do____ €107,200 €352,100 81,147 270,995  °91,000 €308,700 
Industrial ___________._.-_ do_ ___ 2,150 28,269 12,167 721,528 2,150 84,066 
Silver (recoverable content of ores, etc.) 
S thousand troy ounces. _ 53 560 34 271 27 308 
tone 
Crushed_ _ _ _ _ _ thousand short tons. _ 34,560 118,698 “28,500 *105,400 35,582 146,289 
Dimension --_--------=-- do... 29 1,909 e29 €1,895 20 2,839 
Tal a cee do____ 111 5,855 85 1,699 71 1,289 
Combined value of asbestos, calcium chloride, 
carbon dioxide (1981-82), cement (masonry 
1982-83), clays (fire clay, es copper, feld. 
spar, iron ore, lead, esium com- 
pounds, molybdenum (1981 2), potassium 
ts, pyrophyllite (1981), rare-earth metal 
concentrate, salt, sodium carbonate, sodi- 
um sulfate, tungsten ore and concentrate, 
wollastonite, zinc (1981), and values indi- 
cated by symbol W______________~- XX 446,310 XX T293,851 XX 340,069 
ROU E — T —X XX 1,973,716 XX 1,611,014 XX 1,764,401 
COLORADO 
Clays mum thousand short tons. .. 216 $1,734 201 $1,124 459 $2,650 
Copper (recoverable content of ores, etc.) 
metric tons. _ W W 515 1922 W W 
Gem stones ——-----------—--———- NA 80 NA 80 NA 80 
Gold (recoverable content of ores, etc.) 
troy ounces. . 51,069 23,473 64,584 24,278 63,063 26,139 
Gypsum- ------- thousand short tons. _ 203 2,346 184 1,571 W 
Lead (recoverable content of ores, etc.) 
metric Long _ 11,431 9,207 W W W W 
deene EEN thousand pounds. . 73,615 636,037 41,691 360,626 14,244 51,850 
Pent. thousand short tons. .. 33 299 47 275 W W 
Sand and gravel: 
Construction... do. ...  *23,500 e73,300 — 718,590 T58,465 “21,200 *81,600 
Industrial `, do. ...- W W 222 3,266 212 3,233 
Silver (recoverable content of ores, etc.) 
thousand troy ounces. . 3,009 31,650 1,934 15,378 2,146 24,546 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


Mineral 


1981 


1982 


1983 


ouam, Vole ga, | Value "ou, Value 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 


COLORADO —Continued 
Stone: 
Crushed______ thousand short tons_ _ 6,969 $24,083 “6,900 ©$27,800 6,790 $22,749 
Dimension _____________ — do. — 1 64 e1 *64 1 86 
Combined value of beryllium concentrate 
(1982), carbon dioxide (1981-82), cement, 
iron ore, lime, perlite, pyrites (1981-82), salt 
(1981-82), tin (1981-82), tungsten ore and 
concentrate, vanadium, zinc, and values 
indicated by symbol W ____________ XX 164,493 XX 142,049 XX 124,119 
Totale t epo cisci el XX 966,766 XX 635,898 XX 331,652 
CONNECTICUT 
Clays ` thousand short tons. _ 73 $391 56 $329 86 $515 
Lime uuo oe a do... 16 1,190 8 568 5 400 
Sand and gravel: 
Construction. ___________~- do... €6,500 €15,400 "4,887 116,237 €5,000 €17,900 
Industrial -_____________ do — W W 80 1,746 W W 
Stone: 
ës 5.06.6 Soe do. 6,837 36,745 “6,100 €32,700 7,692 45,890 
Dimension ______________ do... 19 910 e20 *1,046 18 1,028 
Combined value of EE r, gem stones, mica 
(scrap), and values indicated by symbol W _ XX 3,985 XX 3,299 XX 5,480 
Total. cia e rs Lar XX 58,621 XX 755,925 XX 71,213 
DELAWARE 
Sand and gravel (construction) 
thousand short tons. _ €1,205 €$2,959 1,300 $3,197 “1,400 €$3,200 
Totäl ===. Se cir XX 2,959 XX 3,197 XX 3,200 
FLORIDA 
Cement 
Masonry --.-- thousand short tons. _ 288 $20,757 231 $16,267 313 $19,557 
Portland -_-__-______._._.. do__-_- 3,518 ; 2,651 136,190 3,329 164,048 
leede do. --- 731 235,319 672 ` 231,339 684 31,566 
Gem stones _ NA 6 NA 6 NA 6 
Lime ----_--.- thousand short tons_ 191 11,343 103 5,828 W 13,881 
A mL emu do... 157 2,885 120 1,575 114 ,999 
Sand and gravel: 
Construction... do ... °14,910 *30,600 138,616 730,081 €14,900 *31,500 
Industrial `. do... 349 4,419 341 4,257 329 3,447 
Stone (crushed) |... do_ 65,067 226,192 “53,100 “182,300 57,282 235,700 
Combined value of clays (kaolin, 1981-82), 
magnesium com pouner phosphate rock, 
rare-earth metal concentrate, staurolite, 
titanium concentrates (ilmenite and rutile), 
and zircon concentrates____________ XX 1,197,304 XX 815,155 XX 113,215 
¿Y et cei mu PE LT XX 1,721,889 XX 71,222,998 XX 1,274,979 
GEORGIA 
Cement: 
Masonry `...  — thousand short tons. _ 89 $4,392 W W W W 
Portland _____________- do. — 1,150 45,423 W W W W 
QUI; oy us miss asa do-- 8,029 553,726 6,773 $475,768 7,859 $560,005 
Gem stones- ___________---__--- NA NA NA 20 
Sand and gravel: 
Construction... thousand short tons. _ €3,364 *8,308 3,166 8,361 €3,800 *9,400 
Industrial ___________._._ do. --- 541 6,793 539 7,298 
Stone: 
hedo== sio ae Ses do. _-- 35,730 153,751 “34,800 €153,500 41,100 186,192 
inb EA AO PME doc. 268 17,894 271 *18,510 198 21,672 
TNC r.c. A e BEES 26 182 20 141 14 101 
Combined value of barite, bauxite, feldspar, 
iron oxide pigments (crude), kyanite, mica 
(scrap), peat, and values indicated by sym- 
DOE W 2.2 ae Sais Ena tol XX 17,067 XX 54,880 XX 65,536 
Total: c duoc c UE XX 800,763 XX 717,978 XX 850,224 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production’ in the United States, by State —Continued 


Mineral 

Cement 

Masonry -....- thousand short tons. . 

Portland ______________~_ o Ll 
Sand and gravel (construction) _ do... 
Stone: 

Crushed. o do... 

Dimension _____________~— do... 


BOES 


Antimony ore and concentrate, antimony 
Content... short tons. .. 
Clays _________ thousand short tons. _ 
Copper (recoverable content of ores, etc.) 
metric tons. — 


Lead (recoverable content of ores, etc.) 
metric tons. — 


Lime ........- thousand Short tons. _ 
Phosphate rock __ thousand metric tons. _ 
Sand and gravel (construction) 


thousand short ong _ 

Silver (recoverable content of ores, etc.) 
thousand troy ounces. . 
Stone (crushed) ...... thousand short tons. _ 


Combined value d cement, garnet (abra- 
sives), gold, m, perlite, pumice, sand 
and gravel (in asiri stone (dimension), 
tungsten ore ‘and concentrate, vanadium, 
zinc, and values indicated by symbol W .- 


Clam 2l ceo eg do_ ___ 
Gemstones. ----—------------—-—- 
ST 25s etd thousand short tons. _ 
Sand and gravel: 
Construction- —--—------—- do____ 
Industrial ___________._._. do... 
Stone: 
Crushed_ o do... 
Dimension E EAE o EN do. ... 


Otel oo ei hi es ee ee un 

Cement 

Masonry ....- thousand short tons. _ 

Portland _____________~_~- O22 
LEIT PA IA E do... 
Gemstones... 22-22 2222222 
Deet thousand short tons. _ 
Sand and gravel: 

Construction- —----------- do____ 

Industrial _____________~_ do... 
Stone: 

Crüshed ee do... 

Dimension _________~____~— do... 


See footnotes at end of table. 


HAWAII 
10 $807 
302 23.024 
€459 €1,198 
6,036 31,403 
3) 4 
XX 589 
XX 57,025 

IDAHO 

432 W 
26 $288 
4,245 7,966 
NA 15 
38,397 30,923 
W W 
5,361 108,964 
*3,063 e7 329 
16,546 174,033 
1,437 6,206 
XX 89,093 
XX 424,877 

ILLINOIS 
1,574 $61,536 
322 1,540 
NA 15 
46 1,502 
€25,150 *68,970 
4,646 49,186 
44,159 165,218 
85 
XX 79,434 
XX 427,486 

INDIANA 
252 $10,972 
1,538 59,344 
691 1,602 
NA 1 
105 3,140 
*15,870 *41,330 
257 1,179 
25,349 79,910 
- 145 13,672 


3,074 
NA 


1982 


388 
46,889 


164,810 
"300,078 


$78,444 
2,305 
15 

W 


59,149 
45,665 


“148,300 
“98 


55,618 
389,594 


W 
$58,055 
E 


72,243 
34,579 
W 


€65,500 
€13,337 


i Value Value i Value 
Quantity (thousands) QUAntity (thousands) QUAntity (thousands) 


W 

$91 
6,000 
100 
12,296 
1,686 
*9,800 


202,308 
1,480 


169,318 
415,079 


dide 
1,973 
“37,900 
W 


82,782 
11,015 
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Table 5.—Nonfuel mineral production’ in the United States, by State —Continued 


1981 1982 1983 


Mineral Value 


Value Value ; 
Quantity (thousands) QUAntity (thousands) QUAntity (thousands) 


INDIANA—Continued 
Combined value of abrasives (natural), clays 
(fire clay, 1983), gypsum, lime, and values 
indicated by symbol W ____________ XX $40,212 XX $40,199 XX $115,450 
ar nel IÓ XX 251,362 XX 215,135 XX 250,542 
IOWA 
Cement 
Masonry ----- thousand short tons. _ 41 $3,227 W W 37 $3,425 
Portland `. ------------- do. --- 1,779 92,099 1,622 $82,225 1,644 87,836 
DEE do____ 476 ,375 437 ,392 576 3,258 
Gem stoneg —-—-------------—-—- NA 1 NA 1 NA 1 
ypsum-------- thousand short tons. _ 1,383 12,706 1,177 11,345 1,612 13,518 
¡RARA e A o ni 10 453 W W W W 
Sand and gravel (construction) - - do... 10,330 *29,080 10,064 25,618  *11,800 *32,800 
Stone (crushed) |... do__-- 22,424 82,891 €22,600 "88 800 24,844 101,097 
Combined value of lime, sand and gravel 
(industrial, 1981-82), stone (dimension), and 
values indicated by symbol W ______.-_ XX 6,559 XX 8,256 XX 5,425 
o WEE XX 229,391 XX 218,637 XX 247,360 
KANSAS 
Cement 
Masonry -_--- thousand short tons. _ 51 $2,835 46 $2,628 W W 
Portland ______________ _ o e 1,641 81,792 1,549 79,558 W W 
Klee, oa e os al do — 915 4,756 664 3,656 718 $3,921 
Gemstones. -------------------- NA 1 NA 1 NA 1 
Helium 
Crude_________ million cubic feet_ _ W W iux Ke, 188 3,572 
Grade A ~_~____~______ e A W W 790 26,860 T15 21,125 
Salt? thousand short tons. _ 1,410 60,148 71,601 772,146 1,719 67,195 
Sand and gravel: 
Construction- - - ---------- do °10,500 €21,000 9,720 20,012 — ?12,400 *26,600 
" Industrial ______________ do... W W 331 3,635 199 2,184 
tone 
Crushed): scan do. --- 14,143 45,738 €14,400 “41,100 12,192 44,540 
Dimension _____________- do- 14 605 “11 395 W 
Combined value of gypsum, lime, pumice, salt 
(brine), and values indicated by symbol W _ XX 32,185 XX 5,745 XX 91,866 
MOU EE XX 249,060 XX 7256,336 XX 267,004 
KENTUCKY 
Clays?_______-_ thousand short tons. _ 490 $2,395 519 $2,039 669 $2,142 
Gem stones_ ------------------—- NA 1 NA l NA 1 
Sand and gravel: 
Construction. ... thousand short tons. _ €6,939 *16,070 6,499 15,936 €5,500 €13,000 
Industrial `. do____ W 247 7 116 10 124 
Stone (crushed) ____________- do- - 32,433 108,257 £29,500 €104,300 33,399 117,842 
Combined value of cement, clays (ball clay, 
fire clay, 1983), lime, and zinc _______ _ XX 81,559 XX 84,555 XX 91,408 
WK EEN XX 208,529 XX 206,947 XX 224,517 
LOUISIANA 
Clays _________ thousand short tons. _ 2380 296,338 326 256,216 2505 $10,793 
Gemstones. - - - - - -----------—--— NA 1 NA 1 NA 1 
EE thousand short tons_ _ 12,565 114,476 "12,171 117,569 11,544 100,936 
Sand and gravel: 
Construction... do. *17,240 *53,550 16,558 . 50,966 €14,200 *46,600 
Industrial ` doc -— 293 4026 - 378 4,590 291 4,252 
Stone (crushed) . do- --- W W W W 5,758 25,702 
Sulfur (Frasch) __ thousand metric tons. _ 2,235 W 1,239 W 1,643 
Combined value of cement, clays (bentonite, 
1981-82), gypsum, lime, and values indi- 
cated by symbol W______________~_ XX 388,005 XX 238,325 XX 258,477 
AAA EA XX 566,396 XX 417,667 XX 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


1981 1982 1983 
Mineral "accu. Value pa... Value aa Value. 
Quantity (thousands) QUantity (thousands) Quantity (thousands) 
MAINE 
Clays ________~_ thousand short tons_ 57 $166 37 $76 43 $93 
Pertusa pu eR O W W rg r508 W W 
Sand and gravel (construction) _ ___do_ _ _ _ €7,500 €19,400 6,701 15,118 €4,800 €12,100 
Stone (crushed) --—---------- do ... 1,375 5,532 *1,200 €4,000 848 2,851 
Combined value of other nonmetals and val- 
ues indicated by symbol W _________._ XX 18,271 XX "15,723 XX 11,319 
Total outer E aa XX 43,369 XX 135,425 XX 26,363 
MARYLAND 
Clays?_________ thousand short tons. _ 597 $1,984 405 $1,346 484 $1,747 
Gem stones ----------------———- NA 2 NA 2 NA 2 
Lime `. thousand short tons. _ 9 441 7 396 7 383 
¡A A o. W W r4 W 4 W 
Sana and gravel (construction) _ _ _ _do_ _ _ — *9,500 *31,800 9,720 32,386 — 910,600 €37,800 
tone s 
Crushed. -------------——- do 222 16,485 74,289 — *15,100 913,500 19,284 80,429 
Dimension ______________ do- ___ 34 1,002 e32 €1,001 12 682 
Combined value of cement, gek? (ball clay), 
and values indicated by symbol W o XX 65,937 XX 762,891 XX 78,366 
Tota) EE XX 175,455 XX T171,522 XX 199,409 
MASSACHUSETTS 
Clays _________ thousand short tons. _ 259 $1,322 210 $1,115 237 $1,298 
Lime AAA Sl e. do... 110 10,793 135 9.414 156 10,671 
Sand and gravel: 
Construction- - - ---------—-—- do ... °12,500 *31,300 12,003 84,438 €10,400 *36,200 
" Industrial -__________.___ do... 87 W 140 1,615 W 
tone 
Crushed 222622 do. 7,997 41,037 €6,900 €33,500 7,740 36,002 
Dimension ______________ do --- 50 8,616 e51 €9,158 51 10,488 
Combined value of gem stones, peat, and 
values indicated by symbol W ________ XX 1,669 XX 62 XX 1,016 
EEN XX 94,737 XX 89,302 XX 95,675 
MICHIGAN 
Cement 
Masonry ....— thousand short tons... 173 $10,584 136 $8,752 W W 
Portland `... do... 3,871 180,641 3,254 149,533 W W 
Clays DL 0 nou 1,610 5,862 1,022 4,370 1,199 $5,693 
Gem stones- ~~~ ~___ NA 15 NA 15 NA 15 
Gypsum. __----- thousand short tons. _ 1,066 6,762 682 5,150 1,097 8,104 
Iron ore (usable)... ` — thousand long tons, 
gross weight, _ 14,193 W W W 10,713 
Lime ` thousand short tons. _ 807 36,800 571 26,823 503 23,142 
Pent... 2: ere do... 237 4,540 241 4,917 215 4,286 
Salt sees o E Ola 2,321 103,293 2,002 106 .303 1,355 93,306 
Sand and gravel: 
Construction- - - ---------- do €28,00 *68,050 20,567 41,126 923,000 €52,300 
- Industrial ______-_._._.-._-... do 4,393 29,787 2,920 21,934 3,545 27,577 
tone: 
a See do... 30,013 94,324  *20,700 *67,100 24,163 82,152 
Dimension -_-_---------..- do... 6 129 e *110 4 112 
Combined value of bromine, calcium chloride, 
copper (1981-82), iodine, iron oxide pi, 
ments (crude), magnesium compounds, si 
ver (1981-82), and values indicated by sym- 
bol Wc venere i ee XX 899,618 XX T592,451 XX 864,004 
Tod]. tons itr iue XX 1,440,405 XX 71,085,184 XX 1,160,691 
MINNESOTA 
Clays --------- thousand short tons. _ 84 $1,077 W W W W 
Gem stones ——--—-------------—-——- NA 5 NA $5 NA $5 
Iron ore (usable)_ ` ` — thousand long tons, 
gross weight. _ 50,176 2,062,118 23,715 1,021,056 30,699 1,342,455 
Lime 2: thousand short tons. _ 155 3,818 133 ,694 W W 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


Mineral 


Se teh A short tons _ 


Peat__________ thousand short tons. _ 
Sand and gravel: 
Construction___________.__ do____ 
Industrial ______________ do ... 
Stone: 
Crushed________________ do ... 
Dimension _____________~_ e Le SE 


tele E 
Clays --------- thousand short tons... 
Sand and gravel (construction) _ - do. — 
Stone (crushed) ____________~_ do... 


Combined value of cement, sand and gravel 
ee and values indicated by symbol 


ee co eee ce hi ee ao eg 
Barite_________ thousand short tons_ 
Cement: 
Masonry ------------—-—- do __ 
Portland -------------—- do____ 
Clays ` A do___-_ 


Copper (recoverable content of ores, etc.) 
metric tons. _ 
Gem stones --—-—------------—-—-——- 
Iron ore | thousand long tons. _ 
Lead (recoverable content of ores, etc.) 
metric tons. _ 


Sand and gravel: 
Construction... . thousand short tons_ _ 
Industrial ______________ do____ 


Silver (recoverable content of ores, etc.) 
thousand troy ounces. _ 
Stone (crushed) ___ thousand short tons_ _ 
Zinc (recoverable content of ores, etc.) 
metric tons. . 


Combined value of clays (fuller's earth, 1982), 
iron oxide pigments (crude), lime, stone 
amen, and values indicated by sym- 


AA t rfe LAE 
Antimony ____________~- short tons_ _ 
Barite. | thousand short tons. _ 
Clays MEET PE do- es 


Copper (recoverable content of ores, etc.) 

metric tons. _ 
Gem stones- ooo 
Gold (recoverable content of ores, etc.) 

troy ounces_ — 
Lead (recoverable content of ores, etc.) 

metric tons. . 
Lime thousand short tons- 
Sand and gravel (construction) _ _ _ _do_ _ _ _ 
Silver (recoverable content of ores, etc.) 

thousand troy ounces. _ 


See footnotes at end of table. 


1981 


MINNESOTA—Continued 


139,571 W 
25 $940 
€23,950 €49,770 
W W 
6,995 18,438 
41 14,298 
XX 4,297 
XX 2,154,761 
MISSISSIPPI 
1,218 $23,309 
*10,480 €29,260 
W W 
XX 39,682 
XX 92,251 
MISSOURI 
185 $9,725 
103 5,495 
3,732 168,567 
1,747 18,414 
8,411 15,783 
NA 10 
W W 
389,721 313,870 
€7,500 €16,900 
178 8,602 
1,837 19,322 
40,910 116,297 
52,904 51,966 
XX 130,317 
XX 875,268 
MONTANA 
214 W 
W W 
601 $23,111 
62,485 117,257 
NA 100 
54,267 24,943 
194 157 
194 7,621 
€5,640 €12,910 
2,989 31,437 


20,276 


16,307 
W 


694 


€7,100 
e40 


XX 
XX 


805 
9,455 
W 


474,460 


6,359 
750 


2,241 
“38,600 


63,680 


XX 
XX 


209 
W 
2218 


"64,951 
NA 


75,171 


1982 


W 
W 


$44,222 
5,903 


“20,900 
*11,940 


1,406 


1,110,126 


$21,181 
21,115 


$5,703 
4,855 
120,339 
213,409 
712,745 
10 

W 
261,150 


14,477 
8,997 


17,817 
“113,300 


54,009 


100,698 
"733,509 


W 
w 
2$8,064 


104,245 
225 


28,258 
372 
2,331 
12,794 


49,041 


11,314 
W 
€24,600 
685 


8,580 
28 


XX 
XX 


409,280 


€7,700 
600 


2,021 
39,454 


57,044 
XX 
XX 


253 
10 
194 


33,337 
NA 


161,436 
1,163 
86 
“5,000 


9,108 


1983 


Value ; Value ; Value 
Quantity (thousands) Quantity (thousands) Quantity . (thousands) 


W 
W 


“$53,000 
12,932 


25,320 
11,365 


9,953 


1,455,030 


$23,846 
“34,600 
4,377 
26,882 


89,705 


W 
$7,339 
157,249 
211,848 
13,033 
10 
27,054 
195,620 


€17,700 
7,541 


23,124 
120,700 


52,052 


92,539 
125,809 


W 
$750 
6,205 


56,245 
300 


68,449 
556 

W 
€10,200 
65,299 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


See footnotes at end of table. 


1981 1982 1983 
Quantity . (thousands) Quantity (thousands) Quantity (thousands) 
MONTANA—Continued 
Stone (crushed) ___ thousand short tons. _ 1,582 $5,137 €1,400 *$4,700 872 $2,344 
. Zinc (recoverable content of ores, etc.) 
metric tons. . 25 24 W W e NE 
Combined value of cement, clays (fire clay, 
1982), graphite (1982-83), gypsum, iron ore, 
molybdenum (1983), peat, phosphate rock, 
sand and gravel (industrial), stone (dimen- 
sion), talc, tungsten ore and concentrate 
(1981-82), vermiculite, and values indicated | 
by symbol W ------------------ XX 80,384 XX 60,723 XX * 82,947 
Ke WEE XX 303,081 XX *270,753 XX 293,295 
NEBRASKA 
Clays _________ thousand short tons. _ 136 $409 134 $392 164 $501 
Gemstones... LL LLL LLL Llc Lr NA W NA W NA W 
Sand and gravel: 
Construction. .. thousand short tons__ $11,770 €28,310 "9,731 "23,851 “10,100 €25,000 
Industrial -____________-_ do ` 19 144 14 105 4 W 
Stone (crushed) |... do ___ 3,139 14,024 €3,100 €14,300 5,641 30,047 
Combined value of cement, lime, and values 
indicated by symbol W __________.__ XX 36,718 XX 36,632 XX 39,296 
Total EE XX 79,605 XX 715,280 XX 94,844 
NEVADA 
Barite.. thousand short tons. _ 2,482 $79,716 1,575 $52,727 663 $21.736 
SE scoot ra et ee  E he (o RE 73 948 103 ; 58 2,948 
Gem stones___________________-~- NA 1,000 NA . 1,200 NA 1,200 
Gold (recoverable content of ores, etc.) 
troy ounces__ 524,802 241,220 "757,099 "284,601 920,331 390,220 
Gypsum_______-_ thousand short ons. ` 778 6,914 656 . 4,523 998 : 
Iron ore- -------- thousand long tons. - 99 1,490 77 1,119 W 
Lead (recoverable content of ores, etc.) . 
metric tons. — W W W 14 7 
Mercury `... 76-pound flasks_ _ 27,819 11,514 25,760 W 25,070 W 
Sand and gravel (construction) 
thousand short tons. _ €7,065 €15,770 6,027 11,724 €7,500 €16,200 
Silver (recoverable content of ores, etc.) 
thousand troy ounces. . 3,039 31,970 3,142 24,981 5,164 59,073 
Stone (crushed) __— thousand short ons _ 1,343 5,664 “1,300 “4,500 1,269 5,358 
Zinc (recoverable content of ores, etc.) 
metric tons. _ W W iet SE em ka 
Combined value of cement (portland), copper, 
diatomite, fluorspar, lime, lithium, magne- 
site, molybdenum (1982-83), perlite, salt, 
sand and gravel (industrial), tungsten ore 
and concentrate (1981-82), and values indi- 
cated by symbol W______________- XX 108,453 XX 144,448 XX 111,747 
Ke EE XX 506,659 XX "532,463 XX 615,785 
NEW HAMPSHIRE 
Sand and gravel (construction) 
" thousand short tons. _ *4,528 €$12,990 4,832 $12,593 *4,000 *$12,100 
tone: 
Crushed: -es deal do... 665 2,599 *600 €3,100 946 2,853 
Dimension -_-_----------- dou 89 6,889 *107 $7,500 58 4,032 
Combined value of other nonmetals |... XX 122 XX 101 XX 101 
(nc ——— "——— — abr XX 22,600 XX 23,294 XX 19,086 
NEW JERSEY 
Clays --------- thousand short tons. _ 62 $563 63 $566 62 $596 
Gem stones- ______.~____________- NA 1 NA 1 NA 1 
¡AA thousand short tons. _ 26 1,476 W W W W 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


Mineral 
Sand and gravel: 
Construction. ... thousand short tons. — 
Industrial . ..........- do... 
Stone (crushed) |... do ___ 
Zinc (recoverable content of ores, etc.) 
metric tons_ _ 


Combined value of iron ore (1981), magne- 


sium compounds, marl (greensand), stone 


(dimension), titanium concentrate (ilmen- 
n ee and values indicated by sym- 


Clays -------.- thousand short tons. _ 
Copper (recoverable content of ores, etc.) 
metric tons. _ 
Gem gtones LLL LL LLL LLL LL 
Gold (recoverable content of ores, etc.) 
troy ounces. . 
Gypsum- ------- thousand short tons. _ 


ypsum 
Lead (recoverable content of ores, etc.) 
metric tons. _ 
Lime thousand short tons. .. 
Manganiferous ore (5% to 35% Mn) 
short tons... 
Perlite thousand short tons. . 
Potassium salts __ thousand metric tons. _ 
Pumice _______~_ thousand short Gong _ 
Sand and gravel- _ 
Silver (recoverable content of ores, etc.) 
thousand troy ounces. _ 


Stone: 
Crushed_ _____ 
Dimension -_-___-__-____._._-_ d 

Combined value of carbon dioxide (1981-82), 
cement, clays (fire clay Geer helium 
(Grade-A), mica (scrap), molybdenum, salt, 
sand and gravel (in Së 1982), vana- 
dium (1981) 2 zinc (1981), and values indi- 
cated by symbol W 


TOUR uu s eve ote erdum 
Clays?_-------- thousand short tons. - 
Gem stones_ ____________________ 
Lead (recoverable content of ores, etc.) 

metric Long _ 

Peat_.________ thousand short tons. .. 

Sall. ct oe i ee do- 
Sand and gravel: 

Construction... do 

Industrial ` .- do 


Silver (recoverable content of ores, etc.) 
thousand troy ounces. _ 


Stone: 
Crushed_ _ _ __ — thousand short (ong _ 
Dimension `. .— do____ 


Zinc (recoverable content of ores, etc.) 
metric tons. . 


Combined value of cement, clays (ball clay), 
emery, garnet (abrasive), gypsum, iron ore 
(1981-82), lime, talc, titanium concentrate 
(ilmenite), wollastonite, and values indi- 
cated by symbol W 


See footnotes at end of table. 


1981 


NEW JERSEY —Continued 
€9,756  *$26,050 
2,305 26,438 
10,434 51,819 
16,198 15911 
XX 20,404 
XX 148,662 
NEW MEXICO 
264 2$119 
154,114 289,204 
NA 200 
65,749 30,221 
166 2,256 
W W 
W W 
12,741 W 
489 14,983 
1,601 261,200 
93 919 
€6,496 €19,780 
1,632 17,170 
4,162 12,485 
26 173 
XX 47,697 
XX 696,407 
NEW YORK 
597 $2,310 
NA 30 
968 780 
39 811 
5,597 103,668 
€18,280 €45,560 
55 W 
29 303 
30,681 117,689 
21 2,291 
36,889 36,235 
XX 171,554 
XX 481,231 


7,940 
2,140 
*10,700 


16,800 


emis: 


352 
NA 


71,065 
W 
6,205 
717,338 
45 

21 


“28,700 
e22 


52,237 


XX 
XX 


1982 


$25,722 
,151 
57,800 


14,248 


5,922 
132,410 


29112 
W 
200 


W 
887 


171,432 
"429,300 


$897 
30 
"600 


W 
117,718 


"46,871 
512 


"216 


“132,800 
*2,293 


744,303 


155,959 
"502,199 


Quantity om Quantity Die Quantity w 


*10,800 
2,386 
12,301 


16,475 


371 


1,299 
18 
4,859 
€18,700 
W 


33 


32,331 
24 


56,748 


XX 
XX 


1983 


Value 


housands) 


$34,800 
31,819 
10,421 


15,033 


291,411 
517,194 


$869 
30 
621 


W 
100,119 
*54,200 

W 


379 


137,982 
4,310 


51,783 


156,351 
506,644 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


Quantity Wen Quantity bie P 


Mineral 
Clay... thousand short tons. . 
Feldspar _____________ _ short tons. . 
Gemstones. LLL L2 22 LLL 
Mica (scrap _ ~~ —— thousand short Gong _ 
Sand and gravel: 

Construction... do. 

Industrial `. do... 
Stone: 

Crushed- EE do.... 

Dimension ______________ do... 
Talc and pyrophyllite |... do... 


Combined value of cement, clays (kaolin), 
lithium compounds, olivine, peat (1982-83), 
phosphate rock, and talc (1981) . 


TOCA WEE 
Gemstones. oo ooo 
Lime `, thousand short tons. _ 
A AA e ete do... 
Sand and gravel (construction) . _ _ _do_ ~~ — 


Combined value of clays, salt, and values 
indicated by sym 


DOUG -2 22 ee es 
Cement 
Masonry —  — thousand short tons. .. 
Portland ______________~_ o cs 
ne EE e EEN 
EE 0- 
Line DEE do... 
pal. cu O do. .... 
polo e c Ac e tte A ets do... 
Sand and gravel: 
Construction_ -----------—- do____ 
Industria] ` —---- do____ 
Stone: 
Crüshed.. cima Se do____ 
Dimension |... .......- do... 
Combined value of abrasives, gem stones, and 
values indicated by symbol W |... 
Total. uc conosce doo. 
Cement 
Masonry `. .  — thousand short tons. _ 
Portland cum 02525 
CIBVE xn ee e do- __— 
Gemstones. ________~_~_ ~~ ~~~ 
umo. es thousand short tons. .. 
Helium 
Grade A ......- million cubic feet_ _ 
Crude iu eee eise cc 
Pumice `... thousand short tons. _ 
Sand and gravel: 
Construction... do --— 
Industrial ` do... 
Stone: 
Crushed. oi do... 
Dimension . do. -..- 


Combined value of feldspar, iodine, lime, salt, 
tripoli, and values indicated by symbol W _ 


See footnotes at end of table. 


; Value 
Quantity (thousands) 
NORTH CAROLINA 
2,110 $6,838 
462,864 13,517 
NA 50 
92 6,398 
€6,294 €18,330 
1,236 10,440 
28,833 117,092 
30 
5104 5825 
XX T256,997 
XX T433,260 
NORTH DAKOTA 
NA $2 
W W 
W 36 
*3,000 *6,500 
XX 8,310 
XX 14,848 
OHIO 
105 $7,129 
1,461 69,517 
2,217 10,411 
148 1,566 
2,161 127,751 
10 19 
3,608 90,254 
€32,240 €95,570 
1,487 20,893 
36,950 125,588 
W 
XX 3,290 
XX 552,160 
OKLAHOMA 
W W 
W W 
838 $2,064 
NA 2 
1,171 9,870 
49 1,274 
22 264 
1 W 
*9,000 €21,700 
1,500 14,317 
29,930 83,407 
18 738 
XX 100,876 
XX 234,512 


1,573 
428,755 
NA 

67 


5,198 
716 


€27,500 


€30 
83 


XX 


"26,160 
1,223 


“30,300 
W 


XX 
XX 


$5,243 
12,255 
50 


4,793 


15,395 


- 4,878 
€117,600 
€2,814 
1,266 
135,142 


"299,436 


"83,015 
17,816 


“105,200 
W 


3,240 
449,560 


17,733 
13,114 


“84,200 
“968 


97,031 
225,044 


$6,681 
13,610 
50 


4,266 © 


“16,900 
11,689 


145,602 


1,452 


190,641 
399,158 


$2 
6,798 
W 


*15,000 
3,910 
25,370 


$7,454 
71,599 
8,061 
W 
84,928 
W 
85,988 


*84,600 
17,848 


114,059 
2,923 


1,684 
419,144 
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Table 5.—Nonfuel mineral production’ in the United States, by State —Continued 


Mineral 


1981 


1982 


1983 


Value Value i Value 
Quantity (thousands) QUAntity (thousands) Quantity (thousands) 


OREGON 
Clays lx thousand short tons. _ 176 $300 149 $212 188 $275 
Gem stones ___________~_~________ NA 600 NA NA 600 
Gold (recoverable content of ores, etc.) 
troy ounces. . 2,830 1,301 W W 322 137 
Nickel (content of ores and concentrates) 
short tons. . 12,099 W 8,203 R ant 
Sand and gravel (construction)... do... €12,000 *35,100 9,513 30,629  *11,000 €37,000 
Silver (recoverable content of ores, etc.) | 
thousand troy ounces. _ 7 79 ene 2 1 10 
Stone: 
Crushed_ _ _ _ __ thousand short Long - 16,482 46,055 “14,200 €41,900 13,089 39,876 
Dimension _____________~_ do... (3) 5 e(3) e5 W W 
Talc and soapstone __________~_ do_ _ — W W (3) 82 (3) 123 
Combined value of cement, copper (1981 and 
1983), diatomite, lead (1981 and 1983), lime, 
pumice, sand and gravel (industrial 1983), 
and values indicated by symbol W_____- XX 56,107 XX 794,516 XX 32,922 
Total- a ee XX 139,547 XX 107,844 XX 110,943 
PENNSYLVANIA 
Cement 
Masonry ....- thousand short tons. _ 293 $14,799 256 $14,048 262 $17,095 
Portland ` do____ 5,150 215,883 4,800 212,945 5,154 218,539 
AAA A do... 1,246 7,497 931 5,616 916 4,311 
Gem stones LLL LLL oo NA 5 NA 5 NA 5 
Lime `. thousand short tons... 1,690 85,418 1,297 70,902 1,507 81,682 
em (scrap) eui esc ee do_ _ — 3 134 W W W W 
HESPERIA ERROR do. --- 25 647 27 669 22 628 
Sand and gravel: 
Construction. ___________- do____.  £*14,000 €61,100 13,081 55,527 “11,800 *52,000 
Industrial ` do... W W 969 13,589 W 
Stone: 
Crushed________________ do ___ 53,258 207,821 €50,400 €200,900 51,523 226,948 
Dimension - -----------——- do... 51 7,193 *48 *6,354 53 5,799 
TIPO e ens short tons. . 1,263 W W W A E d 
Zinc (recoverable content of ores, etc.) 
metric tons. _ 24,132 24,293 24,162 21,001 16,792 15,322 
Combined value of clays (kaolin) and values 
indicated by symbo bol W ODORE EE XX 13,966 XX 71,094 XX 12,812 
OUR cn as ie i ret Cerere cn XX 638,756 XX 602,650 XX 635,141 
RHODE ISLAND 
Sand and gravel: 
Construction. ... thousand short tons. _ *1,332 *$3,985 1,146 $3,671 *1,000 ©$2,400 
Industrial -_____________ OE ori W W 5 52 ae e 
Stone (crushed) __-___________ do_ _ — 141 1,116 *130 *1,100 971 5,507 
Combined value of other nonmetals and val- 
ue indicated by symbol W. |... XX 63 XX 18 XX 23 
Total o Re XX 5,164 XX 4,841 XX 7,930 
SOUTH CAROLINA 
Cement, portland __ thousand short tons. _ 1,765 $79,407 1,624 $66,385 W W 
Clayton do. 1,632 28,600 1,535 28,166 1,813 $34,830 
Gemstones. --—----------------—- NA 10 NA 10 NA 10 
Manganiferous ore _ thousand short tons. _ T22 W 15 W 22 W 
Pest... — Lue do... ees SE 5 W W W 
Sand and gravel: 
Construction... do ... *5,131 *13,240 4,121 13,170 €5,200 €15,000 
Š Industrial ______________ do____ 803 10,531 720 10,902 842 13,169 
tone: 
Crushed_ - ------------—-- do____ 14,825 49,830 €14,000 “53,000 15,786 61,054 
Dimension -—---------—-—- do... 18 1,109 €14 904 17 1,165 
Combined value of cement (masonry), clays 
(fuller’s earth), copper (1981), gold (1981), 
mica (scrap), silver (1981), vermiculite, and 
values indicated by symbol We eMe XX 22,989 XX 722,181 XX 105,366 
tee —————— Se XX 205,716 XX 194,718 XX 230,594 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production’ in the United States, by State —Continued 


| 1982 . 1983 
Mineral uM Mua er E a. 
Quantity (thousands) QUAntity thousands) Quantity (thousands) 
SOUTH DAKOTA 
Cement 
Masonry -.--- thousand short tons. — 6 $454 4 $383 4 $359 
Portland --.------------ do... 450 23,290 520 27,978 608 37,435 
IT o as a ada do...- 116 209 128 846 123 853 
Feldspar -oooooooo....- short tons. . W W W W 7,109 107 
Gem stones__________-_- ~~ NA 70 NA 70 NA 70 
Gold (recoverable content of ores, etc.) 
troy ounces.. 278,162 127,854 185,088 69,558 309,784 131,348 
Sand and gravel (construction) | 
thousand short tons. — *4,285 *9,224 8,816 8,604 95,100 *11,500 
Silver (recoverable content of ores, etc.) | 
Sía thousand troy ounces. . 56 587 26 209 62 718 
ne 
Crushed_ --.--- thousand short tons. - 2,985 9,085 22,600 97,400 8,906 12,982 
Dimension .------------- do. --- 17,548 NI *16,270 . 48 15,952 
Combined value of beryllium, clays (benton- 
ite), gypsum, lime, mica (scrap), and values 
indicated by symbol MÁ ERIN AA XX 6,882 XX 4,855 XX 11,482 
enke cs ee eek XX 194,698 XX 135,673 XX 222,251 
TENNESSEE 
Cement 
Masonry -—.--. thousand short tons. . 66 E W W W W 
Portland -----ooocooo.o.o.. onc 974 9,878 768 $36,689 W W 
Clays ome RE onc 1,047 28,184 766 20,107 1,066 $26,516 
Gem stones- AA NA 5 NA 5 NA 5 
Phos hate rock .. thousand metric tons. - 1,828 16,201 897 11,596 1,193 28,879 
Sand and gravel: 
Construction... - thousand short tons. - 8,830 24,180 5,051 15,917 6,100 18,700 
Bier E do. --- 1,142 5,610 4 ; 488 5,455 
ne: 
Crushed. - - ------------- do- - - W W W W 30,578 111,506 
Dimension --__.---.- CN do — 11 1068 |.  *10 €1,012 7 1,161 
Zinc (recoverable content of ores etc.) 
etric tons. . 117,684 115,597 121,306 102,882 109,958 100,336 
Combined value of barite, pere old (1981), 
lime, pyrites, silver, and SIE indicated 
by by symbol W BEE XX 192,822 XX "185,453 XX 114,498 
a AA i es hn n XX 421,149 XX ™878,487 XX 407,051 
TEXAS 
Cement 
Masonry ----- thousand short tons. . 229 $15,699 236 $16,440 216 $19,704 
Portland --------------- ae 10,262 567,391 9,782 545,679 9,760 534,298 
ey A ata do...- 4,172 29,185 4,198 26,497 8,955 22,515 
Gem stones- ~~ -_- - NA 200 NA 200 NA 225 
Gypsum- ------- thousand short tons. — 1,783 14,900 1,954 16,681 2,049 16,357 
elium (Grade A). ` - million cubic feet. _ 238 6,188 ' 458 15,572 524 18,340 
Lime ---.--.---- thousand short tons. — 1,393 67,158 1,125 62,217 1,067 60,193 
AA AA Oui ,997 ,240 T 421 82, 805 8,028 65,670 
Sand and gravel: 
Construction. . - - --------- do... 46,000 €150,000 45,527 154,515 “58,500 €208,000 
S Industrial -------------- do- —— 2,242 86,992 72,201 135,974 1,788 29,637 
tone: 
Crushed. - - - - ----------- do- --- 72,454 219,086 €68,000 €205,000 76,453 239,642 
Dimension - - ------------ do_ _ ~~ 42 5,543 *50 €5,822 50 11,071 
Sulfur (Frasch) - - thousand metric tons- — 3,674 W 2,360 W 2,468 W 
Talc and pyrophyllite 
thousand short tons. — 282 4,121 205 3,024 250 3,933 
Combined value of asphalt (native, 1981), 
fluorspar, helium (crude), iron ore, magne- 
sium chloride, magnesium compounds, so- 
dium sulfate, and values indicated by sym- 
bol o t muc a sd iced XX 551,751 XX ™374,912 XX 338,912 
TRO as xc coto. a c n Et. XX 1,752,410 XX 1,545,398 XX 1,568,557 


See footnotes at end of table. 
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Table 5.—Nonfuel mineral production’ in the United States, by State —Continued 


See footnotes at end of table. 


1981 1982 1983 
Mineral ; Value ! Value Value 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 
UTAH 
Clays _._______ thousand short tons. _ 290 $2,296 2183 2$994 2227 251,569 
Copper (recoverable content of ores, etc.) 
metric tons. 211,276 896,471 189,090 "303,4883 169,751 286,403 
Gem stone8- ---------------—-—— NA 80 NA 80 NA 
Gold (recoverable content of ores, etc.) 
troy ounces__ 227,706 104,663 174,940 65,762 238,459 101,107 
ypsum. -------— thousand short tons. — 8 2,105 231 2,863 805 2,736 
Iron ore (usable). . _ — - thousand long tons, 
gross weight. _ 691 W W W W W 
Lead (recoverable content of ores, etc.) 
metric tons. . 1,662 1,388 W W T X 
Lime `. thousand short tons. _ 338 16,679 286 15,121 815 16,771 
Perlite `... e e e A do. --- (3) 4 SE x W W 
GROTON CARA tc EA do. 1,072 21,775 1,227 23,210 986 23,184 
Sand and gravel: 
Construction. - - - ---------— do - €8,212 €54,550 7,579 14,920 9,800 19,800 
Industrial -...---------—- do. -.- 22 286 W W 24 W 
Silver (recoverable content of ores, etc.) 
S thousand troy ounces. — 2,883 30,321 4,342 84,522 4,561 52,242 
tone 
. Crushed... thousand short tons. — 2,840 12,157 2,500 “9,800 4,407 14,636 
Dimension _________-___-_ do... 8 280 eg 280 W 
Zinc (recoverable content of ores, etc.) 
metric tons. — 1,576 1,548 EAE zc E "-— 
Combined value of asphalt (native), beryllium 
concentrate, carbon dioxide (natural, 1981), 
cement, clays (fuller's earth, 1982-83), mag- 
nesium compounds, molybdenum, phos- 
phate rock, potassium salts, sodium sulfate, 
tungsten ore and concentrate (1981), vana- 
dium, and values indicated by symbol W.. . XX 174,729 XX 145,669 XX 188,051 
AA eiue uus XX 819,882 XX "616,204 XX 656,579 
VERMONT 
Sand and gravel (construction) 
Š thousand short tons. _ €3,196 €$7,254 3,218 $6,854 *3,000 *$6,200 
tone 
Crushed- o o -- do. --- 1,319 5,144 €1,200 €5,300 . 1,839 5,579 
Dimension -------------- do... 207 30,756 €202 €29,446 118 19,995 
Combined value of other nonmetals ____._-_ XX 10,919 XX 8,550 XX 10,355 
Re EE XX 54,073 XX 50,150 XX 42,129 
VIRGINIA 
Clays `. _ thousand short tons. _ 502 $2,016 422 $2,237 784 $5,467 
Gem stones- ~________-_ NA 20 NA 20 NA 20 
Iron oxide pigments . ~~~ ~_ short tons. — W W 1,269 372 W W 
Lead (recoverable content of ores, etc.) | 
metric tons... 1,607 1,294 — S BER a 
Lime ________- thousand short Gong _ 804 35,984 641 29,118 557 24,637 
E and gravel (construction) _ _ _ _do_ _ __ e7 109 €24,470 6,978 28,522 €7,200 €30,800 
tone: 
Crushed. _------------—- do... 37,071 152,630 €35,200 €142,300 37,959 158,724 
Dimension -------------- CEA 1,130 e4 €1,130 93 3,067 
Zinc (recoverable content of ores, etc.) 
metric tons. . .9,731 9,558 EU p "e y 
Combined value of aplite, cement, um, 
kyanite, sand and gravel (industrial), talc, 
vermiculite, and values indicated by sym- 
bol W- XX 52,178 XX 59,484 XX 66,629 
TOUR te ce Ie i ter e ars XX 279,280 XX 263,183 XX 289,844 
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Table 5.—Nonfuel mineral production! in the United States, by State —Continued 


i Value : Value ; Value 
Quantity (thousands) Quantity (thousands) Quantity (thousands) 


Mineral 

Cement 

Masonry ....- thousand short tons. _ 

Portland _______________ do... 
Clays RANDE do... 
Gem stones- ---------------—-——— 
Sand and gravel: 

Construction_ . — thousand short tons. _ 

Industrial ______________ do__ 
Silver _______-_ thousand troy ounces. _ 
Stone 

Crushed_ ` thousand short tons. _ 

Dimension ------------—-— do... 
Tal mues xai 


do_ 
Combined value of barite (1982-83), clays (fire 
clay, 1983), copper (1981-82), diatomite, 
gold, gypsum, lead (1982), lime, olivine, 
peat, tungsten ore and concentrate (1981), 
and values indicated by symbol W_ _ .. _ _ — 


TOTO Lo yest i 
Claes? thousand short tons_ 
Cy eae tee OD pee heh BE eee (o EE 
Sand and gravel (construction). _ _ _do_ _ _ — 
Stone (crushed) ____________~_ do. _ 


Combined value of cement, clays (fire clay), 
lime, sand and gravel (industrial), and 
values indicated by symbol W 


Kei CN ou ep eee REL 

Iron ore (usable)_ ___ _ thousand long tons, 

gross weight _ 

Lime `. thousand short Long _ 

EE do 
Sand and gravel: 

Construction. ___________~_ do____ 

Industrial _____________~_ do --- 

Stone: 
Crushed ___——---------——— do... 
Dimension tC oles eA do. ... 


— mee awe ei i mmm em 


Total- cus ie ce xc nua mii eer 
Clays `. thousand short tons... 
Gem stones - ------------------- 
Gypsum_-_--._--- thousand short tons. _ 
Sand and gravel (construction) _ _ - _do_ _ _ _ 
Stone (crushed) ________----- do — 


Combined value of beryllium concentrate 
(1982-83), cement (masonry, 1981, portland), 
iron ore, lead (1981), lime, sodium carbon- 
ate, and zinc (1981)_____________.__ 


“Estimated. 
applicable. 


TRevised. NA Not available. 


WASHINGTON 
15 $1,284 
1,560 00,845 
2263 21,524 
NA 200 
16,870 “42,130 
304 3,358 
67 109 
9,516 20,619 
15 2,378 
XX 30,461 
XX 208,508 
WEST VIRGINIA 
220 $502 
W W 
*651 “2,601 
7,885 28,399 
XX 56,046 
XX 87,548 
WISCONSIN 
W W 
326 $17,548 
10 535 
*18,210 34,522 
1,100 13,180 
15,189 39,962 
40 4,259 
XX 41,749 
XX 151,755 
WYOMING 
3,855 $100,926 
NA 250 
299 2,625 
“3,680: €10,120 
3,224 9,858 
XX 644,279 
XX 768,058 


W Withheld to avoid disclosing company proprietary data. 


W 
1,154 
251 
NA 


15,190 
242 

W 
8,600 


*14 
8 


XX 
XX 


W 
$15,988 
1,829 
200 


40,295 
2,809 
W 


“23,800 
2,375 
20 


*24,766 


. ¥172,082 


$583 
W 
3,392 
e22 700 
148,945 
175,620 


W 
$17,685 
W 
29,218 
9,662 
*36,100 
2,644 
716,400 
111,709 


$73,696 
250 
2,805 


10,279 
€7,300 


573,865 
668,195 


XX 


101,025 
187,465 


$532 
W 
3,400 
31,962 
62,079 
103,973 


$17,624 
W 

e28 800 
7,208 
39,896 
2.884 
4,779 
101,191 


$49,059 
250 
2,963 


*8,000 
1,169 


961,860 
629,901 


XX Not 


Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 
2Excludes certain clays; value included in “Combined value” figure. 


3Less than 1/2 unit. 


4Excludes salt in brines; value included in "Combined value" figure. 


5Excludes talc; value included in "Combined value" figure. 
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Table 6.—Mineral production’ in the islands administered by the United States 
(Thousand short tons and thousand dollars) 


1981 1982 1983 
Area and mineral - - - 
Quantity Value Quantity Value Quantity Value 
American Samoa: Stone -——-------------—- 6 127 NA NA NA NA 
Guam: Stone - ---—--------------—-——-——— 332 W NA NA 329 2,192 
Virgin Islands: Stone____________________ W W NA NA 237 2,305 


NA Not available. W Withheld to avoid disclosing company proprietary data. 
1Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 


Table 7.—Mineral production! in the Commonwealth of Puerto Rico 
(Thousand short tons and thousand dollars) 


1981 1982 
Mineral . : 
Quantity Value Quantity Value 
Cement (portland) -- ---------------- 1,226 105,420 986 81,822 
TEEN 200 414 162 298 
Dime amu eL mee Hense ues dece 34 3,884 31 1,906 
Sand and gravel ___________________ NA NA NA NA 
Stone: 

Crushed zu eee E 20,473 96,223 NA 

Dimension- -—-------------—-——-—-—- 105 2,040 NA 
Total be hee cci SA eto Sie XX 208,041 XX 84,026 


NA Not available. 
applicable. 


1983 
Quantity Value 

931 82,509 
125 251 
35 3,885 
NA NA 
5,536 26,611 

W 
XX 113,256 
XX Not 


W Withheld to avoid disclosing company proprietary data; not included in “Total.” 


Production as measured by mine shipments, sales, or marketable production (including consumption by producers). 


2T otal does not include value of items not available. 


Table 8.—U.S. exports of principal minerals and products, excluding mineral fuels 


Mineral 
METALS 

Aluminum: 
iin slabs, crude ` o sale tons_ _ 
aa AAA ANN RA EN Occ 
Plates, sheets, bars, ett. _ do____ 
Castings and forgings de EE do. 
Aluminum sulfate ________________ _ metric tons_ _ 
Other aluminum compounds |... do____ 
Antimony, metals and alloys, crude |... short tons... 


Bauxite including bauxite concentrate 
thousand metric tons.. _ 


Beryllum 222528. nt unc eiae Ene bs pounds. _ 
Bismuth, metals and alloys `. - - --------------—- do- -—— 
Cadmium metal_____________________ metric tons. _ 
Chromium: 
Ore and concentrate: 
XDOFlB o A thousand short tons. _ 
Reexports EE do ... 
Ferrochromium == Lc ecc daa e do... = 
oom (content) <a sedo thousand pounds. _ 
Cop 
Gre, concentrate, composition metal, unrefined (copper 
CONTEND) => mais rs a metric tons. . 
[p d "— e—————————— do... 
Refined copper and semimanufactures  ... — do____ 
Other copper manufactures... ~~ do... 
Ferroalloys not elsewhere listed: 
Ferrophosphorus `... short tons. _ 
deiere RE do____ 
Ore and base bullion . troy ounces. _ 
Bullion; refined 2.2.2 5 dira do_ 
Irene eet esta thousand long tons... 
Iron and steel: 
PIgIPOD. uc EE short tons. _ 
Iron and steel products (major): 
Steel mill products. |... ------------——- do- ___ 
Other steel products _____________-___-_- do. --- 


Iron and steel scrap: Ferrous scrap including rerolling 
materials, ships, boats, other vessels for scrapping 
thousand short tons. _ 


Quantity 


401,174 


596 


200,157 
54,419 
115,147 
17,591 


4,031 
4,980 


1,333,210 
1,637,184 


54,333 


1,842,313 
342,406 


6,925 


1982 


Value 
(thousands) 


$476,186 
157,666 
440,373 
41,156 


220,261 
63,484 
438,219 
32,787 


1,402 
8,481 


498,139 
590,947 
150,522 
3,784 
1,601,431 
913,111 


622,711 


Quantity 


397,608 
262,159 
178,898 
10,492 
14,094 
49,706 
304 


14 
37,477 
306,128 
170 


1,257,800 
1,881,233 


?, 


6,364 


1,198,623 
246,642 


1,192 


Value 
(thousands) 


$534,048 


18,260 


3,116 
1,965 


901,016 
825,418 
182,144 
528 
1,054,794 
553,894 


650,540 
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Table 8.—U.S. exports of principal minerals and products, excluding mineral fuels 


— Continued 
1982 1983 
Mineral e Value ; Value 
Quantity (thousands) @uantity (thousands) 
METALS —Continued 
Ore and concentrate ---oooocoooooo... metric tons. — 29,104 $10,135 20,119 $1,502 
Pigs bars, anodes, sheets, etc. — --- ------- do... 55,629 48,818 20,449 9,090 
A E E E E E do... 51,752 17,254 50,918 13,189 
Magnesium, metal and alloys, scrap, semimanufactured 
EE nec ----------------------- short tons. — 89,618 104,845 46,690 124,714 
Ore 2 and conceateata o eee ene A do. ..- 28,560 2,510 19,814 1,972 
Ferromanganese -oooocoocoocoocooooooo.... do... 10,811 1,517 8,488 5,765 
EE EE do... 2,952 1,532 6,426 1,746 
rude o. 2,948 8,861 6,891 8,531 
Molys GE 
and concentrate (molybdenum content) 
thousand pounds. . 49,788 282,214 41,068 185,122 
eg and alloys, crude and scrap a do.--- 697 2,817 577 1,860 
PET DTE: do ..- Lt 610 7,085 
Semimanufactired forms, nec... ---------- o. 190 4,762 216 ,58 
ES do... 426 ,956 896 2,787 
Ferromolybdenum EE do... 255 1,085 171 687 
ii ne See do 12,441 41,806 8,597 22,158 
c 
Alloys and scrap including unwrought metal, ingots, b bars, 
sheets, anodes, etc - ---------------- ort tons. - 49,729 257,182 38,344 154,586 
SN AAA do 2,874 19,654 8,165 18,940 
Wio AP ae LS EE docu 481 6,011 1,089 8,881 
Semifabricated forms, n.e.c -- - ------------- do... 8,945 82,248 1,865 14,420 
Platinum-group metals: 
Ore and scrap -------------------- troy ounces... 397,807 783,122 182,967 198,468 
Palladium, rhodium, iridium, osmiridium, ruthenium, 
osmium (metal and alloys including scrap) — ~~~ -— do _ 262,764 41,057 261,188 45,799 
Platinum (metal and alloys). ..-.-.--------- dos 175,805 57,682 184,599 70,652 
Rare-earth metals: Ferrocerium and alloys ....- short tons. — 27 264 78 393 
Baa a a A E thousand pounds. . 259 149 206 771 
ilicon: 
Ferrosilicon `... A short tons. — 14,982 11,996 11,838 10,712 
Silicon carbide, crude and in grains (including reexports) 
do... 6,979 8,974 5,590 7,164 
Silver: 
Ore, concentrate, waste, sweepings 
thousand troy ounces. _ 12,594 102,768 18,294 208,066 
Bullion, refined - - -------------------—-— do... 12,876 105,977 18,658 169,383 
Tantalum: 
Ore, metal, other forms _________ _ thousand pounds. — "617 20,113 832 14,030 
Ei e o rA do____ 115 16,231 123 f 
Ingots, pigs, bars, etc 
EXDOHB -one e metric tons. — 5,769 84,454 1,340 17,805 
Reexports 2. 5522S eee eae A NA NA NA NA 
Tinplate and terneplate -----------oooo-- do_ --- "217,840 118,870 171,121 83,827 
Titanium: 
Ore and concentrate _—---------------- short tons. — 21,682 1,280 4,891 1,006 
Unwrought and scrap metal ___------------ do... 4,496 8,192 5,676 9,178 
Intermediate mill shapes and mill Re n.eec...do.... 3,600 100,608 2,154 52,197 
Pigments and oxides _— - - ----------------- do_ _ ._ 74,122 82,068 93,521 92,132 
Tungsten (tungsten content): 

e and concentrate __________-_- thousand pounds. . 612 8,887 2 11 
Carbide powder - ~- -- ------------------- do... 1,214 14,059 729 9,271 
Alloy powder... 2.2. nce eec do... 1,827 17,239 785 7,692 

Vanadium: 
Ore and concentrate (vanadium content)... do.. 114 626 117 218 
Pentoxide, ete ota ceu e do... 3,168 6,808 5,297 7,871 
y Lerrovansdium NAT ala see S UBER HOMERO ON NINOS do __ 653 8,436 1,550 6,144 
Slabe, p Gab or blocks ---------------- metric tons. . 841 547 427 801 
ates, strips, other forms, n.e.c- -------- do.--- 995 2,351 957 2,142 
ap scrap, dust (zinc content)... do... 19,059 13,818 22,856 11,169 
Semifabricated forms, net -= Abee eege do... 1,891 3,549 1,708 8,251 
Ore and concentrate ___________-_____ ~~ ~ do... 77,289 32,534 60,168 22,868 
Zirconium: 
Ore and concentrate -______-_-._.-_ thousand pounds. . 22,023 3,268 26,448 8,316 
Oxide o ol O E do... 2,033 5,420 1,396 1,898 
Metals, alloys, other forms ---------------- do 1,756 43 952 1,494 39,514 
NONMETALS 
Abrasives (includes reexports): 
Industrial diamond, natural or synthetic: 
Powder or duet. ______------ thousand carats_ _ 30,625 66,934 42,312 82,499 
hêr onu eee ep ee E IUE do... 1,930 22,525 8,185 84,065 
Diamond grinding wheels |... do... 473 5,114 461 4,910 
Other natural and artificial metallic abrasives and products _ NA 7101,603 NA 95,431 


See footnotes at end of table. 
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Table 8.—U.S. exports of principal minerals and products, excluding mineral fuels 


— Continued 
Mineral 
NONMETALS —Continued 
de dom 
Expo 
P nsandfsciuréd EEE RR ee RCE ESE metric Long _ 
Products. EENS do_ --- 
Reexports: | 
Eegen e es eg TES 
MMC A A a ana o_ 
Barite: N Greter barium sulfate - short tons. 
Boron: 
BOFic Ad == cem yide cal i M do... 
Sodium borates, refined _-________-_______.. do... 
Bromine compounds `... thousand pounds. . 
Calcium: 
Other calcium compounds including precipitated calcium 
carbonate ______________________ short tons. . 
5107 AA A do... 
Dicalcium phosphate ooo. (oo O 
Cement: Hydraulic: and clinker- -~ - ------------- do... 
eim 
olin or china clay ---------- thousand short tons. _ 
Bentonite: EEN do_ ___ 
UGE o - O nal A Pe ic es do. --- 
RTE dE do — 
Feldspar, leucite, nepheline syenite _ _ _ _ — thousand pounds. _ 
leguerten short tons. _ 
Gem stones (including reexports): 
iamond ___________________- thousand carats_ _ 
Pesar ia o a 
Oter === ——Á— a soho 


Helium 
Lithium 


Lithium carbonate? 
Lithium hydroxide 
Other lithium com 


compounds: 


Magnesium compoun 


agnesite, deadburned 


— a ar e em zem mmm vm mm em e ea zm: o mp = 


yps 
Crude, crushed or calcined 


wm eee A eee eee wm eee 
— am ee mm emm omg vue 


thousand short tons. _ 
Manufactured, wallboard and plaster articles _ _ _ _ _ 


ep an ` mmm em em vm e me e e e A A e << eme 


million cubic feet. . _ 
short tons. _ 


short tons. . 


Magnesite, crude, caustic-calcined, lump or ground. _do_ - _ — 


Mica: 


Waste, scrap, 
Block, ‘film, sp Wee? 
Manufactured, cut or stamped, built-up 


Mineral-earth pigments, iron oxide, natural and synthetic 
short tons. . 
thousand short tons. . 


Nit 
Phosp 


We: Lahey ‘fertilizers: 


Diammonium phosphates 


Elemental phosphorus 


GE ee 


metric tons _ 


Pigments and compounds: Zinc oxide (metal content) 


Potash: 


Potassium chloride 
Potassium sulfate 


Sodium compounds: 


Sodium sulfate 


Sulfur, crude 


"Revised. 


NA Not available. 


t: 
Crude and refined 


thousand metric tons... 


thousand metric (Long _ 


OL == 


do____ 


thousand short tons. _ 
Shipments to ENEE territories... 
Sand and gravel: 
Construction: 


Industrial sand 


wem — a ae am ewe M emm mx e emm zm vm mg zm o i — mm 


thousand metric Long _ 


do... 


thousand short tons _ 


XX Not applicable. 


Quantity 


21,600 
10,513 


2,683 
NA 


NA 
10,335 


15,084 
*323 


691,040 
140,000 


115 
69 


1,001 
65 


XX 


1982 


Value 
(thousands) 


1,178,740 
383 


$19,543 
126,704 


146,989 
94,113 
65,998 
29,863 

989 
1,084 

638,655 

4T 

106,105 

9 


12, 791 


2,721 
10,925 


2,886 
296 
5,499 


17,795 


407,081 
158,140 
678,685 

25,125 


"528 


56,710 
27,648 


3,500 
380 


16,647 
8,451 


5,397 
,680 
26,320 


12,162 
140,616 


12,957 


13,158,477 


1Before 1982, lithium carbonate exports were included with “Other lithium compounds.” 


1983 
] Value 
Quantity (thousands) 

54,236 $19,398 
NA 128,584 
398 285 
NA 998 
22,816 8,514 
38,498 20,688 
224,612 51,000 
61,300 21,600 
20,000 13,700 
40,597 9,550 
48,000 32,600 
118,393 17,360 
1,338 157,882 
554 42,580 
592 53,775 
146 31,569 
18,720 856 
9,236 962 
2,489 622,411 
NA 4,985 
NA 104,020 
9,435 ,455 
117 13,621 
NA 18,467 
368 19,626 
28,154 4,815 
17,779 23,953 
5,719 10,159 
4,278 8,183 
10,855 1,955 
16,621 8,426 
20,416 2,657 
70 109 
NA 4,001 
12,661 20,692 
7,484 1,050,061 
12,197 423, .361 
1,219 322,146 
1,263 164,672 
4,758 129,233 
21,752 34, 116 
330 492 
385,980 30,700 
86,320 16,390 
80 3,258 
28 156 
517 12,368 
30 4,101 
934 4,620 
369 1,810 
1,047 26, 057 
91 11,380 
1,636 154,584 
2,413 23,021 
NA 21,185 
992 109,298 
218 12,916 
XX 12,317,027 
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Table 9.—U.S. imports for consumption of principal minerals and products, excluding 


mineral fuels 


1982 
Mineral : Value 
Quantity (thousands) 
METALS 
Aluminum: 
Bern A RR short tons _ 679,375 $858,017 
CE AMA AA do_ ___ 14,338 54,240 
Plates, sheets, bars, etc --—---------—-- do... 214,343 416,033 
Aluminum oxide (alumina) 
thousand metric tons... 73,182 770,444 
Antimony: 
Ore and concentrate (antimony content) 
short tons... 2,769 4,289 
Sulfide including needle or liquated _____-_ do____ 88 188 
etal RE A cue LA EU Oso. 1,900 3,893 
Oxide- Lus EE do ___ 10,433 18,045 
Arsenic: 
White (As203 content) -__-________-_ do____ 16,092 15,241 
Metallit ni o cl ch Eseue do... 150 1,044 
Bauxite, crude |... — thousand metric tons. _ 10,122 : NA 
Beryllium A A a E short tons. — 2,652 3,215 
Bismuth, metals and alloys (gross weight)_ _ — pounds_ — 2,026,245 3,206 
Cadmium metal |... metric tons . l 2,305 4,684 
Calcium metal... pounds_ _ 333,054 967 
Cesium compounds _______~__________ _ do_ ___ 16,647 799 
romium: 
Ore and concentrate (Cr203 content) 
thousand short tons. _ 209 29,670 
Ferrochromium (gross weight)_ _______.-_ do... 141 77,495 
Ferrochromium-silicon - - - ---------—- do... 7 3,322 
Metal" re Ee do____ 2 10,078 
Cobalt: 
Metal ---------------- thousand pounds. . 11,610 137,652 
Oxide (gross weight) |... do____ 362 2,560 
Salts and compounds (gross weight) ------ do. 1,340 2,650 
Columbiumore. - -—---------------——-- do... 910 2,165 
ORBE: (CO (copper content): 
e and concentrate_______-_____ metric tons. _ 118,055 141,478 
Matte MI a ee IR NA do... ,042 3,609 
> ¡BAS xc ceim eus do... 97,374 142,249 
Refined in ingots, ete _____________-~- do — 258,439 394,654 
e AAN e a Oa 8,07 35,281 
Ferroalloys not elsewhere listed, including spiegeleisen 
short tons... 7,115 21,896 
Galí 522 kilograms_ — 5,199 1,958 
Germanium- - --------------—--—-——-— do____ 12, 459 9,287 
Ore and base bullion |... -troy ounces... 682,661 242,885 
Bullion, refined `, ~___ ~~ _____ do. ... 4,231,669 1,650,719 
E MAA a Se et pounds_ _ E S 
Indium- - —- —------------ thousand troy ounces. . 686 2,186 
[TON A Eeer thousand long tons. _ 14,501 - 470,847 
Iron and steel: 
Pik iron a aja short tons. _ 321,702 48,940 
Iron and steel products (major): 
Steel mill products _______________ do____ 16,536,292 8,947,132 
Other products _________________ do_ 744,790 1,342,878 
Scrap including tinplate ..... thousand short tons... "474 788,020 
d: 
Ore, flue dust, matte (lead content). _ metric tons_ _ 18,945 8,784 
Base bullion (lead content)__________-_ do: 19 28 
Pigs and bars (lead content) -________-_-_ do --- 94,855 58,633 
Reclaimed scrap, etc. (lead content)... do____ 4,834 1,755 
Sheets, pipes, shot... -----------—- do____ 467 694 
Magnesium: 
etal and scrap --------------- short tons... 3,652 5,732 
Alloys (magnesium content) ______--_-- do...- | 955 3,889 
Sheets, tubing, ribbons, wire, other forms (magnesium | 
content) NOME ST TEE et do. ..- 177 5,982 
Manganese: 
Ore (85% or more contained manganese) _ — do... 237,759 16,160 
Ferromanganese-ooooooooooooooo-- 0n 492,108 154,490 
Ferrosilicon-manganese (manganese content) 
do.-.- 41,121 21,471 
Metal n cene teilte do... 5,226 5,213 
Mercury: 
Compounds - - - ---------------—-- unds. _ 37,974 269 
Métal Ej Ehe pound f flasks_ e 8,916 3,003 


See footnotes at end of table. 


1983 
Quantity E dei 
818,676 $1,021,273 
97,524 87,468 
286,614 537,319 
4,030 811,021 
2,170 2,335 
47 58 
1,282 1,987 
10,604 13,318 
11,229 8,406 
268 1,401 
7,601 NA 
2,194 2,755 
1,971,956 3,121 
2, 3,842 
332,834 866 
19,227 617 
86 10,390 
280 109,012 
1 670 
3 13,687 
15,853 110,076 
403. 1,813 
1,671 2,244 
1,482 3,316 
90,597 81,695 
3,252 4,286 
46,371 66,027 
459,568 700,564 
43, 723 62, 947 
3,098 15,801 
7,294 3,195 
20,916 10,527 
993,793 401,548 
3,599,188 1,575,570 
478 50,058 
1,073 2,795 
13,246 445, 731 
242,114 " 31,917 
17,034,388 6,333,636 
04,095 795,481 
641 48,219 
19,753 5,712 
53 23 
134,357 64,225 
4,212 1,340 
496 1,632 
3,969 7,174 
2,143 6,151 
238 2,939 
368,297 19,867 
341,608 93,083 
91,992 40,117 
5,950 5,323 
135,758 7117 
12,786 3,813 
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Table 9.—U.S. imports for consumption of principal minerals and products, excluding 


mineral fuels —Continued 


1982 
Mineral . Value 
Quantity (thousands) 
METALS —Continued 
Molybdenum: 
re and concentrate (molybdenum content) 
thousand pounds. _ 3,115 $13,429 
Waste and scrap (gross weight) _________ do.... NA 1,474 
Metal: 
Unwrought (molybdenum content) ____do___-_ 67 1,370 
Wrought (gross weight) -__________ do. ... 79 1,959 
Ferromolybdenum (gross weight) ______-- do____ 1,665 6,308 
Material in chief value molybdenum (molybdenum 
content). e Se Leu do. ... 2,149 12,143 
Compounds (gross weight) |. do... 4,112 13,030 
Nickel: 
Pigs, ingots, shot, cathodes_________ short tons. _ 82,297 446,850 
Plates, bars, ete __-________________ do____ 5,120 50,348 
Is EEN do____ 58,568 105,633 
EE do... 4,300 13,349 
Powder and flakes- ________________ do |... 12,132 12,845 
Ferronickel cocco c do... 21,352 28,215 
Oxide t eee A ee do_ ___ 3,144 13,461 
Platinum-group metals: 
Unwrought: : 
Grains and nuggets (platinum) _ _ _ _ troy ounces. _ 3,298 1,120 
Sponge (platinum)_ ____________.___ do____ 689,647 305,356 
Sweepings, waste, scrap ____________ do____ 339,095 42,236 
Iridium o Lem do____ 19,402 9,242 
Palladium 20232 uon c nec do... 1,039,210 98,285 
Rhodium se oe ao ute do... 68,968 36,284 
Ruthenium ~~ _______~_ do____ 133,798 5,395 
Other RER metals_______._-_ do... 23,429 7,501 
Semimanufactured: 
Platinum seth EE ee ME 114,028 42,515 
Palladium -------------------- do____ 60,760 5,159 
ROG: EE do — 1,005 459 
Other platinum-group metals- ________ lei 1,066 384 
Rare-earth metals: 
Ferrocerium and other cerium alloys _ -short tons. _ 95 1,092 
Monazite».-.2= ias o a do... 1,940 3,070 
Metals including scandium and yttriüm.. _ - pounds- _ 7,094 139 
Rhenium: 
Metal including scrap- - ----------.-- do. --- 176 88 
Ammonium perrhenate _____________ do____ 5,193 803 
Selenium and selenium compounds (selenium content) 
do____ 765,731 7,711 
Silicon: 
Metal (over 96% silicon content) |... short tons_ _ 26,338 52,195 
Ferrosilicon. ~_-_________-_______ _ do. ... 16,132 40,343 
Silver: 
Ore and base bullion __._-_ thousand troy ounces... 12,530 91,638 
Bullion, refined _____~____________/_ do____ 96,917 786,154 
Sweepings, waste, doré _-____________- do_ ___ 8,010 49,287 
Tantalum ore ------------- thousand pounds. _ 1,297 16,286 
Tellurium (tellurium content)... pounds. _ 36,600 906 
tt um EE do 2,827 103 
in: 
Concentrate (tin content), metric tons. _ 1,961 21,544 
Dross, skimmings, scrap, residue, tin alloys, n.s.p.f. 
do... 3,068 4,364 
Tinfoil, powder, flitters, etc ---------------- NA 12,288 
Tin scrap and other tin-bearing material excluding 
tinplate scrap —-----------------—--——— | NA NA 
Tin compounds- __----- metric tons. _ 321 2,667 
Titanium: 
litienite io is short tons. . 596,211 41,630 
Rüti AAA o A eA o- 163,325 39,610 
Metal” in ir es iia do. 3,713 40,680 
Ferrotitanium and ferrosilicon titanium . do — 152 263 
Pigments EE ee do____ 138,922 146,569 
Tungsten ore and concentrate (tungsten content) 
thousand pounds. _ 7,778 46,748 
Vanadium (vanadium content): 
Ferrovanadium _________________- do____ 1,339 8,065 
Pentoxide- = ------------------——- do____ 238 1,063 
Vanadium-bearing materials . . .....do.... 2,225 5,194 


See footnotes at end of table. 


1983 


Quantity 


109,376 
108,247 
11,245 
213 


115 
4,440 
1,766 


623 
9,941 


654,839 


28,173 
159,443 


NA 
642 


398,036 
111,578 


Value 


(thousands) 


$3,528 
2,141 


1,398 
2,331 
3,189 


12,985 
9,425 


418,943 
84,553 
83,613 
17,691 
65,747 
65,264 
19,083 


2,145 
435,333 
44,308 
7,150 
151,149 


52,026 
67,445 


145,419 
1,926,102 


1,288 
165,495 


25,117 


6,259 
2,363 
86 
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Table 9.—U.S. imports for consumption of principal minerals and products, excluding 


mineral fuels —Continued 


1982 
Mineral f Value 
Quantity (thousands) 
METALS —Continued 
Zinc: 
Ore (zinc content) ------------- metric tons... 66,809 $21,132 
Blocks, pigs, slabs __ __________--_-~- do.... 456,233 370,773 
Sheets, etc.____________________L_ do... 700 694 
Fume (zinc content)... do... 11 6 
Waste and scrap ________________-~-do___~— 2,653 1,232 
Dross and skimmings ------.------.-.-- lee 7,104 3,134 
Dust, powder, flakes- _______________ do____ 5,864 6,925 
Manufactured _____________~_____~___ ee NA 540 
Zirconium: | 
Ore including zirconium sand _ _ — _ — — short tons_ — 68,465 6,144 
Metal, scrap, compounds ________.__-_do___ — 1,243 15,431 
NONMETALS 
Abrasives: 
Diamond (industrial) ______._-_ thousand carats_ _ 19,127 85,837 
Lë TEEN NA . ` 159,211 
Asbestos- ____________________ metric Long _ 241,737 64,925 
Barite: ) 
Crude and ground _____-_-_ thousand short tons. _ 2,344 120,518 
Witherite ___________________ short tons... 333 126 
Chémicala.. toto osa e mE do. — 23,857 13,163 
ron: 
Boric acid ___________-~_~_~_____ do_ ___ 4,362 1,903 
Calcium borate, crude? ______________ do ... 39,000 6,386 
Calcium chloride... ~~ ~_________-_ do — 60,623 3,010 
Cement: Hydraulic and clinker _ thousand short tons. — 2,929 110,886 
AA e oru oui tacere ies ee short tons. — 24,245 4,514 
Cryolità 2 o a do ... 6,218 4,266 
Feldspar 
Crudo == uei cd. do... 48 24 
Ground andcrushed.. do. —_- Së Ge 
FIUOPSDAE. ceu eee do... 543,723 67,665 
Gem stones: j 
Diamond ` thousand carats_ .. 4,636 1,917,612 
Emeralds cana to lEe-ce do_ ___ 2,167 120,809 
Other no et ee AN A NA 346,031 
Graphite, Natural. cota ai short tons... 153,150 115,676 
Gypsum: | 
Crude, ground, calcined.. ..... thousand short tons... 6,720 36,285 
Manufactured _____________~ ~__-~-----~- NA 17,361 
Iodine, crude - - ~- ----------- thousand pounds. . 4,128 21,109 
ime: 
Hydrated ------------------- short tons. _ 60,108 3,305 
Other aid o a do. 288,266 13,503 
Lithium 
OF c ccu a LE ee do...- 15 5 
pin Pe ao o an do... 133 568 
Magnesium compounds 
rude magnesite — - - --------------- do- --- 13,305 306 
Lump or ground caustic-calcined magnesia - _ do- _ _ _ 13,959 2,055 
Refractory magnesia, dead-burned, fused magnesite, 
dead-burned dolomite `. do- ___ 59,519 14,588 
Compounds _________--____-~--~--~- do. — 44,797 7,965 
Mica: 
Waste, scrap, nne uxo ptus thousand pounds. . 15,854 2,151 
Block, film, s Iting o ee do... 3,173 1,449 
Manufactured, cut or stamped, built-up _ _ _ _do__ _ _ 124 2,936 
Mineral-earth pigments, iron oxide: 
Ocher, crude and refined _______.-.-_ short tons. _ 31 20 
Siennas, crude and refined... - do. — 112 46 
Umber, crude and refined ___________~_ do____ 3,768 649 
Vandyke brown ------------------ do. --- 423 153 
Other natural and refined __-_____-_-__.. do — 880 576 
SUBtlietie uu uote etate uns do... 20,641 11,886 
Nepheline syenite: 
Crude cornisas LE do____ 316 16 
Ground, crushed, ete ______________-— do____ 455,280 13,735 
Nitrogen compounds (major) including urea 
S thousand short tons. — 4,841 681,368 
eat: 
Fertilizer-grade |... ~~ short tons. . 309,467 38,605 
Poultry- and stable-grade TOTEM DPI rR do... 60,533 1,152 
Phosphates, crude and apatite. thousand metric tons. _ (3) 1,302 
Phosphatic fertilizers: 
Fertilizer and fertilizer materials... ...— do... 8 1,672 
Elemental phosphorus -------------- do... (3) 1,017 
Othër ouo ata CASU ra e ue LEE E do... 41 76,812 


See footnotes at end of table. 


1983 


Quantity 


24,877 
A 


1,397 
50 


94 
20,451 


80,429 
50,029 


22,306 


212 
407,139 


6,281 


371,486 
47,220 
9 


36 
2 
20 


Value . 
(thousands) 


$16,548 
503,888 
426 
420 
1,676 
3,314. 
7,126 
543 


4,420 
15,901 


88,617 
201,248 
57,956 
67,404 
16 
16,093 
3,456 
8,309 
1,293 
161,439 
3,488 
4,784 
6 

25 
41,082. 
2,215,313 
134,130 
446,951 
11,921 
63,983 
30,614 
34,039 
3,431 
11,345 
4 
1,978 


25 
5,476 


14,340 
9,780 


2,189 
986 
2,583 


14,978 


13 
13,984 


793,574 


46,001 
6,066 
376 


3,622 
3,410 
5,841 
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Table 9.—U.S. imports for consumption of principal minerals and products, excluding 


mineral fuels —Contin 
Mineral . 
Quantity 
. NONMETALS —Continued 
Pigments and salts: 
Lead pigments and compounds _ - _ _ - metric tons. _ 12,904 
Zinc pigments and compounds- _______.- do_ _ — 35,721 
Potash See ee Eet eo he do____ 6,337,900 
Pumice: 
Crude or unmanufactured _________ short tons... 2,887 
Wholly or partly manufactured -______-_-_ do. === "118,233 
Manufactured, n.s.p.f ------------------—-- NA 
| quare crystal (Brazilian lascas) __ thousand pounds... 417 
AAA E EE E  EET thousand short tons. _ 5,451 
Sand and gravel: 
Industrial sand__________________~_ do____ T90 
Other sand and gravel -------------- do. --- 185 
ium compounds: 

. Sodium bicarbonate --------------—- do... 7 
Sodium carbonate _________________ do ... 18 
Sodium sulfate __~________________ do____ 394 

Stone: 
Crushed ¿00 a ae ot do 1,664 
DIMENSION es eee NA 
Calcium carbonate fines ___ thousand short (ong _ 192 
Strontium: 
Minerals. ___________________ short tons... 33,075 
Compounds ________~_____________ do____ 1,943 
Suir and compounds, sulfur ore and other forms, 
E EEA ae thousand metric Long _ 1,905 
Talc, WË EE thousand short tons. _ 27 
Total: ont tada se a e Lue XX 
"Revised. NA Not available. XX Not applicable. 


ued 


1982 


Value 
(thousands) 


$10,613 


"24,397,961 


1Includes titanium slag averaging about 70% TiO2. For details, see Titanium chapter. 
?Owing to a change of reporting, 1982 calcium borate, crude, imports are not comparable with those of previous years. 


“Less than 1/2 unit. 
*No longer reported. 


Quantity 


7,322,100 


2,699 
181,606 
N 


1983 


; Value 
(thousands) 


$11,444 


23,984,432 
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Table 10.—Comparison of world and U.S. production of selected nonfuel mineral 
commodities 


(Thousand short tons unless otherwise specified) 


See footnotes at end of table. 


1982 1983” 
US. US. 
Mineral res US. BS World US. SE 
produc- produc- produc- produc- 
tion! tion — ested tion! tion Zeie? 
tion tion 
METALS, MINE BASIS. 
Antimony (content of ore and concentrate) 
short (Gong 59,277 503 1 53,301 838 2 
Arsenic trioxide? ______ metric tons. _ 26,264 W NA 25,216 W NA 
Bauxite ____ thousand metric tons. _ 77,793 732 1 76,016 679 1 
Beryl? as os short tons... 9,414 W NA 3,189 W NA 
Bismuth- _ thousand pounds. . 8,199 W NA 8,935 W NA 
Chromite ____________________ 8,770 SAA ee 8,921 "E tc 
Cobalt (content of ore and concentrate) 
short tons... 26,846 MO e 26,596 WH Se 
Columbium-tantalum concentrate (gross 
weight) -___--_- thousand pounds. . 56,261 NA NA 45,846 E dee 
Copper (content of ore and concentrate) 
thousand metric tons. _ 8,071 1,147 14 8,027 1,038 13 
Gold (content of ore and concentrate) 
thousand troy ounces. — 43,057 1,466 3 44,533 1,957 4 
Iron ore (gross weight) 
thousand long tons. — 769,149 35,433 5 730,080 38,000 5 
Lead (content of ore and concentrate) 
thousand metric tons... 3,408 513 15 3,324 449 14 
anese ore (35% or more Mn, gross 
weih) cuu a a ia 26,607 S -- 24,139 em ze 
Mercury. — — thousand 76-pound flasks_ . 198 26 13 188 25 13 
Molybdenum (content of ore and concen- 
trate) .. housand pounds... 207,344 84,381 41 137,861 33,951 25 
Nickel (content of ore and concentrate) _ _ 705 3 ($) 759 = Sé 
Platinum-group metals? 
thousand troy ounces. — 6,431 8 (4) 6,482 6 (4) 
Silver (content of ore and concentrate) 
pees 383,766 40,248 10 390,618 43,415 11 
Tin (content of ore and concentrate) 
metric tons_ — 237,176 W NA 211,620 W NA 
Titanium concentrates (gross weight): 
Ilmenite_ 2 ne ee nes 3,346 263 8 2,876 W NA 
RULO uude 374 W NA 359 W NA 
Tungsten ore and concentrate (contained 
tungsten). _________ metric tons. _ 45,305 1,521 3 38,882 980 3 
Vanadium (content of ore and concentrate) 
short tons. . 35,898 4,098 11 30,087 2,171 7 
Zinc (content of ore and concentrate) 
thousand metric tons... 6,238 303 5 6,246 215 4 
METALS, SMELTER BASIS 
Aluminum (primary only) ---------- 14,802 3,609 24 15,284 3,696 24 
mium _~__________ metric Long _ 16,452 1,007 6 17,244 1,052 6 
Cobalto short tons. _ 21,649 508 2 20,316 103 1 
Copper smelter (primary and secondary) 
thousand metric tons. _ 8,281 1,021 12 8,304 987 12 
Ilron, A ely Oy Ue FP 502,400 43,342 9 505,000 48,770 10 
Lead, smelter (primary and secondary) 
thousand metric tons. _ 5,255 1,088 21 5,234 1,018 19 
. Magnesium (primary) - --- 213 102 37 291 115 40 
Nickel” nicas rr io eds 660 45 7 685 33 5 
Selenium® ___________ kilograms_ _ 1,119,821 242,996 22 1,326,533 353,860 27 
Steel, raw. — - - -------------———- 707,081 974,577 11 724,480 984,615 12 
Tellurium ___________ kilograms_ _ 101,746 W NA 110,900 W NA 
Tape tei metric tons. . 239,213 103,500 1 222,035 102,500 1 
Zinc (primary and secondary) 
thousand | metric tons. . 5,865 302 5 6,175 305 5 
NONMETALS 
EE do — 4,080 64 2 4,157 70 2 
¡1 AA 8,257 111,845 22 6,348 11754 12 
Boron minerals `. 2,503 1,234 49 2,450 1,303 53 
Bronmune —_—--- thousand pounds_ _ 826,963 11401,100 48 795,770 11370, 000 46 
nea , hydraulic- - - - - -- - -----—- 969,338 1264, 341 7 1,020,346 1271 347 7 
lays: 
Bentonite ________________~_ 5,628 113,245 58 4,284 111.938 45 
Fuller's earth? _______________ 2,216 111 683 76 2,452 11) 912 78 
Kaolin?*.— nn oc east eh 21,098 116.362 30 22,211 117 203 32 
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Table 10.—Comparison of world and U.S. production of selected nonfuel mineral 
commodities —Continued 


(Thousand short tons unless otherwise specified) 


1982 1983” 
US. US 
Mineral Nerd U.S. a World US. pont 
produc- produc- produc- produo- 
tion! tion duc tion! tion due 
tion tion 
NONMETALS —Continued 
Corundum ___________ short tons. - 20,918 IN em 19,384 ZER LS 
Diamond ........ thousand carats.. _ 44,367 nee S 56,119 M 
Diatomite ----------------—-—- 1,666 11613 37 1,677 11619 37 
¡AA AA 3,745 615 16 3,842 710 18 
Fluorspar -----------------—-—- 4,713 77 2 4,741 61 1 
raphite ____________ short tons. _ 646,674 W NA 645,333 W NA 
Gypsum_____________________ 78,970 10,538 13 85,824 12,884 15 
Iodine, crude _ _ _ _ _ thousand pounds. _ 27,016 W NA 27,491 W NA 
Lime. ce. oes et 118,082  !! 1214112 12 119,147 11 1214,902 12 
Magnesite__________~_~_________ 12,119 NA 12,103 NA 
Mica (including scrap and ground) 
thousand pounds. _ 414,861 212,000 45 534,831 280,000 52 
Nitrogen, N content of ammonia ~- _ _ _ _ — 83,563 12,968 16 85,442 11,246 13 
Pest unta as a et ae 414,039 798 ($) 413,511 704 ($) 
Perlite. _———-----`--------—-——- 1,556 11506 33 1,532 11474 31 
Phosphate rock (gross MID 
thousand metric Long _ 122,202 37,414 31 135,000 42,573 32 
Potash (K20 equivalent) |... do____ 24,664 1,784 T 26,678 1,429 5 
AA ie De E misc 12,707 416 3 11,766 449 4 
Salt - os te d E ce 181,951 1! 1237,910 21 182,752 1! 1234605 19 
Sodium compounds, natural and manu- 
factured: 
Sodium carbonate _________.__.__ 30,367 7,819 26 31,262 8,467 27 
Sodium sulfate_______________ 5,370 864 16 5,229 855 16 
Strontium ___________ short tons... 122,779 HS m 121,210 "A zu: 
Sulfur, all forms 
thousand metric tons. . 50,716 9,787 19 50,472 9,290 18 
Talc and pyrophyllite____--_-__-_____ 7,539 1,135 15 7,553 1,066 14 
Vermiculite? ________________.__ 562 316 56 495 282 57 


PPreliminary. NA Not available. 


W Withheld to avoid disclosing company proprietary data. 


1For those commodities for which U.S. data are withheld to avoid disclosing company proprietary data, the world total 
excludes U.S. output and the U.S. percent of world production cannot be reported. 
2World total does not include an estimate for output in China. 


3U.S. fi 


insufficient to permit this adjustment. 
*Less than 0.5%. 


res represent dried bauxite equivalent of crude ore; to the extent 
included in the world total are also on the dried bauxite equivalent basis, 


but 


ible, individual country figures that are 
for some countries, available data are 


‘Primary and secondary blister and anode copper, including electrowon refined copper that is not included as blister or 


e. 
®Includes bullion. 


"Refined nickel plus nickel content of ferronickel, and nickel oxide. 


5World total does not include estimates for output in the U.S.S.R. or China. 


?Data from American Iron and Steel Institute. Excludes production of castings by companies that do not report steel 


in 
Includes tin content of alloys made directly from ore. 


11Quantity sold or used by producers. 
12Includes Puerto Rico. 
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Abrasive Materials 


By J. Fletcher Smoak: 
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Garnet «t ee he 67 


Consumption of abrasive materials in the 
United States increased 22% in value over 
that of 1982 to $320 million; of which, 59% 
was manufactured abrasive, 35% was indus- 
trial diamond (natural and synthetic), and 
6% was natural abrasive. 

Production value of natural abrasives, 


excluding industrial diamond, remained 


virtually unchanged. Production of crude 
tripoli, a porous siliceous rock, decreased 


slightly; however, shipments of processed 
tripoli increased 13% in quantity and 32% 
in value. Production of garnet, an abundant 
iron-aluminum silicate, continued to in- 
crease primarily because of further in- 
creases in production from one plant that 
had completed an expansion program in 
late 1981. Production of special silica stone, 
both crude and finished, decreased in 1983 
because of reduced demand for oilstones 


Table 1.—Salient U.S. abrasives statistics 


1979 1980 1981 1982 1983 
Natural abrasives production by producers: 

Tripoli (crude) ______________ short tons. . 127,878 121,233 107,330 112,928 111,020 
Valle” «suo iaa thousands.. _ $831 $676 $617 $653 $649 
Special silica stone?'___________ short tons. _ 594 631 22 501 21.285 21.101 
ue ncc et eu NE thousands. . $1,764 $1,933 2$1,096 2$553 2$482 
GTO Oia ose es short tons. . 21,240 26,909 25,451 27,303 29,767 
Value tu odias ad hunde sica lavada thousands. _ $1,535 $1,908 $2,059 $2,321 $2,533 
Emery: (coss ys es short tons. _ 10,005 W W 
alüe a a eee thousands  .. $204 W W W 
Manufactured abrasives | short tons. _ 712,733 614,963 5586,915 418,224 5418,153 
Value. Ne lcd thousands. _ $230,024 $216,946 — 5$225,503 $167,471  5$167,430 

Foreign trade (natural and artificial abrasives): 
Exports (value). _____-_________.__ do_ _ — $185,587 $193,679 $189,719 $174,126 $192,794 
Reexports (value) --— -- ---------- do... $42,922 $47,521 ,158 "$22,650 $24,111 
Imports for consumption (value) _____-_ do _ $270,599 $268,842 $301,695 $245,048 $289,865 


"Revised. W Withheld to avoid disclosing company proprietary data. 

Includes grindstones, oilstones, and whetstones. Excludes grinding pebbles and tube-mill liners. 

“The large increase in quantity and decrease in value was caused by changes in reporting procedures. In 1979-80, 
quan and value were for finished products; 1981-83 data were for crude mined quantity and first marketable value. 


inished product data are shown in table 6. 
3Primary garnet; denotes first marketable product. 


“Includes Canadian production of crude silicon carbide and fused aluminum oxide and shipments of metallic abrasives 


by producers. 


“Excludes U.S. and Canadian production and value of aluminum-zirconium oxide. 
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and whetstones; over 70% of the oilstone- 
whetstone cutting operations reported de- 
creases in production. Production of emery, 
an impure aluminum oxide, continued its 
downward trend with a decrease of 22% in 
quantity and 20% in value. 

The nonmetallic manufactured abrasives 
industry underwent a very troubled year. 
This old-line industry was surprised when 
Standard Oil of Ohio (Sohio) announced 
that it was closing or selling Carborundum 
Co.’s worldwide bonded and coated abra- 
sives operations. This action did not affect 
the production of crude silicon carbide or 
fused aluminum oxide; however, Carborun- 
dum's large silicon carbide plant in Vancou- 
ver, WA, was idle during the year. Ferro 
Corp. permanently discontinued production 
of its only crude silicon carbide plant, 
located in Canada, and another domestic 
silicon carbide producer sought protection 
under chapter 11 of the Bankruptcy Act. 
ESK Corp. and The Exolon Co.'s proposed 
merger plan was approved and was ex- 
pected to be finalized in early 1984. 

Production of manufactured abrasive ma- 
terials remained at the 1982 level in both 
quantity and value and was again reported 
at its lowest level since 1963 and reflected 
continuing reduced economic activity in the 
related industrial segments. Nonmetallic 
abrasives consisted of fused aluminum ox- 
ide and crude silicon carbide produced in 
the United States and Canada and account- 
ed for 61% of the value of manufactured 
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abrasives. Metallic abrasives shipments in- 
cluded chilled and annealed iron shot and 
grit, steel shot and grit, cut wire, alumi- 
num, and stainless steel shot. 

The potentially large Australian diamond 
mining operation started production from 
its alluvial deposits and recovered 6.2 mil- 
lion carats; of which, 65% was industrial, 
more than tripling the original estimate for 
1983. The mining of its kimberlite pipe was 
scheduled to begin in 1986 with an initial 
annual production rate of 25 million carats. 
Approximately 75% of production from the 
kimberlite pipe was expected to be of indus- 
trial quality. | 

Total imports of abrasive materials in- 
creased 18% in value in 1983. Imports of 
industrial diamond increased 396 in value 
and 30% in quantity. This small increase in 
value and large increase in quantity was 
attributed to an increase in imports of 
synthetic powder dust with a unit value 
decrease of 20% to $1.47 per carat and an 
increase in imported stones with a corre- 
sponding value decrease of 21% to $9.98 per 
carat. Total exports and reexports of abra- 
sive materials increased 10% in value. 

Domestic Data Coverage.—Domestic pro- 
duction data for abrasive materials were 
developed by the Bureau of Mines from six 
separate, voluntary surveys. Of the 56 oper- 
ations canvassed, all responded, represent- 
ing 100% of the total production data shown 
in tables 1, 5, 6, 8, 15, 16, and 17. 


FOREIGN TRADE 


Exports plus reexports of industrial dia- 
monds, loose, increased 40% in volume to 
45.5 million carats, and 30% in value to 
$116.6 million. This was a record in quanti- 
ty and value. The increases were attributed 
to the record level exports of domestically 
produced synthetic diamond powder and 
dust. The diamond content in diamond 
wheels, exported and reexported, was 
467,000 carats, a slight decrease; the declar- 
ed value was $4.9 million, a decrease of 
14%. The value of imported diamond 
wheels decreased 11% to $5.4 million. 

Imports of abrasive materials increased 
18% in value, and exports plus reexports 
increased 10% in value. Net imports were 
valued at $73.0 million. 

Industrial diamond imports totaled 24.9 
million carats of loose material valued at 
$88.6 million, an increase of 30% in quanti- 
ty and 3% in value. The small increase in 


value with the corresponding large increase 
in quantity were attributed to two occur- 
rences: (1) an increase in imports of 3.8 
million carats of synthetic powder dust at 
only $1.47 per carat compared with $1.84 
per carat in 1982 and (2) an increase in 
imports of stones of 1.4 million carats while 
the value decreased $2.66 per carat to $9.98. 
Ireland, the largest U.S. source of imported 
industrial diamonds in terms of quantity, 
shipped to the United States a total of 11.7 
million carats, mostly synthetic, valued at 
$20.9 million. Although the quantity in- 
creased 36%, the value decreased 7%, pri- 
marily because of a 25% decline in the unit 
price of synthetic powder and dust. Of the 
11.7 million carats from Ireland, 10.2 mil- 
lion carats was synthetic powder and dust 
with an average value of $1.62 per carat. 
The share of imports from Ireland was 47% 
of total quantity and 24% of the total value. 
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The Republic of South Africa, the largest 
U.S. source of imported industrial diamonds 
in terms of value, shipped to the United 
States a total of 5.3 million carats valued at 
$42.4 million, an increase of 26% in quanti- 


from the Republic of South Africa was 21% 
of the total quantity and 48% of the total 
value. Of the 5.3 million carats, 3.7 million 
carats was industrial stones with an aver- 
age value of $10.47 per carat, 9% less than 


ty and 32% in value. The share of imports that of 1982. 


Table 2.—U.S. exports of abrasive materials, by kind 


(Thousands) 
1982 1983 
Kind 
xi pod Value Re Value 
NATURAL ABRASIVES 
Industrial diamond, natural or synthetic, 
powder or dust ooo carats_ _ 29,588 $63,666 41,071 $79,419 
Industrial diamond, natural or synthetic, other |... do____ 415 3,826 1,252 14,223 
Emery, natural corundum, pumice in blocks _______--_ pounds_ _ 10,403 781 9,389 866 
MANUFACTURED ABRASIVES 
Artificial corundum (fused aluminum oxide) __________ do____ 58,709 17,083 23,486 14,393 
Silicon carbide, crude or in grains |... do____ 13,957 8,365 10,611 6,768 
Carbide abrasives, per ooo o do____ 616 1,138 675 1,022 
Other refined abrasives ______________________ do____ 25,191 11,575 30,333 13,125 
Grinding and polishing wheels and stones: 
Diamond A en cutem ecco. carats_ _ 470 5,590 459 4,793 
Polishing stones, whetstones, oilstones, hones, similar 
SON EE number. _ 714 2,320 917 2,642 
Wheels and stones, n.e.c ooo pounds. _ 4,928 23,837 3,514 19,459 
Abrasive paper and cloth, coated with natural or artificial abrasive 
Materials e ae ebe ee E do 11,259 28,521 10,990 31,513 
Grit and shot including wire pellets ______________-_ do... 23,053 1,424 14,217 4,571 
Total ao eh Lol LUE D e a es XX 174,126 XX 192,794 
XX Not applicable. 
Table 3.—U.S. reexports of abrasive materials, by kind 
(Thousands) 
1982 1983 
Kind 
pre Value pres Value 
NATURAL ABRASIVES 
Industrial diamond, natural or synthetic, | 
powder or dust________________________ lL carats_ _ 1,037 $3,268 1,241 $3,080 
Industrial diamond, natural or synthetic, other |... do____ 1,515 18,699 1,933 19,842 
Emery, natural corundum, pumice in blocks _________ pounds_ _ 13 42 420 6 
MANUFACTURED ABRASIVES 
Artificial corundum (fused aluminum oxide) _________-_ do... 18 6 S e 
Silicon carbide, crude or in grains |... do .. (1) 9 568 396 
Grinding and polishing wheels and stones: 
Diamond. ar a ie a o Da id carats _ 3 124 8 117 
Polishing stones, whetstones, oilstones, hones, 
similar stone________________________ number. _ (1) 2 1 10 
Wheels and stones, nec _______~____________ unds. _ 64 294 28 219 
Abrasive paper and cloth, coated with natural or artificial abrasive 
materiali better Se do 71 206 68 171 
Grit and shot, including wire pellets -______________ do_ ___ SEN Geen s St 
Totül 4: e ceu Ru eR E CUAL ER Ret toi p de XX 122,650 XX 24,111 


"Revised. XX Not applicable. 
1Less than 1/2 unit. 
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Table 4.—U.S. imports for consumption of abrasive materials 
(natural and artificial), by kind 


(Thousands) 
1982 1983 
Kind Quan- Quan- 
tity Value “tity Value 
Emery, flint, rottenstone, tripoli, crude or crushed _ _ short tons. . 4 $213 4 $367 
Silicon carbide, Crüdé co LL UL do____ 63 27,453 79 39,573 
Aluminum oxide, crude _______~_~ ~~ ~~ ~~ ~~ -- do ——- 116 42,849 131 53,670 
Other crude artificial abrasives EE do. — 1 140 (1) 136 
Abrasives, ground qr ins, pulverized or refined: 
Rottenstone and tripoli- - - - - - ---- --------—-——- do. --- (1) 1 Da SE 
Silicon carbide _ - - - - - - - ----------------—- do. ..- 4 1,325 5 1,890 
Aluminum oxide. 2222222222 do... 9 1,295 12 9,848 
Emery, corundum, flint, garnet, other, including artificial 
ADFASIVOS e i is eas 1 2,309 3 3,712 
Papers, cloths, other materials wholly or partly coated with natural 
or artificial abrasives.___________________________ 3) 39,935 (2) 52,248 
Hones, whetstones, oilstones, polishing stones ~- _ — — _ _ number. _ 176 927 1,045 1,009 
Abrasive wheels and millstones: 
Burrstones manufactured or bound up into millstones 
ort tons... (1) 4 (2) 21 
Solid nee stone wheels ooo. number. _ 116 101 40 77 
EE Occ 97 6,121 148 5,416 
Abrasive wheels bonded with resins ____________ pounds_ _ 4,135 7,213 ,654 10,445 
———— —— —— C" ————— — P n HE PR (3) 8,592 (2) 8,635 
Articles not specifically provided for: 
Emery òr garnet 22 ls eee (?) 102 (3) 97 
: Natural corundum or artificial abrasive materials ________~— (?) 3,681 (?) 3,321 
Other: 0:6 EE 3) 2,460 3) 2,239 
Grit and shot including wire pellets . pounds. _ 9,813 1,958 8,946 2,149 
Diamond, natural and synthetic: 
Diamond dies- — -------- o ooo number. _ 7 472 8 395 
Crushing bort isc a is ol carats. _ 146 234 46 145 
Natural industrial diamond etoneg . . do__-_- 3,683 51,564 5,303 55,393 
Miners’ diamond... - - - - ----- ----------- do. --- 3984 7,418 3761 5,134 
Powder and dust, synthetic -___-__-------o..- do... 10,990 20,179 14,792 21,714 
Powder and dust, natural |... do. ... 3,324 6,442 3,975 6,231 
yo DEE XX 245,048 XX 289,865 
XX Not applicable. 
1Less than 1/2 unit. 
2Quantity not reported. 


Includes 48,000 carats of synthetic miners’ diamond in 1982, and 2,000 carats i in 1983. 


TRIPOLI 


Fine-grained, porous silica materials are 
grouped together under the category tripoli 
because they have similar properties and 
end uses. Production of crude tripoli (table 
1) decreased in quantity and value because 
several producers reduced mine output and 
withdrew stocks from crude inventories. 
However, processed tripoli, sold or used, 
increased 13% in quantity and 32% in 
value; most of this increase was in filler 
material. 

Because tripoli grains lack distinct edges 
and corners, it was used as a mild abrasive 
in toothpaste and industrial soaps, and as a 
buffing and polishing compound in lacquer 
finishing in the automobile industry. The 
mineral was also used as a filler and ex- 
tender in paint, plastic, rubber, and enam- 
els. Advantages of its use in paint include 
its chemical inertness, for corrosion- 
resistant coatings; a low surface moisture, 
which allows it to be mixed into ambient- 


moisture-cured systems without predrying; 
good wettability and dispersion properties 
in a solvent base; a General Electric bright- 
ness of 85% to 90% and low oil absorption, 
allowing high pigment loading without ap- 
preciable increases in viscosity; and a rela- 
tively high Mohs-scale hardness of 6.5 to 7, 
which provides resistance to abrasion.? 

The five tripoli producers were Malvern 
Minerals Co., Garland County, AR, which 
produced crude and finished material; 
American Tripoli Co., which produced crude 
material in Ottawa County, OK, and fin- 
ished material in Newton County, MO; 
Illinois Minerals Co. and Tammsco Inc., 
both in Alexander County, IL, which pro- 
duced crude and finished amorphous (mi- 
crocrystalline) silica; and Keystone Filler 
and Manufacturing Co., in Northumberland 
County, PA, which processed rottenstone, a 
decomposed fine-grained siliceous limestone 
or shale. 
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Malvern Minerals, Hot Springs, AR, re- 
ported that the previously announced ex- 
pansion was to be completed by early 1984 
and would more than double plant capacity. 
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Prices quoted in Engineering and Mining 
Journal, December 1983, for tripoli and 
amorphous silica were as follows: 


Tripoli, paper bags, carload lots, f.o.b., 


in cents 


per pound: 
Ico, IL: Air floated through 


White, 
200 mesh 22. obese ewe 3.55 
Rose and cream, Seneca, MO, and 
deefe AR: 
nce ground ooo 2.90 
Double ground __-______._.-.-- 2.90 
Air float- --------------—- 3.15 
Amorphous silica, 50-pound, paper bags, 
f.o.b., in dollars per ton: 
Elco, IL: 
Through 200 mesh, 90% to 95% ` _ $71.00 
Through 200 mesh, 96% to 99% __ 72.00 
Through 325 mesh, 90% to 95% __ 73.00 
Through 325 mesh, 96% to 98% ` _ 69.50 
Through 325 mesh, 98% to 99.4% _ 78.00 
Through 325 mesh, 99.5% ____-_-_ 95.00 
Through 400 mesh, 99.9% _____-_ 128.00 
Below 15 micrometers, 99% _ _ _ 137.00 
Below 10 micrometers, 99% ____-_ 164.00 
Below 8 micrometers, 99%_ ____-_ 196.00 


Table 5.—Processed tripoli: sold or used by producers 
in the United States, by use? 


Use 
Abrasives ista e Li short tons... 
Yaa EE thousands_ _ 
Filer- 2 xc es A ASS short tons. _ 
Valle. -—-----------------———- thousands. _ 
Total® |... = = == Lll short tons _ 
Total value? _____________ thousands_ _ 


1Includes amorphous silica and Pennsylvania rottenstone. 
?Partly estimated. 


1979 1980 1981 1982 1983 
53,600 39,352 94,494 35,798 38,073 
$2,468 2,203 $2,206 $2,477 $3,203 
62,409 59,909 56,932 55.314 65,138 
$3,811 $4,025 $4,393 $4,557 $6,077 
116,009 99,261 91,426 91,111 103,211 
$6,279 $6,277 $6,600 $7,034 $9,280 


3Data may not add to totals shown because of independent rounding. 


SPECIAL SILICA STONE PRODUCTS 


Production of special silica stone products 
included oilstones and whetstones from 
Arkansas and Indiana, grindstones from 
Ohio, and deburring media from Ohio and 
Wisconsin. 

Four main grades of whetstone were pro- 


Trade name 


duced, ranging from the high-quality Ar- 
kansas Stone, with porosity of 0.07% and 
characterized by a waxy luster, down to the 
Washita Stone, with a porosity of 16% and 
resembling unglazed porcelain. The four 
main grades were as follows: 


Use 


Rapid sharpening. 
General purpose. 
Polishing blades to a 
very fine edge. 
Polishing the most per- 
fect edge possible. 
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The much coveted Black Hard Arkansas 
Stone was relatively expensive at more 
than $30 for an 8- by 2- by 1-inch stone. Only 
about 5% of the blocks quarried was recov- 
ered as finished whetstone, and the produc- 
ers continued to seek uses for the rejected 
material. Some was used in the production 
of silica-brick refractories, grinding media, 
lightweight aggregates, a wet abrasive 
blasting medium, and as a filler-extender.* 

Arkansas finished stone production 
accounted for 65% of the total value and 
46% of the total quantity of special silica 
Stone products sold or used by U.S. produc- 
ers. 

The survey of oilstone and whetstone 
producers was expanded in 1982 to include 
many additional producers of finished stone 
that purchased crude material from produc- 
ers with quarrying operations. Grinding 
pebbles and tube-mill liners were elimi- 
nated from the survey because of lack of 
accurate data. 
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Marvin Wright Whetstone Co., a new 
company, announced plans to develop a 
deposit of novaculite located in Garland 
County, AR, and to market the crude stone. 
The company also planned to start cutting 
and finishing whetstones and oilstones at 
the site by March 1984. The mine and plant 
were to be located near the town of Glen- 


wood, Hot Springs County, AR. 


Table 6.—Special silica stone finished 
products sold or used in the United States! 


Quantity Value 

Year (short (thou- 

tons) sands) 

TUTO EEN 594 $1,764 
T980 ec m. | 631 1,933 
1981 —— 2:0 nr 523 23,928 
18 ERR 713 25,360 
EI nuls sc c Lt 602 23,814 


1Includes grindstones, oilstones, and whetstones. Ex- 
cludes grinding pebbles and tube-mill liners. 
Large increase in value because nonquarrying finished 
stone producers were included. 


Table 7.—Producers of special silica stone products in 1983 


Company and location 


American Trails Whetstone Co.: 
Glenwood, AR ` 222 
Arkansas Whetstone Co. Inc.: 
| Hot “prines, AR EEN 
Baraboo Quartzite Co. Inc.: | = = | 
Baraboo, WI. Sus nonem tmb 
Buffalo Stone Corp.: eee 
Hot Springs, AR - o ooo 


Cleveland Quarries Co.: 
Amherst, OH o ooo 
DO. caras ap a a o o a en e 
Dans Whetstone Cutting Co. Inc.: 
Royal, AR 


Frontier Whetstone Cutting Co.: 

Hot Springs, AR 
Halls Arkansas Oilstones Inc.: 

Pesrcy, AR on Seo a re et ote 
Hindostan Whetstone Co.: 

Bedford, IN 

AA A A 

Hiram A. Smith Whetstone Co. Inc.: 

eT AR 


Natural Hones Inc.: 
Malvern, AR ` Lee 
Norton Co. Oilstones, Norton Pike Div.: 


Hot Springs, AR - -------------------—- 
Pioneer Whetstone Co.: 

Hot Springs, AR ` -_- 
Poor Boy Whetstones: 


Malvern, AR ` ooo o 
Wallis Whetstone Inc.: 

Malvern, AR _____________~_~__ 2L 
Washita Mountain Whetstone Co.: 

Lake Hamilton, AR 22S 222 


Type of operation Product 
Stone cutting and finishing Whetstone and oilstones. 
as e SE Do. 
Quarry ------------ Crude novaculite. 
Crushing and sizing _ _ _ - — Deburring media. 
Quarry ____________ Crude silica stone. 
Tumbling and sizing Metal finishing media and 

novaculite. deburring media. 

Stone cutting and finishing Grindstones. 
Quarry ____________ Crude silica stone. 
Stone cutting and finishing Whetstones and oilstones. 


Quarry ____________ 


Crude novaculite. 


Stone cutting and finishing Whetstones and oilstones. 
"e AAA Do. 

E, AAA A Cuticle stones. 

Quarry ------------ Crude silica stone. 

Stone cutting and finishing Whetstones and oilstones. 


Quarry ____________ 


Crude novaculite. 


Stone cutting and finishing Whetstones and oilstones. 
E, AS 

Quarry ` Crude novaculite. 

Stone cutting and finishing Whetstones and oilstones. 
E, SoS se Do. 

PEPE SOO A Do. 

Quarry ___________- Crude novaculite. 


Stone cutting and finishing 


Whetstones and oilstones. 
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GARNET 


The United States continued to account 
for about 75% of the world’s garnet produc- 
tion; the remainder was produced primarily 
in Australia, India, and the U.S.S.R. Four 
producers continued to be active, two in 
New York and one each in Idaho and 
Maine. Barton Mines Corp., Warren Coun- 
ty, NY, sold garnet for use in coated abra- 
sives, glass grinding and polishing, and 
metal lapping. The NYCO Div. of Processed 
Minerals Inc., Essex County, NY, reported 
that its garnet was used mostly in sand- 
blasting and in bonded abrasives. Emerald 


which was used largely in sandblasting and 
water filtration. 

Several producers reported that the levels 
of shipments in 1983 were approximately 
the same as those of 1982. However, the 
producer in Maine reported substantial in- 
creases in production and shipments, attrib- 
uted to its recently completed plant expan- 
sion. 


Table 8.—Garnet sold or used by 
producers in the United States 


HE tit Val 
Creek Garnet Milling Co. operated two Yent SE ee 
mines in Benewah County, ID, and report- tons) sands) 
ed that its garnet was used chiefly in 
sandblasting and water filtration. Industri- 1980 1122222222122227 Seen, ` De 
al Garnet Extractives Inc., near Rangeley in ee SE 2.00) Dea 
Oxford County, ME, produced almandine “1983 ^ ^... 28.902 5,816 
garnet and a garnet-containing utility grit, 
CORUNDUM AND EMERY 


Corundum.—There were no imports of 
abrasive-grade corundum during 1980-83. 
Demand was met by withdrawal from 
stocks. In recent years, the domestic supply 
had consisted almost entirely of material 
imported from Zimbabwe through the Re- 


public of South Africa by one firm in 
Massachusetts. Another Massachusetts 
firm accounted for one-half of the total 
consumption. Corundum was used in grind- 
ing and polishing optical components. 


Table 9.—Natural corundum: World production, by country! 


(Short tons) 
Country 1979 1980 1981 1982P 1983€ 
IR VC EE 1,002 1,603 1,424 1,494 110 
South Africa, Republic of. _______________ 82 155 100 68 254 
AA OR TOP eee 9,400 9,500 9,500 9,500 9,600 
Uruguay" ¿oro et tds es 250 206 240 250 220 
Zimbabwe. _ 18,329 20,592 13,450 9,606 9,400 
Total es yt Peale id ia eL Arr .29,063 32,056 24,714 20,918 19,384 
(Estimated. PPreliminary 


‘Table includes data available through May 30, 1984. 
Reported figure. 


Emery.—Two companies, De Luca Emery 
Mine Inc. and John Leardi Emery Mine, 
continued to operate emery mines, both 
near Peekskill in Westchester County, NY. 
The crude material, a gray rock and an 
impure corundum containing magnesium- 
aluminum silicates, was processed by two 
companies—Washington Mills Abrasive 
Co., North Grafton, MA, and Emeri-Crete 
Inc., New Castle, NH. Domestic emery was 
used mostly as a nonslip additive for floors, 
pavements, and stair treads. Minor uses 
were as coated abrasives and tumbling or 


deburring media. 

World production of emery was principal- 
ly from Greece and Turkey. In 1982, produc- 
tion of emery in Greece was estimated to be 
10,000 short tons and production in Turkey 
was reported to be 31,909 tons. 

Prices quoted for emery by domestic sup- 
pliers in December 1983 ranged from $145 
per ton for the lowest grade nonskid floor- 
ing material to $520 per ton for specialized 
industrial abrasive grade, in truckload 
quantities, f.o.b. plant. 
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INDUSTRIAL DIAMOND 


Domestic production of synthetic indus- 
trial diamond was estimated to be at a 
record level of 69 million carats, a 30% 
increase and the prime contributing factor 
to the record level of exports for both value 
and quantity of industrial diamond. Second- 
ary production, salvage from used diamond 
tools and from wet and dry diamond- 
containing waste, was estimated to be 1.8 
million carats. The five companies produc- 
ing synthetic diamond in the United States 
were E. I. du Pont de Nemours & Co. Inc., 
Industrial Diamond Div., Gibbstown, NJ; 
General Electric Co., Specialty Materials 
Department, Worthington, OH; Megadia- 
mond Industries Inc., Provo, UT; U.S. Syn- 
thetics Corp., Orem, UT; and Valdiamant 
International, a division of Valeron Corp., 
Ann Arbor, MI. 

The Government industrial diamond 
stockpile inventory, as of December 31, was 
reduced to 22.0 million carats of crushing 
bort and 15.5 million carats of stone, but 
still exceeded the goal for stone of 7.7 
million carats. Available for disposal, from 
prior enabling legislation, was 1.5 million 
carats of stone. The inventory of small 
diamond dies was 25,473 pieces; the goal 
was 60,000 pieces. 

The United States remained the largest 
consumer of natural industrial diamond 
stones but was totally dependent on foreign 
sources, importing approximately 6.1 mil- 
lion carats. Owing to political instability, 
supplies from Zaire and other areas remain- 
ed in potential danger of disruption. Output 
was largely dependent on the output of gem 
diamond, which was limited by economic 
and other factors not directly related to the 
demand for industrial stones. Discovery of a 
large deposit of diamond predominantly of 
industrial quality in Australia was expected 
to substantially improve the supply by 1986. 
Increased use of synthetic polycrystalline 


diamond compacts and other synthetic 
products was also expected to alleviate any 
supply shortfall. 

Exports plus reexports of industrial dia- 
mond dust and powder, including synthet- 
ics, was at a record level of 42.3 million 
carats valued at $82.5 million. Exports plus 
reexports of stone totaled 3.2 million carats 
valued at $34.1 million. 

Several of the more than 100 known 
kimberlite occurrences in the Colorado- 
Wyoming State Line District and the Iron 
Mountain District of Wyoming had been 
evaluated and 14 had yielded diamond. 
According to the Deputy Director of the 
Geological Survey of Wyoming, one of the 
exploration companies temporarily stopped 
its project because the evaluation of several 
of the diamondiferous kimberlites had 
yielded only 0.005 to 0.01 carat per ton. It 
was reported that the gem-to-industrial- 
diamond ratio of these samples was similar 
to that of the Republic of South Africa and 
that one of the stones weighed approximate- 
ly 1 carat.‘ This firm again instigated an 
evaluation program. Another firm that was 
investigating the Sloan kimberlite had giv- 


‘en no evaluation reports and curtailed the 


program because one of the joint venture 
partners withdrew. 

Rapid detection and analysis fieldwork, 
partially funded by the National Aeronau- 
tics and Space Administration, was com- 
pleted by the Geological Survey of Wyoming 
and the University of Wyoming, Depart- 
ment of Geology. Initial findings were en- 
couraging, and results indicate that some 
kimberlite occurrences can be detected with 
remote techniques. The Survey was contin- 
uing its stream sediment program. This 
program proved to be the most effective and 
valid method of locating the kimberlites; 
however, the technique is very time consu- 
ming and labor intensive. 


Table 10.—U.S. imports for consumption 
of industrial diamond 
(excluding diamond dies) 


(Thousand carats and thousand dollars) 


Year 


Quantity Value 
EE 20,404 110,510 
eae 19,127 85,837 
ias 24,877 88,617 
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WORLD REVIEW 


Angola.—Companhia de Diamantes de 
Angola (DIAMANG) diamond mining com- 
pany was 77% controlled by the Govern- 
ment through the state mining enterprise 
Empresa Nacional de Diamantes de Angola. 
The Belgian companies, Société Generale 
des Mines and Sibeka, together shared a 
17.4% interest. 

Hindering efforts to improve productivity 
has been the increase in the amount of 
smuggling and theft, estimated to deprive 
the Government of up to 50% of diamond 
income. 

DIAMANG's total work force numbered 
about 17,000 deployed at several operations 
within a vast concession in Lunda Norte 
Province. There were three regional mining 
divisions—Andrada, Lucapa, and Cuango— 
with some operations as far as 400 kilome- 
ters from the mine headquarters at Dundo. 
The formidable infrastructural problems 
and support services required that the engi- 
neering division alone employ some 7,500 
workers. 

The great majority of diamonds were 
recovered from alluvial terrace and river- 
bed gravels, the latter frequently requiring 
extensive river diversions during the dry 
season and the use of explosives to gain 
access to the rich gravels in deep potholes 
and crevices on the riverbed. Whereas the 
average grade of alluvial gravels in the 
Lucapa and Andrada divisions runs from 
0.2 to 0.3 carat per cubic meter, the river 
gravels of the Cuango River average 2.5 
carats per cubic meter, with some rich 
pockets yielding up to 100 carats per cubic 
meter. About 90 kilometers of the Cuango 
River remained to be mined. There were 
also ample alluvial reserves remaining in 
other regions, so that there was no great 
haste to mine the extensive kimberlites that 
had been discovered. Limited open pit min- 
ing of the weathered tops of two pipes, 
Catoca and Camajico, was carried out, but 
the Camofuca Camazombo pipe—one of 
the largest in the world—was still being 
evaluated.* 

Australia.—The diamond processing 
plant capacity of Argyle Diamond Mines 
Pty. Ltd. alluvial deposits was expanded 
from 2,000 to 4,000 tons per day in early 
1983 and was targeted to reach 5 million 
carats. However, by yearend, the output 
exceeded 6.2 million carats partially attrib- 
uted to a higher-than-anticipated diamond 
yield per ton of raw material processed. In 
the first commercial sale of diamonds from 
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the alluvial mining operation, 200,000 car- 
ats was sold for an estimated $1.9 million 
to De Beers Consolidated Mines Ltd.’s Cen- 
tral Selling Organization (CSO)? The CSO 
was expected to market 95% of the gem- 
quality diamond and 71% of the near-gem 
and industrial stone during the mining of 
the alluvial deposits and during the first 5 
years of full production from the AK-1 
kimberlite pipe. 

Development of the AK-1 kimberlite pipe 
to full production was given the go-ahead by 
the Western Australia government. Part- 
ners to the joint venture had been negoti- 
ating for some time with the State govern- 
ment over infrastructure development for 
the mine. The joint venture wanted to fly its 
workers in and out of the remote Kimberley 
region minesite while the government 
wanted a new township built. The two 
parties signed an agreement, modifying the 
original State agreement, to delete the re- 
quirement that a new town be built. In 
return, the State government would receive 
$43.5 million in additional advance royal- 
ties. There was to be an equivalent offset 
against royalties otherwise payable be- 
tween 1986 and 1993. The State used part of 
the advance payment to purchase the Bond 
Corp.s wholly owned Northern Mining 
Corp. NL for $36.5 million. This is the same 
amount paid by Bond when it acquired the 
holding, then owned 39% by Endeavor Re- 
sources Ltd., in late June.* 

The second phase of the $413 million 
AK-1 kimberlite pipe project was to involve 
preparation of the pipe for commercial min- 
ing, which includes prestripping of 20 mil- 
lion tons of overburden; construction of a 
3-million-ton-per-year-capacity treatment 
plant; construction of metal-style accommo- 
dation and recreational facilities; construc- 
tion of an all-weather jet aircraft landing 
Strip; and construction of offices, work- 
shops, and warehouses. The Argyle kimber- 
lite mine was expected to be in production 
in 1986. Annual output was expected to 
eventually reach 25 million carats of dia- 
mond per year, with a projected minimum 
mine life of 20 years. The alluvial mine was 
to continue operating during construction 
of the stage two project.» When completed, 
the Argyle Mine was expected to be by far 
the world's largest diamond mine and 
Australia the world's largest diamond- 
producing country. 

Another alluvial diamond deposit was 
discovered off Bow River near Lake Argyle 
in northwest Western Australia. Gem Ex- 
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ploration and Minerals Ltd. reported that 
diamondiferous gravel totaling 58 million 
tons, which could eventually be upgraded to 
more than 220 million tons, was found 
following tests carried out in conjunction 
with Freeport of Australia Pty. Inc. A total 
of 2,371 diamonds was recovered from 2,590 
tons of material during bulk testing. The 
average diamond size was 0.16 carat, in- 
cluding an average of 0.21 carat in one area. 
The 398 carats obtained from the bulk 
sample represent a grade of almost 17 
carats per 110 tons. The largest stone 
weighed 5 carats and was of industrial 
quality, but the batch included a 3.2-carat 
gem diamond. The diamonds were valued at 
an average of $15.65 per carat.!? 

Afro-West Mining Ltd. reported recovery 
of diamonds from claims tested along 
Smoke Creek in Western Australia. The 
company was increasing its treatment ca- 
pacity at the Smoke Creek claims, down- 
stream from the Argyle project, and was 
working in joint venture with Aracca Min- 
erals Ltd., a wholly owned subsidiary of 
Aracca Petroleum Corp. A total of 4,006 
tons of material was stockpiled adjacent 
to the treatment area so that testing 
could be continued into the wet season. 
Afro-West regarded the initial results as 
encouraging.!! 

Botswana.—Continued increases in pro- 
duction from the new mine at Jwaneng in 
conjunction with output from the Oprapa 
and Lethakane Mines made Botswana sec- 
ond in world production of natural diamond 
and first in production of gem diamond. 
During the past few years, Falconbridge 
Ltd., Exploration Div., had centered its 
main diamond prospecting efforts in 
Botswana, and over 60 kimberlite pipes had 
been located in northeastern Kgalagadi Dis- 
trict and in the southern part of Kgalagadi 
around Tshabong. The most promising dis- 
covery covers 27 acres, and Falconbridge, 
with The Superior Oil Co. of Houston, a 
major partner, started operation of a bulk 
sampling treatment facility at the site. De 
Beers had the right to acquire a 50% 
interest.!? 

Guinea.—Aredor Holdings Ltd. of Aus- 
tralia planned to bring on-stream in early 
1984 the world's latest diamond mine. With 
a rated production of 250,000 carats per 
year, the operation, by world standards, was 
not particularly large but 90% of the output 
was expected to be gem-quality diamonds. 
Initial prospecting showed the average 
size of stone to be 0.8 to 1 carat with an 


estimated value of $185 to $200. Aredor had 
sufficient reserves to last about 14 years, 
although the company hoped to establish 
further reserves in the lease area that 
would enable 1 million tons per year of 
gravel to be processed. The cost of the 
venture had reached $79.1 million. Aredor, 
which had an equal share in the project 
with the Government of Guinea, was owned 
by Bridge Oil Ltd. (79.2%), the Internation- 
al Bank for Reconstruction and Develop- 
ment (World Bank) (11.3%), Industrial Dia- 
mond Co. (5%), Bankers Trust of Australia 
(3.5%), and Simonius Visher and Co. (19%).*? 
Based on the results of a detailed feasibility 
study, the U.S. Government agency, Over- 
seas Private Investment Corp. agreed to 
provide political risk insurance on Bridge 
Oil's investment in the oroiect The gem 
stones were to be marketed by both Aredor 
Sales of Aredor Guinea SA and the Guinean 
Government on a 70-30 basis, while the 
industrial stones were to be sold on a 50-50 
basis.!5 

Namibia.—Production of diamonds had 
fallen 35% since 1980. De Beers cut back 
production, closing one of the four main 
conglomerate treatment plants, because of 
the weak diamond market and huge stock- 
pile, particularly the large gem stones over 
1 carat in size that Consolidated Diamond 
Mines (Pty.) Ltd. (CDM) produced in abun- 
dance. During the first half of 1983, sales of 
rough diamonds by CSO were 40% higher in 
dollar terms than for the second half of 
1982, confirming an ongoing recovery of 
demand. 

The fall in sales by CDM had particularly 
serious consequences on Namibia’s fi- 
nances. Normally, the 10% diamond export 
duty, diamond profits, and income tax had 
covered 40% of the administration's ex- 
penditures, but, in 1983, the revenues only 
covered 4% of expenditures.!* 

Romania.—After developing its own tech- 
nology, Romania had set up the Dacia 
Synthetic Diamond Plant in 1974. Four 
types of synthetic diamond were produced, 
ranging in size from 0.25 to 800 microme- 
ters. Romania planned to start large-scale 
production and use of synthetic diamond 
bits and blades. The use of this type of 
equipment has increased sevenfold from 
1976 to 1981. Synthetic diamond bits were 
expected to play an important role in oil 
well drilling. Romania was also interested 
in developing technology for the production 
of synthetic polycrystalline compacts and 
cubic boron nitride compacts.*” 
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South Africa, Republic of.—A new off- 
shore diamond field, extending from Nama- 
qualand, near the border with Namibia, to 
within 120 kilometers of Cape Town, was 
opened by the South African Department of 
Mineral and Energy Affairs. The field was 
divided into eight shallow and middepth 
sections and two deepwater sections. More 
than 500 tenders were made. The area 
was unusually rich in gem stone-quality 
diamonds.!* 

De Beers continued to investigate and 
evaluate the cluster of diamondiferous 
pipes on the Venetian farm in northern 
Transvaal and other prospectors flocked to 
the area. Trans Hex Co. purchased Dawn 
Diamond Co. and planned to explore and 
develop the areas in which Dawn had been 
operating.!? 

Mafikeng Diamonds Ltd. conducted a test 
mining operation on an alluvial diamond 
deposit located about 10 kilometers from 
Mafikeng Bophuthatswana, in the Republic 
of South Africa. The mine, managed by Rio 
Tinto South Africa, a subsidiary of Rio 
Tinto Zinc Corp. Ltd. commenced oper- 
ations in June at a planned output of 1,300 
tons per day of gravel. It was thought that a 
full year of operation would be needed 
before the distribution and value of the 
diamonds in the deposit could be determin- 
ed. The deposit had first been actively 
mined in the 1920's by individual diggers. 
Rio Tinto first began investigations into the 
area in 1981 and, after confirming the 
presence of diamonds, took out a mining 
lease; a modern diamond recovery plant 
was installed. Although the deposit is 
known to be of low grade, the company was 
hoping that modern recovery methods ap- 
plied on a larger scale than previously 
practiced would justify a long-term mining 
operation.?? 

U.S.S.R.— Production of new types of syn- 
thetic diamond began at the Kabardino- 
Balkar diamond instrument plant at Terels 
in the Caucasian region in honor of the 
Lenin Komsomal.* The first batch of syn- 
thetic diamonds from the Tashkent Abra- 
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sive Plant was of superior quality. New 
synthesizing equipment was installed that 
was claimed to increase production tenfold. 

Venezuela.—A new law that revoked a 
system of unlimited approval of mining 
rights resulted in some 20,000 small miners 
in the Guaniamo diamond district losing 
their sole means of livelihood. The new law 
was introduced because of poor diamond 
recoveries caused by inefficient mining 
techniques. In addition, an estimated 65% 
of the diamonds was being smuggled out of 
the country. Under the new arrangement, 
miners and companies were required to 
demonstrate their technical and economic 
ability before being granted mining rights. 
As a result, small mines were forming 
cooperatives that would be regulated by the 
National Superintendency of Cooperatives 
and the Ministry of Energy and Mines.? 

Zaire.—The Société Miniére de Bakwan- 
ga (MIBA) had been experiencing problems 
resulting from a substantial decline in its 
ore grade and, in an effort to ensure its 
future, had resorted to more intensive kim- 
berlite mining and exploration of the 
Mbujimoyi riverbed and its adjacent flats 
using new dredging techniques. The compa- 
ny had invested more than $10 million in 
1982 on this project, and the new dredge 
was scheduled to start operating by year- 
end. 

The average selling price had decreased 
substantially in 1981 to $9.39 per carat and 
continued the decline in 1982 to $7.59 per 
carat. However, the new agreement for. 
marketing of MIBA's production, signed in 
March 1983 between Société Zairoise de 
Commercialisation de Minerais and British 
Diamond Distributors Ltd., which belonged 
to CSO, opened the way for a return to a 
higher level of price.?* 

Financing was arranged for further devel- 
opment of the MIBA Mine. The goal was to 
increase production from the present level 
of 6 million to 12 million carats per year, 
which had been the level of output in the 
early 1970's.2* 
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TECHNOLOGY 


An industrial diamond plant was estab- 
lished in Ireland by the Specialty Materials 
group of General Electric. The plant, which 
was to initially employ 250 workers, was to 
produce superabrasive diamonds for use in 
drilling and metal cutting.?5 

A study by the Japanese was conducted 
on the effects of graphite additives on the 
sinterability of diamond compacts. Dia- 
mond and diamond-graphite powder mix- 
tures were sintered on tungsten carbide- 
cobalt substrates at 1,400? C to 1,500* C and 
5.8 gigapascals. Microstructure and cutting 
performance were studied in detail for the 
sintered diamonds obtained as functions of 
the particle size of the diamond, graphite 
and cobalt content, and type of graphite 
used. Well-sintered bodies with a fine- 
grained homogeneous microstructure and 
extensive direct bonding between diamond 
particles were produced when graphite ob- 
tained from diamond or partially graphitiz- 
ed diamond was used. Cutting performance 
was evaluated by measuring the surface 
roughness of an aluminum-silicon alloy fin- 
ished with tools made from the sintered 
bodies and by determining the flank wear 
resistance of the tools. An optimum graph- 
ite content was found at about 50% to 70% 
by volume in the partially graphitized 
starting material.?e 

Needle-shaped crystals found in samples 
of synthetic diamond grits were examined 
by X-ray diffraction, optical methods, and 
scanning electron microscopy. It was shown 
that these crystals are cyclic twins with a 
morphology hitherto unreported. The crys- 
tal habit of these cyclic twin crystals results 
from pronounced (100) faceting, characteris- 
tic of synthetic diamond, in addition to the 
(111) growth faces, thereby producing the 
needle-shaped crystals observed. This was 
different from the five-branched star cyclic 
twin crystal habit previously found in both 
natural and synthetic diamond grits and in 
which only (111) facets were present.? 

Study of inclusions in the diamonds and 
xenoliths of diamond-bearing rock supplied 
important information about the composi- 
tion of the upper mantle of the Earth at a 
depth of 150 to 250 kilometers. Further 
study of kimberlite mineralogy will be re- 
quired to solve fundamental problems of 
composition and physicochemical condi- 
tions in the Earth's mantle before these 
techniques will be an aid in the search for 
new primary sources of diamond.?* 

The Bureau of Mines tested new designs 
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of drag bit cutters with sintered diamond 
inserts instead of standard tungsten carbide 
tips. The bits were tested for orthogonal 
cutting forces, primary dust generation, and 
incendivity, with a standard plumb-bob- 
type conical cutter (60* included tip angle) 
as the reference. Preliminary wear and 
impact-failure testing was also done. The 
results were mixed. Two new designs had 
forces similar to those of the reference bit, 
but one new design had about twice the 
normal force. This same design had almost 
twice the specific energy during shallow 
cutting but generated an equal or slightly 
lower amount of primary dust than did the 
reference bit. Incendivity was eliminated 
for two radial designs. One conical design 
had ignition only after more than 15 im- 
pacts, but the other conical design was 
incendive. Impact failure occurred, but not 
as quickly as anticipated. Over 7,500 im- ` 
pacts on a sandstone face, with a total 
cutting distance of more than 1,980 meters, 
only scuffed the leading edge of the sintered 
diamond cutting face but caused hairline 
cracks in the substrate mounting pad. Addi- 
tional design and testing were recommend- 
ed to develop an optimum cutter, but the 
material appeared to be promising.?? 

A newly developed laser-welded saw 
blade effectively launched diamond technol- 
ogy into an area traditionally held by the 
conventional abrasive blade. Conventional 
dry-cutting blades had been used with port- 
able saws to cut bricks, concrete, tiles, and 
other building materials. Although they 
were relatively inexpensive, blade life was 
short, downtime owing to blade changing 
was high, and cutting rates were often very 
low. Moreover, there was a continuing safe- 
ty hazard from possible blade bursting. The 
need for water coolant prevented the appli- 
cation of the diamond saw as the preferred 
blade for portable machines in the tradi- 
tional building areas. However, the new 
laser-welding technique used to bond the 
diamond segments to the steel blade center 
provided a joint that was actually stronger 
than either the steel or the diamond- 
impregnated segment. Consequently, the 
temperatures generated in dry cutting, 
which would dislodge conventionally brazed 
segments, were no longer significant.*° 

A recently developed synthetic polycrys- 
talline diamond product manufactured by a 
domestic producer was obtaining excellent 
results in core drilling when used in appli- 
cations usually reserved for natural, single- 
crystal industrial diamond. This synthetic 
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diamond product was being supplied in 
triangular, rectangular, and cylindrical 
Shapes for setting in drill bits and for uses 
as diamond dressers and tools. Economic bit 
life of the triangular diamond set in core 
bits proved to be 60% longer than mined 
diamond bits, and drilling cost per foot was 
33% lower when used in drilling shale and 
sandstone formations. Penetration rates 
were twice as fast as that of the natural 
diamond bit without any increase in the 
weight on the bit. When the synthetic 
diamond shapes were used for dressing 
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aluminum oxide grinding wheels, the syn- 
thetic diamond product outlasted the mined 
diamond tool through three relaps, result- 
ing in two to three times longer tool life. 
The synthetic diamond product was also 
being used successfully for dressing silicon 
carbide grinding wheels.*? 

Abstracts relative to diamond materials 
and machines, including patents, were pub- 
lished monthly from January to June in the 
Industria] Diamond Review. Each 1983 
monthly report contained 17 to 23 pages of 
abstracts and patent information. 


MANUFACTURED ABRASIVES 


Manufactured abrasives operations con- 
tinued to be depressed. These materials had 
supported heavy industries such as steel, 
foundry, and automotive and were reliable 
indicators of economic condition of the in- 
dustrial segment of the economy both na- 
tionally and worldwide. Production was 
approximately the same as that of 1982 and 
was again reported at its lowest level for 
silicon carbide since 1963, for fused alumi- 
num oxide since 1958, and for metallic 
abrasives since 1964. 

Five firms produced crude fused alumina 
in the United States and Canada at eight 
plants. Production was at only 42% of 
furnace capacity. Reported production of 
white high-purity material increased 7% to 
15,940 tons, but was only 5096 of the normal 
previous level. Production of regular mate- 
rial increased 4% in quantity and 14% in 
value to 121,167 tons and $42.6 million, 
respectively. Almost all of the combined 
output of white and regular material was 
for abrasive application. One company re- 
ported shipping a small quantity of regular 
material for refractory manufacture. Re- 
ported yearend stocks totaled 12,427 tons. 

During the latter part of the year Suri- 
name Aluminum Co., a subsidiary of Alu- 
minum Co. of America in Suriname, 
announced that it would no longer supply 
calcined bauxite for abrasive applications. 
Suriname had been the largest supplier of 
abrasive-grade calcined bauxite to North 
America.?? Most of the companies made up 
supply shortages by purchasing calcined 
bauxite from Australia and China; however, 
some of the companies were uneasy with 
the primary supply being so remote and 
preferred long-term commitments from a 
more proximate supplier. 

Sohio made an unexpected announce- 
ment in mid-March of plans to close or sell 


Carborundum's worldwide bonded and coat- 
ed abrasives operations. The only excep- 
tions were to be the integrated operations in 
Brazil and the Republic of South Africa. 
Although Carborundum withdrew from the 
bonded and coated abrasive market, it con- 
tinued to produce silicon carbide and fused 
aluminum oxide through its Electromin- 
erals Div., which was consolidated with the 
Processed Minerals Sector of Sohio Chemi- 
cal and Industrial Products Co., along with 
Qit-Fer et Titane Inc a 

The Domestic Coated Div. of Carborun- 
dum was sold to a Chicago investor group 
and was to operate as Carborundum Abra- 
sive Inc. The domestic bonded abrasive 
operations in Logan, OH, were purchased 
by two former Carborundum executives and 
were to operate as the Carborundum Grind- 
ing Co. The Niagara Falls, NY, bonded 
abrasive operation was not expected to re- 
open. The Canadian coated abrasives oper- 
ations were sold to former Carborundum 
executives and a Canadian investor group. 
The other foreign operations were sold to 
division and plant management employees 
together with local investors. 

Exolon, Tonawanda, NY, and ESK, 
Hennepin, IL, signed a memorandum of 
intent to combine all of their silicon carbide 
and fused aluminum oxide operations to 
form a new company, The Exolon-ESK Co. 
The merger was expected to be formalized 
by early 1984. ESK was owned by the West 
German company Wacker Chemie AG, 
which also owned  Elektroschmelzwerk 
Kempten AG in the Federal Republic of 
Germany. No changes were anticipated in 
the existing operations, and the sales and 
executive offices were to be located in Tona- 
wanda. The principal reasons given for the 
proposed merger were that Exolon was not 
self-sufficient in silicon carbide capacity 
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while ESK had no facilities for processing 
crude silicon carbide and could adequately 
supply Exolon’s processing operations.*5 

One firm produced fused alumina- 
zirconia abrasive in plants in both Canada 
and the United States. All production was 
used for abrasive applications. Output in- 
creased in both tonnage and value. 

Seven firms in the United States and 
Canada produced silicon carbide in seven 
plants. The companies produced crude ma- 
terial for abrasives, refractories, and other 
nonabrasive uses. Total production was only 
52% of furnace capacity. Output during the 
. year decreased 3% to 109,000 tons and value 
decreased 5%. Abrasive use decreased 1% 
and accounted for 36% of output. Metallur- 
gical applications decreased 17% and 
accounted for 39% of the output. Refractory 
applications increased 31% and accounted 
for 25% of the total output. Yearend stocks 
totaled 12,136 tons as of December 31. 

Ferro permanently closed its Canadian 
silicon carbide operation, Produits Refrac- 
taires et Abrasives Electro du Canada Ltée., 
in Quebec Province in June. The plant was 
dismantled and the building shell and prop- 
erty were to be sold. It had been in oper- 
ation for over 35 years. The closing was 
another setback for the North American 
abrasives industry with an additional loss of 
industry furnace capacity. Ferro planned to 
continue to produce abrasive and refractory 
silicon carbide grain and to purchase crude 
silicon carbide from domestic and Canadian 
suppliers. 

Superior Graphite Co. announced that it 
had become actively involved in the market- 
ing of silicon carbide following the success- 
ful completion of the test of its commercial- 
scale proprietary silicon carbide continuous 
furnace. The material was developed for a 
wide range of uses including metallurgical 
additions, refractories, fine abrasive grit, 
and for high-performance ceramics. The 
silicon carbide products were derived from 
the direct run-of-furnace (ROF) silicon car- 
bided carbon grain. This material was made 
by forming silicon carbide on the external 
and internal surfaces of relatively porous 
carbon particles. The silicon carbide is in 
the beta (cubic) crystalline phase form. The 
ROF grain is free flowing and can be used 
directly in metallurgical and refractory ap- 
plications. It can also be further processed 
to remove free carbon and other impurities 
to meet specifications for fine abrasive grit 


and high-purity silicon carbide powders | 


for reaction bonding and  pressureless 
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sintering.** 

Silicon Products Ltd. began recovery of 
silicon carbide from granite sludge at its 
new plant in Elberton, GA. The proprietary 
beneficiation process developed by Silicon 
Products produced a 92%-silicon-carbide 
concentrate that was filtered, dried, and air 
classified into two commercial sizes, a 
coarse minus 100-mesh plus 325-mesh prod- 
uct and a fine minus 325-mesh plus 10- 
micrometer product. A company official 
estimated that approximately 50,000 tons of 
recoverable silicon carbide was located in 
the Elberton area and that an additional 
5,000 tons was being added annually from 
the waste of the granite-cutting companies. 
The city of Elberton recently passed an 
ordinance governing the dumping of emery 
(actually silicon carbide) residue into its 
storm drains.?' 

In the yearend Stockpile Report to the 
Congress by the General Services Adminis- 
tration, the inventory of crude fused alumi- 
num oxide abrasive grain was about 51,000 
tons. Stocks of silicon carbide crude were 
80,550 tons, and the goal was 29,000 tons. 

Metallic abrasives were produced by 11 
firms in 12 plants in the United States. One 
firm that had usually operated two plants 
operated only one plant during 1983. Steel . 
shot and grit comprised 89% of the total 
quantity of metallic abrasives sold or used; 
the balance included chilled iron shot and 
grit and annealed iron shot and grit. Four 
States supplied 100% of the total sold or 
used—Pennsylvania, 38%; Ohio and Michi- 
gan, 24% each; and Virginia, 14%. The total 
quantity, sold or used, increased 5% in 
volume and 4% in value. 

Shipments of chilled and annealed iron 
shot and grit, produced by two companies, 
one in Indiana and one in Ohio, decreased 
6% in quantity and 4% in value. Cut wire 
shot production, primarily stainless steel, 
was reported by two firms, one in Michigan 
and one in New York. 


TECHNOLOGY 
The hard river-quartz aggregates found in 


many parts of the country were known to 


produce especially hard and durable port- 
land cement concrete (PCC) highways. The 
major concern when applying a thin-coated 
PCC overlay was that, prior to application, 
the highway surface had to be clean and a 
good profile needed to be developed that 
ensured bonding. Because the quartz aggre- 
gate was so hard, the profile was not readily 
developed and PCC resurfacing had been 
uneconomical. A shot blaster was developed 
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that can economically clean PCC surfaces. 
The shot blaster uses a veined wheel to hurl 
steel shot at the surface, wearing away 
between 1/16 to 1/8 inch of concrete. After 
hitting the surface, the shot rebounds and is 
caught and recycled. Filters collect the 
dust. In Iowa, last summer, the machine 
cleaned nearly 1 mile of 18-foot-wide, hard- 
aggregate PCC highway per day. Because of 
the superior quality of the cleaning and the 
profile of the cleaned surface, special mixes 
of concrete were not needed for the overlay. 
The shot blaster makes PCC overlays com- 
petitive with asphalt.** 

The physical and chemical properties of 
boron nitride (BN) are very similar to car- 
bon. Graphite-like (g-BN), wurtzite (w-BN), 
and zinc blende (z-BN) are known as poly- 
morphs of BN, corresponding to graphite, 
hexagonal, and cubic diamond, respectively. 
A study was undertaken to clarify the 
structural change in shock-compressed BN 
and to obtain superhard sintered compacts. 
Results showed that the transformation 
from w-BN to z-BN increased with treat- 
ment temperature. The content of z-BN was 
about 50%, after 15 minutes at 1,500° C, and 
80% at 1,600° C. The apparent density 
increased with temperature. The densities 
reached theoretical at about 1,600* C, but 
decreased at higher temperatures. The 
hardness also changed with temperature. A 
new process using dynamic and static very 
high pressure was developed for producing 
very hard compacts. A sintered compact, 
obtained at very high pressure and temper- 
ature, 6.7 gigapascals and 1,600* C, for 15 
minutes and consisting of 20% by weight 
w-BN and 80% by weight z-BN, had theoret- 
ical density and extremely high hardness.?* 

Cubic boron nitride (CBN) has been given 
another big boost in effectiveness in honing. 
CBN has been used as an industrial abra- 
sive for over 15 years, but recent discoveries 
in honing technology has sharply upgraded 
the usefulness of this material. CBN had 
made honing an attractive alternative to 
grinding, reaming, and boring. Not only 
does honing provide superior control of bore 
geometry and size and finish, but it now 
offers some important additional benefits 
because operator inputs are reduced when 
stone life goes up on the order of 20 to 30 
times, and breakdown becomes far more 
consistent and much more predictable. Bore 
size and finish are more closely controlled 
with far less adjusting and compensating by 
the operator. The time saved in changing 
stones alone becomes a sizable bonus. Part 
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preparation is less critical with greater 
Stock removal capacity and improved wear 
characteristics. The superabrasives can tol- 
erate a much wider variation in rough bores 
coming in and still produce good pieces at 
good rates. Previous operations can be 
speeded up without paying a prohibitive 
cost premium at the finish end. Industry 
reports cycle time reductions ranging 
from 30% to 80% and output improvements 
ranging from 15 parts per aluminum oxide 
stone to 1,900 parts per CBN stone.“ 

To identify construction materials for 
emerging technology in chemical metallur- 
gical processes, the Bureau of Mines investi- 
gated the acid resistance of ceramic materi- 
als. Eight commercial ceramic materials 
were evaluated. Carbon brick samples had 
the best acid-resistant properties based on 
leached ion weight loss, followed by silicon 
carbide bricks.*! 

Significant research continued in silicon 
carbide materials technology. Several new 
high-technology products were developed in 
Japan in a range of organosilicon oligomers. 
One of these materials, polycarbosilane, 
converted to fine silicon carbide crystals 
when heated to 800° C to 1,300° C and had 
potential as a bonding material for forming 
very dense silicon carbide refractories for 
advanced ceramic materials.“ 

A unique method to mass produce an 
extremely heat-resistant and high-tensile- 
strength silicon carbide whisker was devel- 
oped in Japan. The fibers, which were 
expected to make an excellent reinforcer, 
were produced by heating a silicon-carbon 
compound to temperatures of 1,500° C to 
1,600° C. The fiber maintained its properties 
when exposed to temperatures up to 1,600° 
C and showed only minimum strength loss 
from 1,600° C to 2,400° C. Tensile strength 
ranged from 7 to 33 times that of ordinary 
steel and from 0.9 to 4.0 times that of carbon 
fibers.*3 

In February, the successful demonstra- 
tion of a nonlubricated, uncooled ceramic 
diesel engine was announced at the nation- 
al meeting of the Society of Automotive 
Engineers. The engine, based on the design 
of Dr. Seamus Timoney at University Col- 
lege, Dublin, Ireland, used Carborundum 
designed and built silicon carbide cylinders, 
pistons, and liners. Initial results showed a 
20% to 50% reduction in friction and signif- 
icant reduction in noise levels. Using a. 
number of advanced ceramic materials, the 
engine was to be further tested under a 
recently awarded U.S. Department of De- 
fense contract.** 
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Table 13.— Crude artificial abrasives manufacturers in 1983 


Location 


Company 


Carborundum Electro Minerals Co., a division of 
Standard Oil of Ohio. 


Vancouver, WA (inactive) __ ____— 
Niagara Falls, Ontario, Canada __ _ 


Niagara Falls, NY |... 


Product 


Fused aluminum oxide 
(high purity). 

Silicon carbide. 

Fused aluminum oxide 


(regular). -> 
Shawinigan, Quebec, Canada _ _ _ _ — Silicon carbide. 
ESK Corp: -------------------—-—- Hennedin, IL ` Do. 
The Exolon Co ____________________ Thorold, Ontario, Canada _______ Fused aluminum oxide 


Ferro Corp., Abrasive Div______________ 


Cap-de-la-Madeleine, Quebec, Canada 
(permanently discontinued oper- 


(regular) and silicon 
carbide. 
Silicon carbide. 


ations in June 1983). 


General Abrasives, a division of Dresser Indus- 
tries Inc. 


Niagara Falls, Ontario, Canada ..... 


Niagara Falls, NY ___________ 


Fused aluminum oxide 
(high purity). 
aluminum oxide 


(regular) and silicon 
carbide. 
Norton Ço coos es es Huntsville, AL... Fused aluminum oxide 
(high purity). 
Worcester, MA ` General abrasive process- 
ing. 
Cap-de-la-Madeleine, Quebec, Canada Silicon carbide. 
Chippewa, Ontario, Canada... — used aluminum oxide 
(regular and high puri- 
ty) and aluminum- 
zirconium oxide. 
Satellite Alloy Corp ----------------- eee PA uh eS Silicon carbide. 
Washington Mills Abrasives Co -___.____-- iagara Falls, Ontario, Canada ` — Fused aluminum oxide 


(regular). 
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Table 14.— Producers! of metallic abrasives in 1983 


‘ Product (shot 
Company Location and/or grit) 

Abrasive Materials Inc _______________ Hillsdale, MI_______________ Cut wire. 
DurastelCo ____________________ _ Pittsburgh, PA ---------------——- Steel. 
Ervin Industries Inc _________________ Adrian, MI_ 22 Do. 

RE Butler, PA ` Do. 
Globe Steel Abrasives Co ______________ Mansfield, OH _ Do. 
Jumbo Manufacturing Inc |... Tippecanoe, IN _____________-__-_~- Chilled iron. 
Metal Tec Steel Abrasives Co ___________ Canton, MI... 2 Steel. 
National Metal Abrasive Co |... - Wadsworth, OH ---------------—- Do. 
The Pangborn Co- ----------------—- Butler: PA AAA Do. 
Pellets Inc _______________ SEN Tonawanda, NY ———-—----------—— Cut wire. 
Steel Abrasives Inc Fairfield, OH |... Chilled iron. 
Wheelabrator-Frye Inc _______________ Mishawaka, IN ________________~_ Steel. 

Ip ce a er iA LULA edo Bedford, VÀ __________________ _ Do. 


!Excludes secondary (salvage) producers. 


Table 15.—Crude manufactured EES in the United States and Canada, 
y kin 


(Thousand short tons and thousand dollars) 


Kind 1979 1980 1981 1982 1983 
Silicon carbide? _________________________ *196 170 156 112 109 
ECH EE €$62,702  :. $64,346 $68,839 $54,507 $52,016 
Aluminum oxide (abrasive grade)! ______________ €225 193 203 132 137 
Valie En E EE E Re Leu *$67,511 $63,881 $73,712 $45,975 $50,565 
Aluminum-zirconium oxide _________________ _ 28 19 W 8 W 
AA EE $14,893 $8,438 $ W $4,600 W 
Metallic abrasives? _______________________ 264 233 228 166 172 
el $84,918 $80,281 $82,952 $62,389 $64,849 
Total. EN €713 615 3587 418 3418 
Total value ------------------—- *$230,024 $216,946 — 3$225,503 $167,471 ` ?$167,430 


*Estimated. W Withheld to avoid disclosing company proprietary data. 
1Figures include material used for refractories and other nonabrasive purposes. 
?Shipments for U.S. plants only. 

3Excludes U.S. and Canadian production and value of aluminum-zirconium oxide. 


Table 16.—End uses of crude silicon carbide and aluminum oxide (abrasive grade) in the 
United States and Canada, as reported by producers 


1982 1983 
Use Quantity Value nnd Quantity Value pen 
(short tons) (thousands) (short tons) (short tons) (thousands) ho tons) 
SILICON CARBIDE 
ENNER e Eeer 40,67 . $22,917 4,955 39,896 $20,680 3,953 
Metallurgical -_____________ 51,251 20,596 8,551 42,300 17,875 5,571 
Refractories and other_________ 20,596 10,994 1,647 26,903 13,461 2,612 
Total EE 112,214 54,507 15,153 109,099 52,016 12,136 
ALUMINUM OXIDE 
Regular: Abrasives plus refractories! 116,727 37,506 19,726 121,167 42,587 10,490 
High purity _______________ 14,846 8,470 1,382 15,940 7,978 1,937 
Total. m ou i 131,573 245,975 21,108 137,107 50,565 12,427 


1 Abrasives combined with refractories to avoid disclosing company proprietary data. 
2Data do not add to total shown because of independent rounding. | 
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Table 17.—Production, shipments, and annual capacities of metallic abrasives in the 


United States, by product: 
Production | Shipments Annual 
Product Quantity Value Quantity Value capacity? 
R (short (thou- (short (thou- (short 
tons) sands) tons) sands) tons) 
1982: 
Chilled iron shot and grit -___--._--.-.-.._-..- W W W W W 
Annealed iron shot and grit - - ------------ W W W W W 
Steel shot and grit- - - - - --------------- 149,741 $54,571 146,910 $55,448 273,000 
Other EE 20,394 7,181 19,530 6,941 36,000 
Totali suaina e Satara P 170,135 61,752 166,440 62,389 XX 
1983: | 
Chilled iron shot and grit . 2. -- W W W W W 
Annealed iron shot and grit .------------- W W W W W 
Steel shot and grit------ooooocooooo...- 154,856 44,825 158,637 57,770 272,000 
A A 16,648 6,507 18,810 7,079 36,000 
AA AA AA 171,504 51,882 171,947 64,849 XX 


W Withheld to avoid disclosing company proprietary data, included with “Other.” XX Not applicable. 

1Excludes secondary (recycle) producers. 

*Total quan Sei the various types of metallic abrasives that a plant could have produced during the year, Working 
an 


three 8-hour shifts per day, 7 days per week, allowing for usual interruptions, and assuming adequate fuel, labor, 
transportation. 


*Includes chilled iron shot and grit, annealed iron shot and grit, cut wire, aluminum, and stainless steel shot. 


Aluminum 


By Frank X. McCawley! and Pamela A. Stephenson? 


World production of primary aluminum 
increased as national economies slowly re- 
covered from the 1982 recession. North 
America led the rest of the world in increas- 
ing primary production. Planning for and 
construction of new smelters, previously 
deferred, were resumed during the year as 
the world aluminum demand began to re- 
cover. Several of the world’s major alumi- 
num producers announced reorganizations 
and changes in operations. 

Domestic Data Coverage.—Domestic da- 


ta for aluminum are developed by the Bu- 
reau of Mines from two separate, voluntary 
surveys of U.S. operations. Typical of these 
surveys is the Aluminum survey. Of the 144 
monthly survey requests sent to 12 compa- 
nies, 92% responded, representing 95% of 
the total primary aluminum production 
data shown in tables 1, 7, and 15. Produc- 
tion data for the nonrespondents were esti- 
mated based on total primary aluminum 
monthly and annual production data from 
various sources. 


Table 1.—Salient aluminum statistics 
(Thousand short tons and thousand dollars unless otherwise specified) 


1979 1980 1981 1982 1983 
United States: 
Primary production - - -- -----------—-- 5,0 5,130 4,948 3,609 3,696 
Wanna E $6,130,302 $7,346,410 $7,520,841 $5,485,121 $5,754,298 
Price: Producer list, ingot, average cents per 
DOUNG A ee EE t 61.0 71.6 16.0 16.0 17.8 
Secondary recovery ____________--_-- 1,401 1,389 1,537 1,616 91,724 
Exports (crude and semicrude) ---------- 173 1,483 867 824 855 
Imports for consumption (crude and semicrude) 840 7113 935 968 1,203 
Aluminum industry shipments! _________ 6,922 6,003 6,054 5,610 P6.654 
Consumption, apparent_______-_-_z._-_--_.-- 5,888 5,065 5,087 4,818 5,543 
World: LTE 716,044 716,944 16,596 P14,802 15,284 
*Estimated. Preliminary. "Revised. 
1To domestic industry. 
Legislation and Government Pro- tracted power resulting from aluminum 
grams.—The Direct Service Industries production cutbacks. One suit filed in the 


(DSD, which include six domestic producers 
in the Pacific Northwest, appealed to the 
Supreme Court a ruling of the three-judge 
panel of the Federal Court of Appeals in 
San Francisco, CÀ, that gave public utilities 
the first rights to nonfirm power provided 
by the Bonneville Power Administration 
(BPA). The Supreme Court agreed to hear 
the dispute during the October 1983 term 
and scheduled early January 1984 for the 
presentation of arguments. A ruling was 
expected in June 1984. On December 23, 
DSI filed two lawsuits against BPA contest- 
ing the customer charge for unused con- 


Federal Court of Appeals, San Francisco, 
claimed that the customer charge violated 
the BPA-DSI contracts since the charge was 
not provided for in the contracts. The sec- 
ond suit, filed in the Washington Court of 
Claims, asked for total damages of $20 
million per month for BPA industrial cus- 
tomers. 

In a separate action, Portland General 
Electric Co., a utility that receives its power 
from BPA, filed a suit in the Federal Court 
of Appeals, San Francisco, criticizing BPA's 
authority to set a reduced rate for surplus 
power. Specifically, the suit challenged the 
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rights of Martin Marietta Aluminum Inc. power. 
and Intalco Aluminum Corp. to cutrate 
DOMESTIC PRODUCTION 


Primary.—Domestic production of pri- 
mary aluminum was 3,696,315 short tons in 
1983. The increase in annual production 
capacity resulted from improved efficiency 
and upgrading of annual production fa- 
cilities at the Aluminum Co. of America 
(Alcoa) smelters at Evansville, IN, and 
Wenatchee, WA; the Alumax Inc. smelter 
at Mount Holly, SC; and the National- 
Southwire Aluminum Co. smelter at 
Hawesville, KY. 

At the beginning of the year, the oper- 
ating rate-of the primary smelters was 58%, 
with 2,282,300 tons of annual capacity shut 
down because of poor economic conditions 
and a weak aluminum market. Additional 
potline closings in January and February 
reduced the operating rate to 56.6%. At the 
beginning of March, the status of the U.S. 
primary aluminum industry was as follows: 
2 smelters permanently closed, 6 temporari- 
ly shut down, 20 operating at reduced capac- 
ity, and 5 operating at full capacity. In 
April, producers began to restart idle pot- 
lines because of an increased demand for 
aluminum by the building and transporta- 
tion industries. In addition, Pacific North- 
west producers responded to BPA’s offer to 
supply surplus power at a reduced rate. Idle 
potlines continued to be restarted through- 
out the remainder of the year because of 
increased demand, and by the end of the 
year, the U.S. primary aluminum operating 
rate was 78%. At yearend, the status of the 
industry was as follows: 2 smelters perma- 
nently closed, 5 temporarily shut down, 7 
operating at reduced capacity, and 19 oper- 
ating at full capacity. Plans were also 
announced for additional restarts of idle 
potlines in early 1984. 

Facilities shut down during January and 
February of 1983 were as follows: Kaiser 
Aluminum and Chemical Corp., a 55,000- 
ton-per-year potline at Chalmette, LA; Arco 
Metals Co., a 36,000-ton-per-year potline at 
Columbia Falls, MT; and Intalco, a 14,000- 
ton-per-year potline at Ferndale, WA. Be- 
tween April and yearend, production was 
restarted at Alcoa’s smelters in Evansville, 
IN, Badin, NC, Alcoa, TN, Rockdale, TX, 
and Vancouver and Wenatchee, WA; at 
Kaiser’s smelters in Spokane, WA, and 
Ravenswood, WV; at Reynolds Metals Co.’s 
smelters in Jones Mills, AR, Troutdale, OR, 
and Longview, WA; and at Arco’s smelters 
in Sebree, KY, and Colombia Falls, MT. 
Potlines were also restarted at Consolidated 


Aluminum Corp.’s (CONALCO) smelter at 
New Johnsonville, TN; Intalco’s smelter at 
Ferndale, WA; Martin Marietta’s smelters 
at The Dalles, OR, and Goldendale, WA; 
National-Southwire Aluminum’s smelter at 
Hawesville, KY; and Noranda Aluminum 
Inc.’s smelter at New Madrid, MO. 

In August, Alumax purchased the assets 
of Howmet Aluminum Corp., Greenwich, 
CT, the U.S. subsidiary of Péchiney (former- 
ly the Péchiney Ugine Kuhlmann Group), 
for a reported $235 million. The acquisition 
gave Alumax full ownership of Eastalco 
Aluminum Co. in Frederick, MD, and Intal- 
co in Ferndale, WA, both of which were 
formerly jointly owned by Alumax and 
Howmet. Also included in the purchase 
were mill facilities in Hawesville, KY, and 
Lancaster, PA; home products facilities in 
Tifton, GA, Lakeland, FL, and Hutchinson, 
KS; fabrication and extrusion facilities; and 
sales and distribution operations. Alumax 
also acquired an option to a 25% share of 
the planned Bécancour smelter in Quebec, 
Canada. 

Arco announced that it was searching for 
a partner to take a 40% share in its Colom- 
bia Falls, MT, smelter as a result of a 
reduced requirement for primary metal by 
the company. 

In the third quarter, Kaiser wrote off 
144,000 tons of annual production capacity 
at its 260,000-ton-per-year Chalmette, LA, 
smelter. Restart of the plant reportedly was 
unlikely. The smelter was shut down in 
February when the last two 27,500-ton-per- 
year potlines were idled. 

Kaiser closed its Halethorpe, MD, hard 
extrusion plant at yearend reportedly be- 
cause of uncompetitive labor costs com- 
pared with costs at similar facilities. In 
May, Kaiser sold its Woodbury, NY, extru- 
sion plant, which supplied construction and 
transportation markets, to Davidson Alumi- 
num and Metal Corp. At yearend, Kaiser 
announced that its Dolton, IL, extrusion 
plant would be closed by April 1984 because 
of an impasse with the local union over 
wage and benefit concessions. Kaiser's re- 
maining extrusion operations are located in 
Los Angeles, CA, Sherman, TX, and New- 
ark, OH. During 1983, Kaiser also sold its 
can body plants in Houston, TX, and Jack- 
sonville, FL, and a lid making plant in 
Wanatah, IN, to the National Can Corp., 
Chicago, IL. Negotiations continued for 
Continental Can Co. Inc. to purchase can 
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manufacturing plants in Edison, NJ, and 
Union City, CA, from Kaiser. 

Reynolds permanently closed its Phoenix, 
AZ, extrusion and fabricating facility in 
October reportedly because of high produc- 
tion costs and a decline in the demand for 
extrusion products. Other closures during 
the year were the Macauley can manufac- 
turing plant at Woodbridge, NJ, and the 
wire, rod, and bar facility at Listerhill, AL. 
A $125 million modernization of Reynolds' 
sheet and plate production complex in 
McCook, IL, included the addition of a 
single-stand, four-high cold-rolling mill, a 
horizontal roller hearth heat-treating line 
for plate, a computerized plate saw, and 
other fabrication equipment. 

In November, Alcoa announced a $250 
million investment in technology and equip- 
ment to modernize its Alcoa, TN, rolling 
facilities. The modernization, expected to be 
completed in 5 to 8 years, included increas- 
ing coil size capabilities, new casting tech- 
nology, and the addition of a continuous 
multistand cold-rolling mill. 

Reynolds purchased a carbon anode facili- 
ty at Lake Charles, LA, formerly owned by 
CONALCO and renamed it Lake Charles 
Carbon Co. The new company was organiz- 
ed to produce calcined coke and carbon 
anodes used for the production of alumi- 
num. Modernization of the plant began 
immediately with full production .expected 
in 2 years. Reynolds reportedly had no 
plans to operate the 36,000-ton-per-year pri- 
mary aluminum smelter at this facility that 
was shut down in August 1981. 

In December 1983, Reynolds announced 
the permanent closing of its wire, rod, and 
bar operations at Listerhill, AL, by March 
31, 1984, after local union members rejected 
a cut in wages. The operation was consid- 
ered noncompetitive with similar plants, 
and the closing removed Reynolds from the 
wire, rod, and bar business. The alloys, 
recycling, and reduction plants at Listerhill 
were not affected by the closing. 

In January, Kaiser and the United Steel- 
workers of America (USWA) agreed on 
several union contract changes for person- 
nel at Kaiser's Ravenswood, WV, smelter. 
The plant was idle since January 1982. 
Under the agreement, workers reportedly 
exchanged work rules, seniority, and job 
combination rights for Kaiser's pledge to 
restart a Ravenswood potline prior to re- 
starting other Kaiser facilities. A 40,000- 
ton-annual-capacity potline was started at 
Ravenswood in May. 


Arco and workers at the Sebree, KY, 
smelter, represented by the Aluminum, 
Brick & Glass Workers International Union 
(ABGWIU), settled a 3-month strike in Au- 
gust. Under the new agreement, wages were 
frozen, but cost-of-living-allowance (COLA) 
increases after a l-year freeze would follow 
every 0.596 change in the Consumer Price 
Index. The smelter was operating at 66% of 
annual capacity, and salaried personnel 
operated the smelter throughout the strike. 
In December, a 60,000-ton-per-year potline 
at Sebree was closed as a result of a power 
switch failure associated with freezing 
weather. The smelter was operating at 
100% capacity prior to the emergency shut- 
down. Full operation of the potline was 
expected to be restored in March 1984. 

The major aluminum producers and the 
USWA and ABGWIU in 1983 signed a new 
3-year master labor contract expiring in 
May 1986. The contract included a freeze on 
wages, modified COLA provisions, and some 
cuts in benefits and bonuses. Similar con- 
tracts were signed by other producers and 
the unions; however, several smelters expe- 
rienced work disruptions until agreements 
were finalized with local unions. By year- 
end, disagreements between management 
and the union were settled with the excep- 
tion of the Metal Trade Council and the 
Ferndale, WA, smelter where negotiations 
were in progress. 

In April, BPA offered producers in the 
Pacific Northwest surplus power at 11.2 
mills per kilowatt hour (kWeh), a consider- 
able reduction from the list rate of 24.6 
mills/kWeh. The offer extended through 
October 31, when it was withdrawn. On 
November 1, BPA raised its power rate 9% 
from 24.6 to 26.8 mills/kWeh. The rate also 
included a provision for a customer demand 
charge of 7.34 mills/kWeh for power not 
used below 90% of full demand. 

The Tennessee Valley Authority (TVA) 
increased its power rate from 35.9 to 
37.8 mills/kWeh for nondisruptable power. 
In November, TVA offered producers sur- 
plus interruptible power at a rate of 25 
mills/kWeh for plants operating between 
20% and 50% of total capacity. Several 
smelters were negotiating with TVA for 
this lower cost power. 

On December 8, the New York Commodi- 
ty Exchange (COMEX) began trading alumi- 
num futures for the first time. Contracts 
are sold for lots of 40,000 pounds of 99.5% 
or 99.7% metal in ingot, sow, or T-bars. 
Ninety-three producers from forty countries 
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received approval for their product from 
COMEX. 

The Toth Aluminum Corp., New Orleans, 
LA, announced plans to begin commercial 
production of aluminum and other metal 
chlorides in January 1984. The $8.5 million 
plant located in Yacherie, LA, reportedly 
has an annual capacity of 8,000 tons. 

Secondary.—The secondary aluminum 
industry increased production and ship- 
ments of aluminum throughout 1983 be- 
cause of increasing demand for metal by the 
transportation and construction markets. 
Primary producers continued to increase 
their utilization of aluminum scrap as a 
means of lowering energy costs for produc- 
tion of ingot. Because of low scrap invento- 
ries, increased purchases of scrap by the 
Japanese, and competition for scrap materi- 
al between primary and secondary produc- 
ers, scrap prices rose rapidly during the 
year. 

Used beverage can scrap (UBC) continued 
to be the largest source of old aluminum 
scrap. Recycled UBC consumed was 574,000 
tons, a 2% increase compared with the 
564,000 tons consumed in 1982. Recycled 
UBC was equivalent to 46.7% of the 1.23 
million tons of aluminum beverage cans 
used in 1983. Furthermore, for past 2 years, 
the percentage of cans recycled declined, 
decreasing from 49.2% in 1981. The decline 
occurred although there was an increasing 
use of aluminum cans each year. 

In 1983, nine States had “bottle-bill” leg- 
islation that placed a mandatory deposit on 
beverage containers. Mandatory deposit leg- 
islation originally was intended to reduce 


litter by encouraging the use of returnable 


glass bottles. However, aluminum has often 
replaced steel, glass, and plastic as a pack- 
aging material reportedly because of its 
redemption value and ease of handling com- 
pared to the heavier container materials. 


The State of New York, where over 7% of 
the Nation’s beer and soft drinks are sold 
annually in about 8 billion containers, 
about one-half of which are aluminum, 
implemented its mandatory deposit law in 
July. In most States that have enacted 
bottle-bill legislation, aluminum container 


- returns have exceeded 90%.‘ 


Zenith Metals Inc., a subsidiary of Indus- 
trial Mineral Products Co., closed its Los 
Angeles, CA, 1,200-ton-per-year secondary 
smelter in February as a result of poor 
economic conditions. The smelter, which 
was offered for sale, produced notch bars for 
deoxidizing ferrous materials. The Alumi- 
num Smelting and Refining Co. Inc. began 
production of 15,000 tons per year of steel- 
mill deoxidizing notch bars at its previously 
closed 45,000-ton-per-year secondary smelt- 
er in Painsville, OH, in March. 

Dow Chemical Co. acquired an interest in 
Metal Mark Inc. Metal Mark had four 
subsidiaries that processed up to 30,000 tons 


annually of aluminum-bearing drosses gen- 


erated by primary, secondary, and other 
type aluminum plants, primarily located in 
the Midwest. 

In October, Alumax formed the Alumax 
Recycling Group, which will operate the 
secondary aluminum smelters of its subsid- 
iary Apex International Alloys Inc. The 
group will operate secondary aluminum 


operations in Cleveland, OH, and Bicknell, 


IN, and will have its headquarters in Des 
Plains, IL. 

Alcan Aluminum Corp., Cleveland, OH, . 
formed the Alcan Recycle Div. for process- 
ing UBC. The company installed $4.3 mil- 
lion of decoating and auxiliary equipment 
at its Greensboro, GA, recycling plant and 
planned to install $9 million of casting 
equipment for the production of 25,000- and 
30,000-pound sheet ingots. 
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Table 2.—Primary aluminum production capacity in the United States, by company 


Company 


Alumax Inc.: 
Mount Holly, SC ooo 


Aluminum Co. of America: 


Deise N 
Palestine, TX ___________________ _ 
Point Comfort, TX _________________~- 
Rockdale, TX _____________________ 
Vancouver, WA __________________~_ 
Wenatchee, WA ___________________ 


Arco Metals Co.:! 
Colombia Falls, MT ________________~- 
bree, KY o o AE 


. Consolidated Aluminum Corp.: 
Lake Charles, LA2... 
New Johnsonville, TN |... ... 


Total d ta cott ee eS 
Eastalco Aluminum Co? 
Frederick, MD 2222 ---—-—_— 


Intalco Aluminum Corp. 2 
Ferndale, WA ____________________ 


Kaiser Aluminum and Chemical Corp.: 
Chalmette, LA ____________________ 


Mead (Spokane), WA _________~_______ 
Ravenswood, 
Tacoma, WA uu a Mee Re ee 


Martin Marietta Aluminum Inc.: 
The Dalles, OH ` ----------------—- - 


Goldendale, WA ___________________ 


Tota 
N BN E Aluminum Co.: 
Hawesville, KY ___________________ 


Noranda Aluminum Inc 

New Madrid, MO PRA A EA 
Ormet Corp 

Hannibal, OH 22 20 it tor li RI 


Revere Copper and Brass Inc.: 
Scottsboro, AL 22 22 see cea 


Reynolds Metals Co.: 
iba AO 
Corpus Christi, TX__________________ 
Jones Mills, AR ` 2o... 
Listerhill, AL- ------------------—- 


Massena, NY 
Troutdale, OR ____________________ 


1 Purchased from Anaconda Aluminum Co. in 1982. 


2Sold to Reynolds Metals Co. in 1983. 
3Equity share sold by Howmet Inc. in 1983. 


1973 1983 
Yearend capacity 
(thousand short tons) 

Se 200 
270 220 
120 127 
280 298 
135 226 
SE 16 
185 Ja 
285 . 942 
115 121 
180 226 
1,570 1,576 
180 180 
120 180 
300 360 
36 Ge 
141 146 
177 146 
88 176 
260 280 
260 260 
206 220 
163 164 
81 80 
710 124 
90 90 
111 185 
201 215 
180 190 
70 225 
250 270 
112 116 
68 68 
114 114 
125 125 
202 202 
210 210 
126 126 
130 130 
975 975 
4,893 5,513 


1983 


Ownership (percent) 


AMAX Inc., 50%; Mitsui & Co., 45%; 
Nippon Steel Corp., 5%. 


Aluminum Co. of America, 100%. 


SISSSSSS 


ids x Richfield Co., 100%. 


Swiss Aluminium Ltd., 100%. 
Do. 


Alumax Inc., 100%. 
Do. 


Kaiser Aluminum and Chemical 
EE 100%. 


Do. 
Do. 


Martin Marietta Corp., 87.2%; 
private interests, 12.8%. 
Do. 


National Steel Corp., 50%; Southwire 


., 00%. 
Noranda Mines Ltd., 100%. 
Revere Copper and Brass Inc., 34%; 
EOD ated Aluminum Corp., 


6%. 


Revere Copper and Brass Inc., 100%. 


Reynolds Metals Co., 100%. 


SSIS 
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CONSUMPTION 


The packaging industry continued to be 
the major consumer of aluminum. Approx- 
imately 1.23 million tons of aluminum was 
used to make 56.6 billion cans,> assuming 23 
cans to the pound. An aluminum beverage 
bottle, a new type of recyclable container, 
was introduced in Oshkosh and Eau Claire, 
WI, by Pepsico Inc. and in Pensacola, FL, 
and Mobile, AL, by Dr. Pepper Inc. during a 
test-marketing period. The unique features 


of the container are its resealability and - 


adaptability to be filled by conventional 
bottling machinery.* Continental Can man- 
ufactured the bottle on a pilot line in 
Baltimore, MD. Alcoa and Continental Can 
entered a joint venture to produce a two- 
piece aluminum food can scheduled for 
possible production in mid-1984.7 The cans, 
using 5042 aluminum alloy, were to be 
manufactured by a drawing process from 
as-rolled metal sheet and were to have a 


higher height-to-diameter ratio than pres- 
ent cans made from precoated aluminum 
sheet. Acting on a petition based on re- 
search by Reynolds, the Food and Drug 
Administration amended its regulation on 
processing food in retortable pouches to 
allow foods to be processed at temperatures 
up to 135” C.* The number of food prod- 
ucts and the quality of food available in 
aluminum-laminated pouches were ex- 
pected to increase as a result of the amend- 
ment. | 

Domestic passenger car sales increased 
during 1983, increasing the demand for 
aluminum metal. However, the weight of 
aluminum utilized in new models did not 
increase. Lower interest rates and a higher 
employment rate were the leading causes 


. for increased use of aluminum in the con- 


struction of homes and buildings and the 
production of consumer durables. 


Table 3.—Consumption of and recovery from purchased new and old aluminum scrap! in 
the United States, by class 


(Short tons) 
Calculated recovery 
Class Consumption ————————————————— 
Aluminum Metallic 
1982 
Secondary smelters ___________.~_~______i~__ ooo 888,828 712,847 769,555 
elt 741,713 621,509 666,280 
Fabricators EE 218,128 186,024 199,175 
Foundries APA A A A O A TAN 90,315 76,080 81,871 
Chemical producers ~- ------------------—-—-—---—--——_- 39,904 17,683 18,300 
Total, EE EE 1,978,888 1,614,143 1,735,181 
Estimated full industry coverage _________~_____________ _ 2,095,000 1,707,000 1,836,000 
1983 

Secondary smelters _____________________________ Le 905,379 725,033 783,445 
Primary produčers- a etia wee eee 853,133 716,809 768,322 
Fabricators EE 212,216 181,900 194,654 
DEE TEE 95,489 79,652 85,678 
Chemical producers - ------------------—--—-——-——_— Ee 41,413 18,840 19,466 
Total oi ec eco LES EE 2,107,630 1,722,234 1,851,565 
Estimated full industry coverage |... ___________________ 2,226,000 1,817,000 1,954,000 


lExcludes recovery from other than aluminum-base scrap. 
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Table 4.—Aluminum recovered from purchased scrap processed in the 
United States, by kind of scrap and form of recovery 


(Short tons) 
1982 1983 
KIND OF SCRAP 
New scrap: 
Chute tte oe oe 1855,429 2924,453 
Copper Dase c unco e Leni de CS ese bcr E 103 *90 
Line pase oa Sats m uu Ld. sleep La D LA a eI NELLE Er. 176 273 
Magnesium-base ~~ ooo ooo doo 167 193 
AAA cx II a 855,875 *925,009 
Old scrap: 
Aluminum-bas? . 222 Le 158,114 797,720 
CODDeDDase ocn eee unc E 49 *45 
Zine ec onec NA cut a AUR i el ga et 670 711 
Magnesium-base |. - -------------------—-——---—-—-——-————— 322 322 
Total ee Seo aar A T ale AO e ey CRE Ret det T159,155 €798,798 
Grand AA ee EE EE 71,615,630 *1,723,807 
FORM OF RECOVERY 
Unalloyed:=->= co e do a e o a id de idas 387 433 
Aluminum alloys -----------------------—--—-----—-———-—-———-— 1,572,174 1,678,688 
In brass and bronze == e a a 152 €135 
In zinc-base EE 846 984 
In magnesium alloys -—----------------------—--——-—--—-——————— 489 515 
Dissipative forms «e eoe meet. Lu Leu s oA LA Le eL ue e te o 41,582 43,052 
TOA ——— —————————————— P ——Ó 71,615,630 *1,723,801 


“Estimated. "Revised. 

1The amount of aluminum alloys recovered from aluminum-base scrap in 1982, including all constituents, was 913,189 
tons from new scrap and 821,992 tons from old scrap and sweated pig, a total of 1,735,181 tons. 

2The amount of aluminum alloys recovered from aluminum-base scrap in 1983, including all constituents, was 986,952 
tons from new scrap and 864,613 tons from old scrap and sweated pig, a total of 1,851,565 tons. 

3Includes recovery in deoxidizing ingot assuming 85% aluminum content in such ingot. 
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Table 5.—Stocks, receipts, and consumption of purchased new and old aluminum scrap! 
and sweated pig in the United States in 1983 


(Short tons) 


Class of consumer and type of scrap 


Secondary smelters: 


Othe 


Old scrap: 
Castings, sheet, clippings 


Aluminum cans 
Other 


Total 


Total secondary smelters ________________~_ 


Primary producers, foundries, fabricators, chemical plants: 


New scrap: ` 


Solids and clippings - - - - - - --- ----------—-——- 
Poning and turnings —-------------------—— 
EK 


Dross and skimmings 
he 


Old scrap: 


Castings, sheet, clippings... 
Aluminum-copper radiators - —- - - - ------------—- 
Aluminum cans ome es 
RE 


Total primary producers, etc... 


All scrap consumed: 
New scrap: 


Solids and clippings - - ______________________ 


Borings and turnings 
Foil 


Total new scrap 


Old scrap: 
Castings, sheet, clippings 
Aluminum-copper radiators 
Aluminum cans 
Other 


Total old scrap 
Sweated pig 


Total of all scrap consumed-_____________._ 


W Withheld to avoid disclosing company proprietary data. 


Aluminum-copper radiators__________________ 


` Sweated pig _____________________-____-___ 


eee mg ve ep. ea ea ea esa eel — 
cee mee es em mmm rn mmer a mem zem ve mme 


Other au oiu E E 


Stocks, 
Jan. 1 


17,513 
12,791 


W 
7,812 
250 


38,426 
12,552 
1,452 
2,226 
202 


16,432 
10,405 


65,263 


37,091 
11,451 


116,151 


Net 


receipts? 


259,850 
156,038 
W 


88,198 
17,333 


521,419 
174,051 
24,303 
*102,295 
7,698 


308,347 
73,789 


903,555 


501,952 — 


28,346 
W 


35,371 
39,952 


605,621 


24,978 


586,016 
13,565 


1,205,202 


761,802 
184,384 


1,127,040 


264,063 
25,671 
571,953 
32,676 


894,363 


, 


2,108,757 


Consump- 


tion 


260,307 
156,535 
W 


86,243 
17,273 


520,358 


175,787 
23,053 
102,357 
,761 


308,958 
76,063 


905,379 


498,719 
28,140 
W 


35,406 
38,258 


600,523 


24,586 


587,776 
13,952 


1,202,251 


159,026 
184,675 


1,120,881 


265,807 
24,398 
574,182 
32,347 


896,734 


90,015 - 


2,107,630 


63,439 


8,790 
117,278 


1Includes imported scrap. According to reporting companies, 6.0% of total receipts of aluminum-base scrap, or 125,826 


short tons, was received on toll arrangements. 
2Includes inventory adjustment. Z 
3Includes data on foil. 


“Used beverage cans toll-treated for primary producers are included in secondary smelter tabulation. 
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Table 6.—Production and shipments of secondary aluminum alloys by 


independent smelters in the United States 


(Short tons) 
1982 
: Net 
Production shipments! 
Die-cast alloys: 
13% Si, 360, etc. (0.6% Cu, maximum)... -----------——- 94,899 94,277 
380 and variations —--------------------—-—-——- 381,456 382,153 
Sand and permanent mold: 
95/5 ALS, 356, etc. (0.6% Cu, mxximum) --—--------—- 34,618 34,954 
No. 12 and variations_ ________________________ W 
No. 319 and variations ____________________=___ 47,580 47,192 
F-132 alloy and variations... - - -- ------------—— 10,717 11,176 
-Mg alloys 2 - - -- - ------------—— ee ee 661 819 
AlZnaloyB eu EE ee! 5,058 5,188 
Al-Si alloys (0.6% to 2.0% Cu). 4,759 4,842 
Al-Cu alloys (1.5% Si, maximum) ___________~______ 3,352 3,464 
Al-Si-Cu-Ni alloys. - - - - ------------------—-—— 13,781 13,689 
A AA AA CA 2,448 2,590 
Wrought alloys: Extrusion billets ___________________ 106,426 106,507 
Destructive and other uses: Steel deoxidation: 
Grades 1, 2,3,and4__________________________ 28,116 27,926 
Miscellaneous: 
Pure (97.0% AD _________________________ Le 399 638 
Aluminum-base hardeners `. ________________ 972 1,173 
Other? ____________________ ALL- 19,363 19,247 
q AAA A IA 754,605 755,835 
Less consumption of materials other than scrap: 
Primary aluminum- - - -------------—------——-——— 40,262 T 
Primary silicon -- ------------------—----———— 39,593 Se 
8 TEE 2,405 Da 
Net metallic recovery from aluminum scrap and sweated pig 
consumed in production of secondary aluminum ingot? _ _ _ _ — 672,345 Sch 


89 


1983 
. | Net 
Production shipments! 
103,786 103,743 
391,837 396,685 
36,705 36,662 
W 
48,828 49,330 
10,463 10,728 
610 681 
5,363 5,234 
6,009 6,051 
3,236 3,443 
5,201 5,330 
2,437 2,491 
118,994 122,088 
28,467 27,874 
446 482 
1,748 1,635 
15,971 16,137 
780,101 188,594 
44,675 ae 
41,913 Sat 
3,406 tam 
690,107 ae 


W Withheld to avoid disclosing company proprietary data; included with “Other” under “Sand and permanent mold." 


1 Includes inventory adjustment. 
2Includes other die-cast alloys and other miscellaneous. 
3No allowance made for melt-loss of primary aluminum and alloying ingredients. 


Table 7.—Apparent aluminum supply and consumption in the United States 


(Thousand short tons) 

1979 1980 1981 ` 1982 1983 

Primary production ____________________ 222 c2a2c 5,023 5,130 4,948 3,009 3,696 

Change in stocks:! Aluminum industry _____________________ +184 +25 -765 +203 +595 

E — .———— xe AA eeu eiui A 840 713 935 968 1,203 
Secondary recovery:? 

New crap ti a ot dd 1,163 1,058 1,137 974 1,050 

Old RCFBD AA AA E E 614 680 836 862 904 

Total supply ecca tt De tu eere la a la ee 7,824 17,606 7,091 6,616 7,448 

Less total exports- — - --------------------—-—---—-—-————— 173 1,483 867 824 855 

Apparent aluminum supply available for domestic manufacturing _ _ _ — — 7,051 6,123 6,224 5,792 6,593 

Apparent consumption’. ____________~___________ Le RU 5,888 5,065 5,087 4,818 5,043 


Positive figure indicates a decrease in stocks; negative figure indicates an increase in stocks. 


*Metallic recovery from purchased, tolled, or imported new and old aluminum scrap expanded for full industry 


coverage. 


3 pparent aluminum supply available for domestic manufacturing less recovery from purchased new scrap (a measure 


of consumption in manufactured end products). 
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Table 8.—Distribution of end-use shipments of aluminum products in the 


United States, by industry 


1981 1982 1983” 
Industry tity Percent antity Percent antity Percent 
(thousand of (thousand of (thousand of 
short tons) total short tons) total short tons) total 
Building and construction __________ 1,265 18.8 1,159 18.5 1,44] 19.8. 
Transportation. ________________ 1,072 15.9 925 14.8 1,192 16.4 
Containers and packaging --__---_--_ 1,756 26.1 1,784 28.5 1,959 26.9 
Electrical -—. cA 666 9.9 519 9.2 662 9.1: 
Consumer durables `. 488 7.2 411 6.6 528 1.3: 
Machinery and eouipment - ------—-- 421 6.2 353 5.6 -399 5.5 | 
Other markets _~_ 318 4.7 268 4.3 291 4.1: 
Statistical adjustment |... +68 1.0 +131 2.1 +176 ' 2.4 | 
Total to domestic users__________ 6,054 89.8 5,610 89.6 6,654 91.5 
Expor EE 685 10.2 648 10.4 620 8.5 
Grand total. ________________ 6,739 100.0 6,258 100.0 7,274 100.0 
PPreliminary. 
Source: The Aluminum Association Inc. 
Table 9.—Net shipments of aluminum wrought! and cast products in the 
United States, by producers 
(Short tons) 
1981 1982 1983P 
Wrought products: 
Sheet, plate. foll. i o os EL. 3,414,272 3,030,142 3,579,079 
Rolled and continuous-cast rod and bar; wire |... 5... T520,339 431,223 415,298 
Extruded rod, bar, pipe, tube, shapes; drawn and welded tubing... — _ — _ — 71,110,932 1,004,640 1,149,089 
Powder, flake, paste _________________________ LLL 53,8 39,986 39,333 
Forgings (including impacts)____________________________~- 69,501 52,105 58,106 
Total ac eme a nee 75,168,917 4,558,096 5,300,905 
Castings:? 
^ ep Sa SN Se er EN A A A CHE 7119,079 89,208 111,709 
Permanent mold nta eise nad EE d eec T145,783 119,586 140,086 
| p cT IA A A E ™578,432 529,135 480,528 
OEA ee, 166,596 64,731 17,423 
A EI "909,890 802,660 149,146 
Grand total E 76.078,807 5,360,756 6,050,651 


PPreliminary. "Revised. 


"Net shipments derived by subtracting the sum of producers’ domestic receipts of each mill shape from the domestic 


industry’s gross shipments of that shape. 
2 U.S. Department of Commerce revised this series of data going back to 1962. 


Source: U.S. Department of Commerce. 
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Table 10.—Distribution of wrought products in the 
United States 


(Percent) 


Sheet, plate, foil: 


Nonheat-treatable |... . E ee RAINER REOR ENS 


Rod, bar, wire __________________________ 
Cable and insulated wire. -—-------------——- 


Extruded products: 


Rod and bar 2 ee es ee es 
Pipe and tubing ---------------------———- 


Shapes AA at De cir yy ce E E 


bn Mem XI S 
Powder, flake, paste. ______________-~_______-_~- 
Forgings (including impacts) |... 


"Revised. 
Source: U.S. Department of Commerce. 
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STOCKS 


Inventories of aluminum ingot, mill prod- 
ucts, and scrap at reduction and other 
processing plants as reported by the Bureau 
of Industrial Economics, U.S. Department 


of Commerce, decreased from 3,099,740 tons 
at the end of 1982 to 2,504,616 tons at the 
end of 1983. 


PRICES 


The producer list price for 99.5%-pure 
aluminum ingot was 76 cents per pound 
from the beginning of the year until late 
August, when the major producers increas- 
ed the list price to 81 cents. Within a few 
weeks, most other producers raised their 
list price to 81 cents, where it remained 
through yearend. During midyear and early 
September, a few producers abolished their 
producer list price and instituted a transac- 
tion or selling price more comparable with 
the market or spot prices. For 99.7%-pure 
aluminum ingot, the producer list price was 
normally 0.5 cent above that for 99.5% 
ingot. The average annual spot, or mar- 
ket, price for aluminum ingot, usually 
99.7%-pure, as published by Metals Week 
(McGraw-Hill) was 68.3 cents per pound. 
The average monthly spot price was 50.6 
cents per pound at the beginning of the 
year, decreased to 42 cents in February, 
then increased to an average of 79 cents by 
the first week of September. For the re- 
mainder of the year, the average spot price 


fluctuated between 73 and 76 cents per 
pound, ending the year at a December 
average of 75.2 cents. On December 8, the 
initial opening price on the COMEX was 
77.4 cents per pound for aluminum deliver- 
ies in March 1984. The COMEX price re- 
mained steady, closing out 1983 at 77.1 
cents per pound. Prices on the London 
Metal Exchange (LME) began the year at an 
average of 45 cents per pound. By Septem- 
ber, the average price for LME aluminum 
was 73.2 cents, but prices slowly fell to 68.7 
cents in November before closing out the 
year at an average price of 70.2 cents per 
pound. The average annual LME price was 
about 65.3 cents per pound. 

The price of secondary alloyed ingot as 
quoted in the American Metal Market, 
increased throughout the year from a range 
of 46 to 49 cents per pound at the beginning 
of 1983 to a high range of 77 to 89 cents in 
September and October. After a slight dip 
in price in November, the secondary ingot 
price at yearend ranged from 77 to 88 cents 
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per pound. Depending on the location of the 
material, the price of aluminum borings 
and cast scrap ranged from 8 to 17 cents at 
the beginning of the year to 24 to 36 cents 
by yearend. Segregated aluminum-copper 
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clippings price ranged from 21 to 25 cents in 
J anuary and 40 to 54 cents at yearend. The 
price for both types of scrap was a few cents 
lower in November. 


FOREIGN TRADE 


U.S. tariff rates in effect during 1983 for 


Item 


Unwrought metal (in coils) 


Unwrought (other than Si- 
Al alloys). -___----_- 

Wrought (bars, plates, 
sheets, strip). - ------ 

Waste and scrap- - ----—- 


aluminum products were as follows:? 


TSUS No. Import duty 
618.01 2.9% ad 
. valorem. 
0.5 cent per 
618.02 pound. 
3% ad 
618.25 valorem 
618.10 2% ad 
valorem. 


Table 11.—U.S. exports of aluminum, by class 


1982 1983 
Class Quantity Value Quantity Val 
(short (short ue 
tons) (thousands) tons) (thousands) 
Crude and semicrude: 
Ingots, slabs, crude ________________________ 401,174 $476,186 397,608 $534,048 
OCD a a a Ee 214,299 157,666 262,159 249,156 
Plates, sheets, bars, etc________________________ 193,837 440,373 178,898 388,679 
Castings and forgings EE 7,180 41,156 10,492 55,346 
Semifabricated forms, n.e.c --------------------- 7,979 42, 874 5,924 32,578 
Total nun 824,469 1,158,255 855,081. 1,259,807 
Manufactures: 
Foil atid leaf coeur ds ta 18,632 34,163 19,316 31,742 
Powders and flakes _______--_____-_-__ 2s c 3,041 9,590 2,135 7,058 
Wire and cable ooo o 27,625 66, 259 20,686 45,999 
A EAN ee ee eS 49,298 110,012 42,137 84,799 
Grand total sii 873,767 1,268,267 897,218 1,344,606 
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Table 13.—U.S. imports for consumption of aluminum, by class 


1982 1983 
Class | any Value SE alue 
sho sho 
tons) (thousands) tons) (thousands) 
Crude and semicrude: 
Metals and alloys, crude ooo 679,375 $858,017 818,676 $1,021,273 
Circles and disks ___________________________ 8,202 16,245 9,565 18,154 
Plates, sheets, etc.,n.e.c________________________ 199,844 384,657 260,204 487,00 
Rods and bars _____________________________ 5,658 11,670 15,260 26,467 
Pipes tubes, Een ee ee 639 3,461 1,585 5,695 
Serap AA aah tas eebe 74,338 54,240 97, 524 87,468 
Tota ri a EEN 968,056 1,328,290 1,202,814 1,646,060 
Manufactures A o QQ 
¡A A unc ENE A 9,664 41,180 14,619 47,078 
¡SAA AA a (1) 102 (1) 99 
Flakes and pwwders. — - - ------------—--------—— 2,758 4,436 4,147 6,406 
TEE EH 971 2,236 1,679 3,549 
Wo A E E 13,393 47,954 . 20,445 57,132 
Grand total LLL LLL LLL LL LL Ls zr — . 981,449 1,376244 1,223,259 1,703,192 


11982—aluminum leaf not over 30.25 square inches in area, 537,541 leaves, and aluminum leaf over 30.25 square inches 
in area, 85,990,034 square inches; 1983—aluminum leaf not over 30.25 square inches in area, 803,734 leaves, and 
aluminum leaf over 30.25 square inches in area, 88,221,795 square inches. 
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WORLD REVIEW 


Because of the turnaround in world de- 
mand for aluminum, many of the canceled 
or deferred plans for, and construction of, 
capacity expansions or new smelters were 
activated. World annual capacity for pri- 
mary aluminum increased about 360,000 
tons as a result of new smelter potlines or 
other expansions in Australia, Brazil, 
Egypt, Indonesia, the Republic of South 
Africa, and Yugoslavia. France, however, 
closed down several old, low-capacity smelt- 
ers. 

World production of primary aluminum 
increased slightly; however, primary alumi- 
num production in Europe and some Far 
Eastern countries showed little improve- 
ment compared with that of 1982, and in 
many countries, primary production de- 
creased. Ghana decreased production owing 
to the lack of power caused by a severe 
drought. Japan continued to cutback pro- 
duction of aluminum because of the high 
cost of energy. 


Primary aluminum inventories held by. 


members of the International Primary Alu- 
minum Institute (IPAD, which represent 
the bulk of stocks held outside the centrally 
controlled economies, decreased 81% to 2.28 
million tons. IPAI reported that total inven- 
tory, including secondary aluminum, was 
4.04 million tons at yearend. 

Australia.—In September, Tomago Alu- 
minium Co. Pty. Ltd. began production at 
the first 240-pot, 121,000-ton-per-year pot- 
line at its Tomago, New South Wales, pri- 
mary smelter. Full production was expected 
in early 1984. A second 121,000-ton-per-year 
potline was scheduled to come on-stream in 
the third quarter of 1984. The smelter, 
using the most advanced technology and 
equipment for maximum power efficiency, 
was a joint venture of Péchiney Australia 
Pty. Ltd. (35%), Gove Alumina Ltd. (35%), 
Australian Mutual Provident Society (15%), 
VAW Australia Pty. Ltd. (12%), and Hunter 
Douglas Ltd. (3%). 


Alcan Australia Ltd. announced it would ` 


resume construction of the partially com- 
pleted third potline at its Kurri Kurri, New 
South Wales, primary smelter. The potline 
would increase capacity by 61,000 tons per 
year to 160,000 tons per year. Construction 
began in 1981 but was postponed in mid- 
1982 because of weak market conditions. 
Alcoa of Australia and the Victoria State 
government reportedly were to each take a 
25% interest in a planned 145,000-ton-per- 
year smelter at Portland. Together they 


were seeking partners to take the remain- 
ing 50% interest. 

Brazil.—Cia. Brasileira de Aluminio 
announced plans to increase its capacity 
from 138,000 tons per year to 171,000 tons 
per year by 1985 at its Sorocaba, São Paulo, 
primary smelter. 

The Alumar alumina-aluminum complex 
jointly owned by Alcoa Aluminio do Brasil 
S.A. (60%) and Shell Brasil S.A. (40%), a 
subsidiary of Billiton Metais S.A., was 
scheduled to start production in 1984 with a 
551,000-ton-per-year alumina production 
plant and a 110,000-ton-per-year aluminum 
smelter at Sáo Luis, Maranháo. Reportedly, 
further expansion of 110,000 tons per year 
of primary capacity was being considered 
for 1986, with Construcoes e Comercio Car- 
mago Correa contributing 20% of the $285 
million cost. 

The Brazilian Government in 1988 grant- 
ed Vereinigte Aluminium-Werke AG 
(VAW), Federal Republic of Germany, a 
second extension, until June 1986, to decide 
on building a $750 million, 242,000-ton-per- 
year smelter at Recife, Pernambuco. 

Canada.—Taking advantage of low power 
rates, Canada maintained a high production 
rate of primary aluminum during 1988. 
Announced restarts for early 1984 were 
expected to increase the operating rates in 
Canada to 98%. | 

Péchiney of France and the Société Gen- 
erale de Financement (SGF), the invest- 
ment body of the Province of Quebec, signed 
an agreement providing guidelines for fi- 
nancing the 253,500-ton-per-year aluminum 
smelter at Bécancour, Quebec. The agree- 
ment provided for Péchiney to finance at 
least 51%, but no more than 67%, of the 
Can$1.5 billion cost of the project, and SGF 
was to finance no more than 33%. Construc- 
tion of the smelter started in June with the 
laying of the foundation. The smelter, with 
two potlines of 240 pots each, will use 
Péchiney's latest aluminum technology. 
The first potline was scheduled to begin 
production of metal in early 1987. 

Canadian Reynolds Metals Co. Ltd. is 
proceeding on schedule with its $500 mil- 
lion, 125,000-ton-per-year expansion of the 
Baie Comeau primary smelter in Quebec. 
Completion in late 1984 will increase Baie 
Comeau's production capacity to 300,000 
tons per year. 

VAW suspended negotiations with 
Hydro-Quebec, the Quebec government en- 
ergy enterprise, for constructing a primary 
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aluminum smelter in Quebec. VAW report- 
edly believed conditions were too uncertain. 
Negotiations took place between the 
Province of Newfoundland government and 
Arco, on the possible construction of a $1 
billion, 200,000-ton-per-year primary smelt- 
er, to be located either near Corner Brook 
on the Island of Newfoundland or near 
Goose Bay on the mainland in Labrador. 
Arco completed a preliminary economic 
feasibility study of the project in April. 
Alcan started the second and third 63,000- 
ton-per-year potlines at its Grande Baie, 
Quebec, primary aluminum smelter as de- 
mand for metal increased. The potlines 
completed in 1981 and 1982 were not placed 
in operation because of poor market condi- 
tions. The second lirfe began operation in 
September and the third in December 1983. 
Alcan reactivated a 28,700-ton-per-year pot- 
line at its Arvida, Quebec, aluminum smelt- 
er in June and one-half of a 44,000-ton-per- 
year potline at its Kitimat, British Colum- 
bia, smelter in July, raising the operating 
rates of these smelters to 95% and 100% of 
their annual production capacities, respec- 
tively. Alcan planned to begin construction 
of a new 275,000-ton-per-year aluminum 
smelter at Laterriere, Quebec, as part of a 
"rebuild" program in 1984. The Laterriere 
smelter was to replace a portion of the 
476,000-ton-per-year Arvida smelter and 
was to use existing hydropower facilities. 
The Province of Quebec announced that it 
would remove restrictions on the sale and 
use of aluminum beverage cans. Alcan, 
Canadian Reynolds, and several container 
manufacturing companies were installing 
and/or increasing capacity to produce alu- 
minum can sheet and cans. The government 
of Quebec was reportedly considering a 
bottle-bill approach as a long-term policy 
for recycling aluminum cans. 
China.—Construction of the largest alu- 
minum plant in China began at Yemenkou 
in Shanxi Province. The plant was expected 
to have an initial annual capacity of 220,000 
tons of aluminum, with the first stage of the 
plant scheduled for completion by 1986. 
Representatives of the Chinese aluminum 
industry met with Japanese primary alumi- 
num producers to negotiate the purchase by 
China of at least 110,000 tons per year of 
primary capacity. Reportedly, negotiations 
on acquiring part of the idled 180,000-ton- 
per-year Naoetsu smelter in Japan were 


. conducted with Mitsubishi Light Metal In- 


dustries Co. Ltd. If successful, the plant 
would be dismantled and reassembled in 
China. 
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Egypt.—The Aluminium Co. of Egypt 
(Egyptal) completed construction of two 
new potlines totaling 36,000 tons per year at 
its Nag Hamadi smelter, increasing capaci- 
ty to 183,000 tons per year. In addition, 
Egyptal installed a new casthouse for form- 
ing billets and slabs. 

France.—Péchiney announced plans to 
restructure its primary aluminum activities 
in France. The St. Jean de Maurienne 
smelter would be increased from 44,000 to 
132,000 tons per year capacity by 1985, at an 
estimated cost of $130 million. In addition, 
the 4,400-ton-per-year La Saussaz and the 
13,200-ton-per-year La Praz smelters were 
closed in 1983; the 26,500-ton-per-year Sa- 
bart smelter was to be closed by yearend 
1984; and the 43,000-ton-per-year Argen- 
tiére smelter by 1985. 

Germany, Federal Republic of.—The 
Federal and state governments agreed to a 
$8.2 million, 1-year subsidy to reduce power 
costs at Alcan Aluminium-Werke GmbH's 
primary smelter at Ludwigshafen. 

Ghana.—In February, Volta Aluminium 
Co. (VALCO) closed the third 44,000-ton-per- 
year potline at the Tema aluminum smelter 
at the request of the Volta River Authority. 
Two 44,000-ton-per-year potlines were pre- 
viously shut down in 1982. In June, the 
remaining two potlines were idled because 
of inadequate energy supply caused by 
extremely low water levels at Volta Lake 
because of drought for the last 8 years. 

VALCO and the Government of Ghana 
began negotiations to.revise the power rates 
paid by VALCO. The last revision to the 
1962 agreement was made in 1977 setting 
the power rates at 6 mills/kWeh. After 
several rounds of discussion, the negotia- ` 
tions remained deadlocked. 

Iceland.—After many months of negotia- 
tions, the Government of Iceland and Swiss 
Aluminium Ltd. (Alusuisse) reached an in- 
terim agreement for an Alusuisse subsid- 
lary, Icelandic Aluminium Co. Ltd., to pay a 
surcharge for power. Reportedly, the power 
rate increased from 6.45 to 10 mills/kWeh. 
Further negotiations on tax provisions, 
smelter expansion, and participation by the 
Government were planned. 

India.—A new 275-megawatt captive pow- 
er generator came on-stream in April at 
Hindustan Aluminium Co. Ltd.’s 132,000- 
ton-per-year primary smelter in Renukoot, 
Uttar Pradish. Reportedly, the company 
requested permission to build two addition- 
al 67.5-megawatt generators in order to 
raise primary capacity to 221,000 tons per 
year. 
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Bharat Aluminium Co. was granted a 
license to build a 270-megawatt captive 
powerplant at its 110,000-ton-per-year 
smelter at Korba, Madhya Pradish. The 
plant was scheduled to become operational 
in 1986 or 1987. Persistent power shortages 
had prevented the startup of two of the 
smelter’s 27,500-ton-per-year potlines since 
their completion in 1979. 

Indonesia.—Indonesia Asahan Alumi- 
nium Co. completed the second 83,000-ton- 
per-year potline at its primary smelter at 
Kuala Tanjung, North Sumatra. A third 
83,000-ton-per-year potline was scheduled to 
come on-stream in 1984. 

Iran.—An expansion program at Arak 
Aluminium Co.’s primary smelter reported- 
ly was more than one-half completed at an 
estimated cost of $47 million. The program 
was to increase capacity from 50,000 to 
132,000 tons per year by 1986. 

Italy.—The Italian state-owned alumi- 
num company, Ente Participazione Finan- 
ziamento Industria Manifattura, closed its 
22,000-ton-per-year smelter at Mori and a 
major fabricating plant near Genoa re- 
portedly because of severe financial prob- 
lems. 

Japan.—Showa Light Metal Co. Ltd. was 
reorganized as an Australian-Japanese joint 
venture equally owned by Conzinc Riotinto 
of Australia Ltd. (CRA) and Japan’s Showa 
Denko K.K. CRA purchased the 50% inter- 
est for $104 million at the end of 1982. 
Showa Light Metal had a total capacity of 
84,000 tons per year but was operating at a 
rate of 22,000 tons per year when the 
venture was finalized. 

Mitsubishi Light Metal separated its alu- 
minum smelting operations into a-new com- 
pany called Ryoka Light Metal Industries. 
Ryoka was to operate the 84,000-ton-per- 
year Sakaide smelter at a rate of 44,000 tons 
per year in place of Mitsubishi Light Metal, 
which was to concentrate on aluminum fab- 
ricating activities. 

Nippon Light Metal Co. Ltd. reportedly 
was Io separate its Tomakomai smelter 
operation as an independent company. The 
79,000-ton-per-year smelter was operating 
at a rate of about 17,000 tons per year. 

Philippines.—Plans of Reynolds and the 
Philippine Government, as equal partners, 
to build a $400 million aluminum smelter 
complex were deferred. 

South Africa, Republic of.—Alusaf Pty. 
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Ltd. completed a $257 million expansion of 
its smelter at Richards Bay by doubling 
capacity to 190,000 tons per year. Alusaf 
purchased two potlines from Nippon Light 
Metal when the Japanese company closed 
its smelter at Niigata, Japan, in 1980. The 
potlines were dismantled and shipped to 
Richards Bay in 1981. 

Spain.—Péchiney and the Spanish state- 
owned industrial group, Instituto Nacional 
de Industria (IND reportedly signed an 
agreement wherein, by yearend, INI would 
replace Péchiney as the majority share- 
holder in the primary aluminum producer, 
Alúminio de Galicia S.A. (Alugasa). 
Péchiney’s share was reduced from a 67.2% 
interest in Alugasa to 37%. A separate 
agreement between Alcan and INI reduced 
Alcan’s share of Empresa Nacional del 
Alüminio S.A. from 42.5% to 36%. 

United Kingdom.—British Alcan Alumi- 
nium Ltd., the company formed in 1982 
from British Aluminium and Alcan (UK), 
consolidated operations of the two former 
companies. British Alcan closed rolling mill 
operations at Falkirk, an alloy extrusion 
plant and rolling mill at Rogerstone, and 
foil mills at Kitts Green and Wembley. 
Production by High Duty Alloy Extrusions, 
a subsidiary of British Alcan, with plants at 
Distington, Cumbria, and Latchford, was 
increased. 

Alcoa Manufacturing (GB) Ltd., Swansea, 
Wales, the only can stock manufacturer in 
the United Kingdom, announced that pro- 
duction of can stock would be terminated in 
January 1984. The high cost of aluminum 
was reportedly uncompetitive with tinplate, 
which was receiving state subsidies. ` ` 

Kawecki-Billiton ceased production of 
aluminum master alloys ingots at its 1,500- 
ton-per-year Darley Dale, Derbyshire, plant. 

Zaire.—The Aluzaire consortium, led by 
Alusuisse, was seeking $650 million in ex- 
ternal financing to construct a 231,000-ton- 
per-year aluminum smelter at Banana. To- 
tal cost of the project was estimated at $1 
billion. Alusuisse held a 20% share of the 
consortium; Zaire, 15%; VAW, Norsk- 
Hydro AS, Aluminio Italia, Energoinvest, 
and Yoshida Kogya, 10% each; and Alu- 
mined Beheer, 5%. Ten percent remained 
unallocated following the withdrawal of 
Sumitomo Chemical Co. Ltd. A feasibility 
study for the smelter was completed by 
Alusuisse. | 
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Table 15.—Aluminum: World production, by country 


(Thousand short tons) 
Country 1979 
Argentina -—-—-—------------------—----—---—-—--—--—-—-—-——- 131 
Australia _—------------------------------—-————- 297 
Austria s o nl Lui t er o e Sce cL c c i E ter 102 
Bahrain —-———— eedem A uM ID e E 139 
Hracl.- 2:1 c at A Lec ue os ii at 263 
Cameroon our ue e Ek e i eL S Le eC ee 48 
Cañadas ova is a a do el a e io 1904 
China AAA A E CI 400 
Czechoslovakia `... 41 
Egyp EE 112 
NEE 436 
German Democratic Republic. 66 
Germany, Federal Republic of - - -—- - - -----------------———-- 817 
Gbani a Lu eL CL LE AL hte a 186 
MCE DH TERRE 155 
IS oun a uu A el eret e iia 79 
Icelünid ria ln Sour c i e LIA ue irr 80 
C+ LF: RCGNUM TERES A E EE EES 233 
INdONERIA. —— 2-22 uu ccu s se ae e ze" 
|i AAA IN AA A EA 15 
TAS EE 297 
Japan o ot cll A ee m ee LE E 1,114 
RS ee 11 
Korea, Republic of - —-—- -------------------------—-—--—-——- 24 
MEXICO o a LAE LE A ee Se ee 48 
Netherlands - —- - ----------------—-------—--—-—--—-——- 284 
New Zealand uo EE ene 170 
e A EE 132 
Poland tae pice nee iL LLL MI C fer 0 106 
HomsniB* ose ead rins DR LM a CM EC EE E 239 
South Africa, Republic of _. .._______________-_--_------ 95 
EE EL e uec ace ui et 286 
Sunnames- loce sc Se LA tia A EL 71 
EE ee 90 
SwibGerland EE 91 
PRU IN -acanada ea ee tea Mem i I e 62 
EOYs etn lc ee E 35 
USSR EE Ee 1,930 
United Arab Emirates: Dubai ` --------------------—-——— pats 2 
United Kingdom `... Le 396 
United States: <=: ee ee Seet, 5,023 
Venezuela cL e s ul reu c uuu exe a de a bee al 251 
SY UO VNB o eese ee pe ela es 185 
A, AAA A 716,044 


*Estimated. Preliminary. ‘Revised. 


16,944 


16,596 


14,802 


99 


lOutput of primary unalloyed ingot unless otherwise specified. Table includes data available through May 23, 1984. 


? Reported figure. 


3Includes high-purity aluminum containing 99.95% or more as follows, in short tons: 1979—4,238 (revised); 1980—4,691 


(revised); 1981—6,859 (revised); 1982—4,790 (revised); and 1983—2,953. 
“Includes secondary unalloyed ingot. 


5Includes primary alloyed ingot. 
*Data represent exports. 
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Table 16.—Aluminum: World capacity, by continent and country! 


(Thousand short tons) 
Continent and country 1981 1982 1983 
North America: J 
nr TEMERE MERERI ee EEN 1,299 1,360 1,960 ` 
Nagni EE E a M Ee ia Les 50 50 50 
United States oun rs e 5,467 75,498 5,513 - 
South America: 

THONUING A ccu crie See tee ee 154 154 154 
AA Sagem EE 306 1446 462 
Suriname AAA AA "66 "66 
Manezuelü — opta a aa EE 446 446 446 

Europe: 
A AAA A O 101 101 101 
Caechoslovak)l ein ss Bee euet 66 66 66 
Fran uh es a ts se ee ee eet ks ee EE 434 7434 417 
German Democratic Republic... 222222222 222222222222 94 94 94 
Germany, Federal Republic of. - - - -- ------------------------ 804 832 833 
[e]. AN NN O E EE 2r 160 160 
HUDBNIV ERA A SS O IA 
NEE EE 95 95 95 
hale EE 815 804 804 
Netherlands 10.02.02 6 4 ee a ir e 293 293 293 
OWS EE un Tad e? 
ll AAA A A A A E 
Romahla ose age e Ee 276 276 
s DAAE aN See gn pete A EE 489 489 
EA A EE 
E A A De E eae 95 95 95 
dut —————————— Ó———————— ee in M el 
nited UM a ee nh ee les Dia a re 
pene ri EE 849 849 894 
Africa: 

ST EE 88 88 88 
ER EE 7147 7147 188 
c. clc aue ucc Ru ui LM e E 220 220 220 
South Africa, Republic of. - - - - -- -------------------------- 94 145 190 
Bahralh ones ee ee a ee ee ee ean ee elo 187 187 187 
IT WEE r377 r421 421 
Uae tae Ne a een A NS 386 897 402 
INCONOMÍA: -onea is a a a di tala Edd ca AE 88 185 
EE e OTIO A ASE a eo ote EE 55 55 55 
UE 1,252 "785 785 

Korea, NOM es a a Le a a ee er 22 22 
Korea, Republic of... 20 20 20 
Tawan ` AAA ee ena AI O 92 T55 55 
KI n c uaa ee mur ch ete iM uM m ua ras aN LEM E 66 66 66 
United Arab Emirates: Dubai. io o 149 "164 164 

Oceania: 
RT TEEN 410 524 645 
New Zealand __________________-____________________u. 172 269 269 
EE 719,013 719,177 -19,537 
"Revised. 


‘Detailed information on the individual aluminum reduction plants is available in a 2-part report that can be 
urchased from Chief, Division of Finance, Bureau of Mines, Bldg. 20, Federal Center, Denver, CO 80225. Part 1 of 
'Primary Aluminum Plants, Worldwide" details location, ownership, and production capacity for 1980-87 and sources of 

energy and aluminum raw materials for foreign and domestic primary aluminum plants, including those in centrally 
planned economies. Part 2 summarizes production capacities for 1980-87 by smelter and country. 


TECHNOLOGY 


A review of developments in aluminum 
electrowinning described worldwide mod- 
ernization of aluminum smelters, evaluated 
the optimum composition of the bath, and 
described new materials for anodes, cath- 
odes and cell linings.'* An overview of the 
aluminum industry presented brief descrip- 
tions of new developments of electrodes, cell 


automation, and pollution controls for the 
Hall-Heroult process, and of alternative 
smelting processes.!! 

Twenty-five papers reporting investiga- 
tions and developments on aluminum re- 
duction technology were published.'? One 
study used a mathematical model to evalu- 
ate the effects of various designs and opera- 
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tional changes of the Hall-Heroult cells.'* A 
novel cell design was suggested that would 
minimize the effect of horizontal currents 
on the flatness of the interface between the 
molten aluminum and molten cryolite, thus 
possibly improving cell performance. The 
new design suggested the use of two vertical 
bus connectors through the bottom of the 
cell to the cathode collector base. The nor- 
mal connection is made at the outermost 
ends of the cathode collector bars. 

Ardal og Sunndal Verk AS reported the 
results of potline operation with 220,000- 
ampere reduction pots in its Hoyanger, 
Norway, aluminum smelter.'* The potline 
consisted of 80 side-by-side pots with pre- 
baked anodes. The major advantages of 
operations with larger pots were reduced 
capital investments and lower operating 
costs. Other advantages included a decrease 
in net relative heat losses and less gas 
exhaust per ton of metal. 

Intalco reported a 2% improvement in 
current efficiency and a 3.296 decline in 
power consumption during a 4-year test of a 
potline using a lithium modified bath.'5 
Lithium carbonate additions to the cells 
decreased bath temperatures by about 10* 
C, and, reportedly, decreased the resistivity 
of the anode, cathode, and bus. The effects 
of different types of alumina on the lithium 
modified bath were discussed. 

Bench-scale oxygen blast furnaces were 
operated with bauxite to study the feasibili- 
ty of smelting aluminum directly from ore.!* 
The blast furnace process would utilize the 
heat of combustion of a carbonaceous fuel 
as a heat source in a carbothermal reduc- 
tion system. Materials containing iron and 
silicon were added, and an alloy product 
was formed during reduction. Oxygen rath- 
er than air was required to avoid the 
formation of nitrides of aluminum. Low 
yields of aluminum were obtained during 
the tests because of high volatization of the 
aluminum in the hot raceway. Bridging 
occurred across the top of the load because 
of volatization of the metal and silicon 
compounds. Further studies were continu- 
ing. 

A review of new materials for use in the 
Hall-Heroult electrolytic aluminum process 
was made by Alcoa Laboratories." The 
electromagnetic forces and anode gas agita- 
tion on the molten aluminum metal cathode 
surface could be reduced by maintaining a 
thin metal layer on a wettable electrode, 
such as titanium diboride, thus reducing 
the anode-cathode separation and resulting 
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in lower cell voltages. Sidewalls fabricated 
from inert materials could be exposed to 
molten cryolite ending the requirement to 
maintain a delicate heat balance to form a 
frozen layer of cryolite to protect the carbo- 
naceous material used in the sidewall con- 
struction of present-day pots. Heat ex- 
changers could be incorporated in sidewalls 
to utilize heat loss. 

Basic studies on the fundamentals of 
aluminum electrolysis were continued. The 
wettability of carbon electrodes by molten 
salts were shown to be different when the 
electrodes are polarized than when not 
polarized.'* Current densities influenced the 
wettability of carbon electrodes. Wettability 
increased at a carbon cathode as the cur- 
rent density was increased. At a carbon 
anode, wettability increased up to a current 
density of 0.8 ampere per square centi- 
meter, then it decreased. Increased alumina 
concentrations increased both anode and 
cathode wettability about 10%. 

The influence of impurities introduced 
into the aluminum cryolite electrolyte by 
the main bath components and bath addi- 
tives were grouped and investigated accord- 
ing to their reactions and behavior in the 
electrolytic process.!? All impurities had a 
deleterious effect on the operation of the 
cell, the quality of the aluminum, or the life 
of the cell components. The increase in the 
amount of impurities introduced into the 
bath from using dry scrubber alumina as 
feed material for the cell was discussed. 

Several short reports described metallur- 
gical research of aluminum material.?° The 
use of hot isostatic pressure was suggested 
as a method to eliminate pores and micro- 
cavities in age-hardened high-strength cast 
aluminum alloys. A relationship expressed 
in the form of empirical equations was 
established between cast aluminum alloys 
solidified under defined conditions and the 
mechanical properties of tensile strength 
and elongation at the break point. 

Péchiney developed an aluminum purifi- 
cation process that eliminated hydrogen, 
nonmetallic inclusions, sodium, lithium, 
and calcium in molten aluminum.?! A flow 
of gas injected into the molten metal by 
means of a patented injector during casting 
of aluminum eliminated possible defects at 
the foundry stage. High-quality aluminum 
reportedly was obtained that was suitable 
for aluminum foil and aircraft components 
by use of this process. ` 

Showa Denko and Riken Corp. jointly 
developed a high-silicon aluminum alloy, 
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which was reportedly as strong and as wear 
resistant as some steel alloys, by applying 
the rapid solidification aluminum powder 
metallurgy process.?? The alloy powder, con- 
taining about 80% aluminum and 20% 
silicon, was cooled at a rate of 100° C per 
second compared with the conventional 
cooling rate of 0.01° to 0.1* C per second, 
producing a better crystal formation of the 
metal. The material was expected to find 
application in pistons, cylinders, and other 
automotive and aircraft parts. 

A review of new technologies for develop- 
ing novel aluminum materials characteriz- 
ed by unconventional compositions reported 
the advantages of the proper use of ther- 
momechanical processing and the possibili- 
ties offered by high solidification rates.” 
Mechanical alloying and formation of fiber 
reinforced aluminum materials were also 
discussed. 

The Bureau of Mines developed a method 
to solder aluminum and aluminum alloys 
with conventional “soft” tin-lead solders.” 
The three-step process was used to form 
joints equivalent in strength and durability 
to soft solder joints formed on copper, brass, 
and other materials. Aluminum surfaces to 
be joined were cleaned and coated with a 
thin layer of zinc applied to the aluminum 
by swabbing with or dipping into a electro- 
less zincate solution. A nickel-copper (Ni- 
Cu) alloy coating was then electrolytically 
coated on the zinc layer using either electro- 
lytic cell or brush-coating techniques. Alu- 
minum with Ni-Cu-coated surfaces were 
then soft-soldered using conventional sol- 
ders and fluxes. The process could have 
wide application in the aluminum automo- 
tive radiator field, in heat-transfer and air 
conditioning systems, and in electrical con- 
nections. 

A Bureau of Mines evaluation of used 
aluminum smelter potlining determined 
that it can be successfully used as a substi- 
tute for fluorspar in cupola ironmelting and 
in basic oxygen steelmaking. Reports de- 
scribed the effects of used inner carbona- 
ceous lining of smelting pots?5 and the used 
outer fire brick or alumina refractory lining 


of the pot? on the iron furnace perfor- 


mance, the metal and slag chemistry, and 
the mechanical properties of the iron prod- 
uct. 

A technique for separating a mix of cast 
and wrought aluminum alloy scrap was 
developed by the Bureau of Mines" Tests 
showed that a cast alloy loses strength and 
ductility at 520° to 560° C and can be 
fragmentized for easy separation by screen- 
ing. 
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A glossary described many of the common 
terms associated with the aluminum 
process.?5 


! Physical scientist, Division of Nonferrous Metals. 

Statistical assistant, Division of Nonferrous Metals. 

3National Association of Recycling Industries Inc. Third 
Annual Aluminum Can Recycling Survey, 1983. 

*Chandler, W. U. Materials Recycling: The Virtue of 
Necessity Progress Made in Aluminum Recycling. Recycl. 
Today, v. 21, No. 12, Dec. 1983, pp. 59-66. 

"Work cited in footnote 3. 

8Yafie, R. C. Aluminum Beverage Bottle is Being Test 
SC Am. Met. Mark., v. 91, No. 138, July 18, 1983, 
P 

7 ——-—. Alcoa, Continental Plan uice. Can Project. 
Am. Met. Mark., v. 91, No. 25, Feb. 4, 1983, p. 1 

SLight Metal Age. FDA Clears Way for Retortable 
Pouch. V. 41, Nos. 1 and 2, Feb. 1983, p. 31. 

9Federal Register. V. 44, No. 241, Dec. 13, 1979, p. 72496. 

10Duby, P. Review of Development in Electrometallurgy 
in 1983. J. Met., v. 36, No. 4, Apr. 1984, pp. 56-60. 

11 Jarrett, N. Aluminum Extractive Metallurgy in 1983. 
J. Met., v. 36, y 4, Apr. 1984, pp. 71-74. 

12Adkins, E. M. (ed.). Light Metals 1983. (Proc. AIME 
Annu. Meeting, Atlanta, GA, Mar. 6-10, 1983). Metall. Soc., 
AIME, eee PA, 1983, 1,254 pp. 

13] ympa , S. D., D. P. Ziegler, and J. Evans. The Hall- 
Heroult Cell: ' Some Design Alternatives Examined by a 
Mathematical Model. Paper in Light Metals 1983, ed. by E. 
M. Adkins (AIME Annu. Meeting, Atlanta, GA, Mar. 6-10, 
po» Metall. Soc., AIME, Warrendale, PA, 1983, pp. 507- 

1 


14Jordal, P., H. Kvanda, O. E. Jacobsen, and S. J. Hove. 
Modernization of Hoyanger Works. Economical Advantage 
of Large Reduction Pots. Paper in Light Metals 1983, ed. 
by E. M. Adkins (AIME Annu. Meeting, Atlanta, GA, Mar. 
610, 1983). Metall. Soc., AIME, Warrendale, PA, 1983, 


pp. 587-594. 
15Cheney, R. G. Potline Operation With Lithium- 
ore aa ath. J. Met., v. 35, No. 12, Dec. 1983, pp. 47-51; 


LE ht Metals 1983, Metall. Soc., AIME, Warrendale, PA, 
3, pp. 519-536. 

16Dokiya, M., M. Fujishige, T. Kameyama, H. Yokoka- 
wa, S. Ujiie, K. Fukuda, and A. Motoe. Aluminum Blast 
Furnace. Paper in Light Metals 1983, ed. by E. M. Adkins 
(AIME Annu. Meeting, Atlanta, GA, Mar. 6-10, 1983). 
Metall. Soc., AIME, Warrendale, PA, 1983, pp. 651-670. 

"Keller, R., and N. Jarrett. New Materials—New Ap- 
proaches in Aluminum Electrolysis: Aluminium 
rea v. 59, No. 6, June 1983, 1 pp. 436-437 (Engl. 


Supp 

E xian. Q., W. Qing-bin, and Y. Kwan-tsung. Studies 
on Wettability of Carbon Electrodes in Aluminum Elec- 
trols is. Aluminium (Duesseldorf), v. 59, No. 9, Sept. 1983, 

281-E284. 

"i?Griotheim, K., and K. Matiasovsky. Impurities in the 
Aluminum Electrolyte. Aluminium (Duesseldorf), v. 59, 
No. 9, Sept. 1983, pp. E298-E303. 

"Aluminium (Duesseldorf). V. 59, No. 8, Aug. 1983; 
pp. E238-E239. 

21Engineering and Mining Journal. V. 184, No. 4, Apr. 
1983, p. 83. 

22Furukawa, T. Showa Denko, Riken Develo h- 
n Pall Alloy. Am. Met. Mark., v. 91, No. $ 
Sept. 7 1983, p. 7. 

3Furrer, P. Modern Trends in Aluminum Alloy Devel- 
opment. Aluminium (Duesseldorf), v. 59, No. 12, Dec. 1983, 
pp. E515-E518. 

24Falke, W. L., A. Y. Lee, and L. A. Neumeir. Develop- 
ment of a Soft-Soldering System for Aluminum. BuMines 
RI 8747, 1983, 15 pp. 

25Spironello, V. R., and I. D. Shah. An Evaluation of 
Used Aluminum Smelter Potlining as a Substitute for 
SE in Basic Oxygen Steelmaking. BuMines RI 8699, ` 

265, ironello, V. R. An Evaluation of Used Aluminum 
Smelter Potlining as a Substitute for Fluorspar in Cupo 
Ironmaking and Basic Oxygen Steelmaking. BuMines ] RI 
8775, 1983, 18 pp. 

27 Ambrose, F., R. D. Brown Jr., D. Montagna, and H. V. 
Makar. Hot-Crush Technique for Separation of Cast- and 
Wrought-Aluminum Alloy Serap. Conserv. and Recycl., v. 
6, Nos. 1 and 2, 1983, pp. 63-69. 

286 rjotheim, K. and B. Welch. Glossary of Aluminum 
Electrolysis. Aluminium (Duesseldorf), v. 59, No. 9, Sept. 
1983, pp. E315-E318. 


Antimony 


By Patricia A. Plunkert: 


The production and consumption of pri- 
mary antimony increased compared with 
that of 1982 as a result of increasing de- 
mand. With the return of Sunshine Mining 
Co. to full production levels, mine produc- 
tion during 1983 increased significantly 
over that of 1982. During the year, one 
primary antimony producer closed its oper- 
ation and two other primary production 
facilities were sold. The General Services 
Administration (GSA) completed its sale of 
antimony metal from the National Defense 
Stockpile that was excess to the goal. 

Domestic Data Coverage.— Domestic pro- 


duction data for antimony are developed by 
the Bureau of Mines from two voluntary 
surveys of U.S. operations. Typical of these 
surveys is the Primary Antimony survey. Of 
the 11 operations to which a survey request 
was sent, 10 responded, representing an 
estimated 90% of the smelter production 
shown in table 1 and the primary antimony 
production shown in table 3. Production for 
the one nonrespondent was estimated using 
reported prior year production levels adjust- 
ed by trends in production and other guide- 
lines. 


Table 1.—Salient antimony statistics 
(Short tons unless otherwise specified) 


1979 1980 1981 1982 1983 
United States: 
Production: 
Primary: 
Mine (recoverable antimony) ............- 122 343 646 503 838 
Smelter oo o s ce poc. c cue e 15,062 16,062 17,844 12,282 15,017 
Secondary (antimony content) ______________~_ 24,155 19,893 19,856 16,596 14,204 
Exports of metal and alloys. ___________________ 485 453 324 830 304 
Imports for consumption (antimony content) ________~_ 22,141 17,996 17,970 13,387 12,885 
Reported industrial consumption, primary antimony?_ _ _ _ 11,753 11,239 11,592 9,414 10,873 
Stocks: Primary antimony, all classes (antimony content), 
Dës EE 7,144 8,411 9,158 5,973 3,935 
Price: Average, cents per pound? ________________ 140.7 150.8 135.5 107. 91.3 
World: Mine production _______________________~_ 169,534 170,020 63,124 P59,277 °53,301 


“Estimated. Preliminary. ‘Revised. 


1Includes primary antimony content of antimonial lead produced at primary lead refineries. 
2New York dealer price for 99.5% to 99.6% metal, c.i.f. U.S. ports. 


Legislation and Government  Pro- 
grams.—The Environmental Protection 
Agency announced that it had accepted a 
testing program sponsored by the Antimony 
Oxide Industry Association (AOIA) rather 
than initiating rulemaking under section 
4(a) of the Toxic Substances Control Act to 
determine the effect that antimony metal, 
antimony trioxide, and antimony sulfide 
may have on health and the environment. 
The AOIA program would monitor and 


control occupational exposure and environ- 
mental release, perform medical surveil- 
lance, continue epidemiological studies on 
exposed workers, and perform testing to 
characterize any health effects and environ- 
mental consequences of these antimony 
substances.? 

The Omnibus Budget Reconciliation Act 
of 1981 (Public Law 97-35) authorized the 
disposal of a total of 3,000 short tons of 
antimony metal from the National Defense 
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Stockpile at the rate of 1,000 tons per fis- 
cal year. Sales of antimony authorized by 
this program were completed in October 
1983. Total sales of antimony metal from 
the stockpile during calendar year 1983 
amounted to 1,863 tons. Total sales from the 


3-year program were 1,884 tons of antimony - 
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metal. 

GSA reported that at yearend the Gov- 
ernment stocks of antimony metal in the 
National Defense Stockpile totaled 38,840 
tons of stockpile-grade material. The stock- 
pile goal remained at 36,000 tons. 


DOMESTIC PRODUCTION 


MINE PRODUCTION 


Two companies accounted for all of the 
domestic mine production, and the total 
output increased significantly compared 
with that of 1982. Most of the increase can 
be attributed to the return of Sunshine 
Mining to full production levels in 1983 
following the temporary shutdown of its 
operation, which occurred during the latter 
half of 1982 and was attributed to depressed 
silver prices. The Sunshine Mine produced 
585 tons of antimony in 1983 compared with 
294 tons in 1982. The antimony was pro- 
duced as a byproduct of the treatment of 
tetrahedrite, a complex silver-copper-an- 
. timony sulfide, one of the principal ore 
minerals in the Kellogg, ID, area. The 
United States Antimony Corp. (USAC) pro- 
duced antimony from stibnite mined at 
Thompson Falls, MT. USAC produced 253 
tons of antimony compared with 209 tons in 
1982. 

Antimony was also produced as a byprod- 
uct of the smelting of some primary lead 
ores. 


Table 2.—Antimony mine production and 
shipments in the United States 


(Short tons of recoverable antimony) 


Year Produced Shipped 
AU EE 722 701 
EE 343 382 
¡E A A 646 590 
UE 503 365 
198] ege 838 878 


SMELTER PRODUCTION 


Primary.—Production of primary antimo- 
ny products increased compared with that 
of 1982 owing to an increase in demand 
caused by the continued strengthening of 
the economy. A total of 11 plants produced 
primary antimony products. 

In July, Antimony Processors Inc. an- 
nounced that it had closed its plant located 
in Moscow, TN. This plant produced sodium 
antimonate. 

Harshaw Chemical Co. announced the 
sale of its Gloucester City, NJ, facility to 
Amspec Chemical Corp. Amspec reported 
that the plant would continue to produce 
antimony oxide along with organometallic 
compounds and some specialty chemicals. 

PPG Industries Inc. announced the sale of 
its antimony oxide plant in La Porte, TX, to 
Laurel Industries Inc. of Cleveland, OH. 
Included in the sale was PPG’s 25% interest 
in Antimony Products Ltd. of the Republic 
of South Africa, which supplied raw materi- 
als to the plant. Laurel Industries agreed to 
continue supplying antimony oxide to 
PPG's Stockertown, PA, plant, which pro- 
duced flame-retardant plastics and concen- 
trates. 

The other producers of antimony prod- 
ucts were Anzon America Inc., Laredo, TX; 
ASARCO Incorporated, Omaha, NE, and El 
Paso, TX; Chemet Co., Moscow, TN; Mc- 
Gean Chemical Co. Inc., Cleveland, OH; 
M & T Chemicals Inc., Baltimore, MD; 
Sunshine Mining, Kellogg, ID; and USAC, 
Thompson Falls, MT. 


Table 3.—Primary antimony produced in the United States 
(Short tons of antimony content) 


Year 


Class of material produced 
Byproduct Total 
Metal Oxide Residues antimonial 
lead 

2,642 12,141 "es 219 15,062 
507 15,461 64 30 16,062 

790 16,425 83 546 17,844 
539 11,564 179 12,282 
1,121 13,153 743 W 15,017 


W Withheld to avoid disclosing company proprietary data; not included in “Total.” 
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Table 4.—Byproduct antimonial lead produced at primary lead refineries in the 


United States 
Antimony content 
Gross From From Total 
Wane weight domestic foreign From z 

(short eres! ores scrap Quantity Percent 
tons) (short (short (short (short of gross 
tons) tons) tons) tons) weight 
IES BEE 3,750 208 71 20 299 8.0 
1980. eegene 971 18 12 ES 20 3.1 
17 A A r N 3,922 361 185 9 555 14.2 
¡E Ee W W W W W W 
17. EE EE W W W W W W 


W Withheld to avoid disclosing company proprietary data. 


Includes primary residues and a small quantity of antimony ore. 
2Includes foreign base bullion and small quantities of foreign antimony ore. 


Secondary.—Old scrap, predominantly 
battery plates, was the source of most of the 
secondary output. New scrap, mostly in the 
form of drosses and residues from various 


sources, supplied the remainder. The anti- 
mony content of scrap is usually recovered 
and consumed as antimonial lead. 


Table 5.—Secondary antimony produced in the United States, by kind of scrap 
and form of recovery 


(Short tons of antimony content unless otherwise specified) 


1982 1983 
KIND OF SCRAP 
New scrap: 
¡AR 1,661 1,446 
MT A A A A AS O AA A 2 1 
A A A NN EE 1,663 1,447 
Old scrap: 
Lead Dabe- —  ——— een. Acus cV als teu M t e E 14,928 12,753 
dispo: EN" 4 
ee 14,933 12,757 
Grand total EES 16,596 14,204 
FORM OF RECOVERY 
In antimonial lead a a EL ns sca aaan 14,003 12,664 
in otner lead alloys == <a as io sata ti ds tl a O 1,987 1,523 
UN AS A A OA 6 17 
Otal nn EE ee lees ad a e eres do e 16,596 14,204 
VT, ITT WEEN $66.4 $56.8 
CONSUMPTION AND USES 


Domestic consumption of primary anti- 
mony increased compared with that of 1982. 
In recent years, improved technology has 
lowered the average antimony content of 
the antimonial lead alloy used in the manu- 
facture of starting-lighting-ignition (SLI) 
batteries. In 1983, the Battery Council In- 
ternational reported a 7% increase in the 
total shipments of replacement and original 
equipment automotive SLI batteries in the 
United States. Antimony alloyed with lead 
was also used in industrial chemical pumps 
and pipes, tank linings, roofing sheets, and 
cable sheaths. In these alloys, antimony 
increases strength and inhibits chemical 


corrosion. 

Antimony compounds were used in plas- 
tics both as stabilizers and as flame retard- 
ants. The use of antimony oxide as a flame 
retardant increased owing primarily to in- 
creased demand in the transportation and 
construction industries. Antimony oxide in 
an organic solvent was used to make fab- 
rics, plastics, and other combustibles flame 
retardant. Flames accompanying initial 
combustion are restricted or extinguished 
by chemicals released by heat from the 
treated materials. Antimony was also used 
as a decolorizing and refining agent in some 
types of glass such as special optical glass. 
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Table 6.—Reported industrial consumption of primary antimony in the United States 
(Short tons of antimony content) 


Class of material consumed 


Year Ore and | Byproduct Total 
concen- Metal Oxide Sulfide Residues ` antimonial ` i 
trate lead 

1979___—-------—- 15 1,899 9,528 32 MS 279 11,753 
1980___—_--------- Se 1,648 9,469 28 64 30 11,239 
IM Lan a arce ta Lee M 1,546 9,385 32 83 546 11,592 
1989. alc erect me 1,282 7,924 29 179 W 9,414 
TORS olm tee S 1,245 8,867 23 738 W 10,873 


W Withheld to avoid disclosing company proprietary data; not included in “Total.” 


Table 7.—Reported industrial consumption of primary antimony in the United States, 
by product 


(Short tons of antimony content) 


Product 1979 1980 1981 1982 1983 
Metal products: 
Ammubitiól =D in a be EE 253 362 409 294 175 
Antimonial lead... - - - - - --------------------—-—— 1,300 148 1,257 793 921 
Bearing metal and bearings- - - - - - ----------------—--—- 235 223 206 143 143 
Kabes 16 31 24 25 31 
Castings -------- A eee eth vai ata ies eRe Cae a Ce 14 10 11 9 9 
Collapsible tubes and foil - - - ---------------------- 24 18 9 1 W 
Sheet and pipe === Mamm LL A 36 29 36 26 43 
Selen de Ee 199 134 105 124 154 
metal. AS A AE AE 37 21 19 11 10 
Other. —— ——————— e e P ei ls MED tios Dee 99 74 69 67 71 
Totales e eun du A EA Ld 2,213 1,650 2,145 1,493 1,557 
Nonmetal products: 
Ammunition primers --------------------------- 23 20 20 20 16 
Fireworks MA See e E e 6 4 4 6 4 
Ceramics and glass _— - - - - - ------------—----—-—--———— 1,127 1,303 782 1,358 1,252 
Pigments coe A Hu cc cpu ee 399 499 341 330 198 
Plastics. 322 tet oe e ll e 1,580 1,636 1,551 1,050 1,453 
Rubber products `... 182 325 221 
AA A a 140 107 111 103 119 
Total sua in di ado a cri 3,457 3,894 3,046 3,088 3,112 
Flame-retardant: 
o A A ee ee 4,262 3,874 4,509 3,312 4,441 
¡SR A a eet 5 56 
TRUDE ene A R oe S 146 189 174 104 220 
E EE 302 461 585 179 184 
Textiles AA A A ay kt hee Nes ae 1,143 942 962 1,110 1,212 
Paper. conos it Ee 195 173 131 103 133 
Total. a Fy Ses ee AAA 6,083 5,695 6,401 4,833 6,204 
Grand total sce cece eee ee ee eae 11,753 11,239 11,592 9,14 10,873 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


Table 8.—Industry stocks of primary antimony in the United States, December 31 
(Short tons of antimony content) 


Stocks 1979 1980 1981 1982 1983 

Ore and concentrate ___________________-__~__-__--_- 1,757 2,743 2,529 532 446 
Metal- EE 1,184 680 916 556 805 
Oxide a at ecg ah ashe eee EE Lr es A 3,398 3,855 4,707 4,711 2,614 
JO TEE 17 13 25 24 19 
Residues and slags EE 730 1,116 864 150 51 
Antimonial lead? ____________________ ee 58 4 117 W W 

Toal eos sensed a ee ee hig de A NORMEN US 1,144 8,411 9,158 5,973 3,935 


W Withheld to avoid disclosing company proprietary data; not included in “Total.” 
1Inventories from primary sources at primary lead refineries only. 
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PRICES 


The New York dealer price for imported 
antimony metal was $0.93 to $0.98 per 
pound at the beginning of the year. The 
price fluctuated during the first part of the 
year and reached a low of $0.78 to $0.82 per 
pound in September. The price then in- 
creased steadily and by yearend was listed 
at $1.25 to $1.35 per pound. 

Asarco’s published price for high-tint an- 
timony trioxide in lots of 40,000 pounds was 
$1.20 per pound at the beginning of the 
year. The price was reduced several times 
during the first half of the year and reached 
a low of $1 per pound in May. The price 
remained at this level until late October 
when it was gradually increased so that by 
yearend Asarco’s published price for anti- 
mony trioxide was $1.16 per pound. Other 
domestic producers adjusted their prices 
during the year to remain competitive with 
Asarco’s price and generally lower priced 
imported material. 

The Metal Bulletin published European 


price quotations for various grades of anti- 
mony ore and concentrates. At yearend, the 
quotations were as follows: sulfide ore con- 
centrates, 50% to 55% antimony content, 
nominal; clean sulfide concentrates, 60% 
antimony content, $16.50 to $17.25 per met- 
ric ton unit (equivalent to $15.00 to $15.65 
per short ton unit); and lump sulfide ore, 
60% antimony content, $16.75 to $17.50 per 
metric ton unit (equivalent to $15.20 to 
$15.90 per short ton unit). 


Table 9.—Antimony price ranges in 1983, 


by type 
Price per 
Type pound 
Domestic metal! _______ A $2.00 
Foreign metal? _________________ $0.78- 1.35 
Antimony trioxide? ______________ 1.00- 1.20 
1Based on antimony in alloy. 


2Duty-paid delivery, New York. 
3Producer price, published by ASARCO Incorporated, 
for high-tint antimony trioxide. 


FOREIGN TRADE 


Exports of antimony metal, alloys, and 
scrap decreased dramatically from the unu- 
sually high level of exports in 1982. Canada, 
the United Kingdom, Thailand, and the 
Republic of Korea, in descending order of 
receipts, received approximately 60% of the 
total exports; the balance was shipped in 


small parcels to 19 countries. Exports of 
antimony oxide increased to 440 tons (gross 
weight). Approximately 70% of the total 
oxide, in decreasing order of receipts, was 
shipped to the Federal Republic of Ger- 
many, Canada, Italy, and Mexico; the bal- 
ance was divided among 18 other countries. 


Table 10.—U.S. import duties for antimony 


Ite TSUS Most favored nation (MFN) Non-MFN 

m p——ÓÀ————————————— d 
No. January 1, 1983 January 1, 1984 January 1, 1983 

Ore cnin ER he Du ee m 601.03 Free ne Free ` —------ Free. 

Needle or liquated |... 603.10 0.1 cent per pound 0.1 cent per pound 0.25 cent per 

pound. 
Metal, unwrought ` ....... 632.02 .9 cent per pound. .4 cent per pound. 2 cents per pound. 
Antimony oxide. . .. ...... 417.50 .1 cent per pound _ .] cent per pound. Do. 
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Table 11.—U.S. imports for consumption of antimony, by class and country 


1982 1983 
Class and country Gross Value Gross Value 
weight weight 
(short tons) (thousands) (Short tons) (thousands) 
Antimony metal: 
Belgium-Luxembourg ____________________-_-_- 93 $184 74 $126 
TEE 504 961 194 286 
Brazil oe O mete m e 28 255 Sa Xm 
Canada. cata ccs es et Ee IE LE 1 205 2 204 
NAAA wt EE 6 109 = 
Chpa MAA SE IEA 1,157 2,116 639 1,043 
Germany, Federal Republic of ___________________ (1) (1) 
EES (1) 4 (1) 
Mexico MEME" eee ee a ee Bu eae DS 39 17 257 178 
POPU se ret A 452 m ne SA Soe E 65 14 
USSR....-—— TON Net Acne RETO Gea NR Y oe os 20 33 
United Kingdom _______________~______ c 222r (1) (1) 31 18 
Yugoslavia- e eats cuente i et es 22 40 ER s 
de oi tod ss Se a ee 1,900 3,893 1,282 1,987 
Antimony oxide: mM l 
Belgium-Luxembourg -----------------------—- 230 561 308 608 
¡A 2,212 3,807 2,690 3,683 
BERI mee o ad e e Le ELM d 2 5 132 227 
CT TEE is 21 15 25 4 
©) EE MEM MR LE 22 M 220 215 
Chini 2.5 sec hel Do ge E dE 2,058 5,190 1,222 2,107 
¡o MAA A S 1,582 4,520 1,652 3,602 
Germany, Federal Republic of ------------------- 87 456 102 636 
Honp enge e ao 20 36 
¡PACA cuc Lc li Na rt Seen a, ee E nm 88 152 
Japan l.c oci lclc LLL E AR (1) 2 (1) 9 
Netherlands ____________________--~_ E 22 58 42 100 
South Africa, Republic of. 3,200 745 3,816 991 
United Kingdom __________________________- 959 2,686 287 888 
Total. EE 10,433 18,045 10,604 13,318 
Antimony sulfide:? 
Belgium-Luxembourg ----------------------—- 30 85 19 46 
OT Fe TEE a Katz 25 3 
China o ue EE 48 68 Pr = 
Doors MENACE INN NERO 10 27 3 5 
Germany, Federal Republic of `. CO) 1 SE A 
AË RM m "RR (1) 2 DE SE 
United Kingdom «o 2 o ic asia (1) 5 (1) 4 
dy, o erc mE IS ua ur. 88 188 47 58 
1Less than 1/2 unit. 
2Includes needle or liquated. 


Table 12.—U.S. imports for consumption of antimony ore and concentrate, by country 


1982 1983 
Country Gross Antimony Value Gross Antimony 
weight content weight content 

(short tons) (short tons) (thousands) (short tons) (short tons) (thousands) 
Bolivia. - - ------------ 2,498 . 1,083 $2,124 1,815 1,196 $1,158 
Canada -------------- 680 427 622 5 3 4 
Chile .——. str ave — — 33 22 20 
Mexico === 22. ta sde , 2,162 485 597 2,678 632 400 
South Africa, Republic of .. ` ` 110 71 125 846 444 146 
Thailand ___________-~- TZ ates es 923 471 598 
United Kingdom- - ------- 41 31 99 5 2 9 
Zimbabwe- - ----------- 116 12 122 ata pe dies 


Total. EE 5,607 2,769 4,289 6,305 2,770 2,335 
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WORLD REVIEW 


Bolivia.—Corporación Minera de Bolivia 
(COMIBOL) and Empresa Nacional de Fun- 
diciones (ENAF) announced that test smelt- 
ing was expected to begin in September 
1983 at the new lead and silver smelter in 
Karachipampa, Potosi. This joint venture 
between COMIBOL and ENAF reportedly 
will operate under the corporation name of 
Sociedad del Complejo Metalürgico de Kara- 
chipampa. The plant was expected to proc- 
ess 56,000 tons of lead concentrates per year 
for an annual production of 24,000 tons of 
lead, 220 tons of silver, and 2,000 tons of 
byproduct antimony, along with additional 
byproducts of zinc, copper, and bismuth.* 


Empresa Minera Unificada S.A. (EMU- 
SA) announced the closure of its Caracota 
Mine for maintenance work. The clo- 
sure was expected to last a minimum of 3 
months. The Caracota Mine accounted for 
40% of EMUSA’s antimony ore output.‘ 

Brazil.—In January, Cia. Industria] Ama- 
zonese and Best Metais e Soldas announced 
the opening of a new antimony smelter 
located at Manaus. The plant was expected 
to treat oxide ores, imported principally 
from Thailand, to produce antimony metal, 
but the plant also has the capability to treat 
sulfide ores. Annual capacity was reported 
to be 1,300 tons of antimony metal.’ 


Table 14.—Antimony: World mine production (content of ore unless otherwise specified), 
by country’ 


(Short tons) 
Country 1979 1980 1981 1982” 1983° 
Australia? ~§ = = Lll 11.696 71,531 1,246 1,326 1,300 
Austria uec eon LA a SE 629 130 665 135 660 
HolVvid ee se es 14,351 17,047 16,866 15,408 11,600 
BLA EE EE 2 29 330 
Bürmāä -c ee a f 750 485 e110 M" e 
Canada"? A naana aa 3,256 2,600 1,560 Ne M 
Chiba sra. e ON 11,000 11,000 11,000 11,000 11,000 
Czechoslovakia___________________ 584 639 551 551 550 
France AA AE de De 344 340 330 
Guatemala... ls rs má 728 613 563 €550 500 
Honduras -------------—---—--———— 25 e99 *11 11 
TtBly ou o oun c eae eee Beret 1,047 786 767 374 400 
M aysia (Sarawak) _______________- 338 147 211 419 440 
Mexico _______________________ 3,166 2,399 1,984 1,725 1,700 
Morocco EES 2,175 606 556 998 1,100 
Pakistane oou oo ataca biie ca 7 11 11 56 55 
Peru (recoverable) ______________.___ 60 379 755 814 770 
South Africa, Republic of_____________ 12,815 14,413 10,748 510,070 56,947 
To O ce, EA 552 689 712 506 550 
E EE 3,235 3,214 1,322 734 1,300 
42 AP AA 309 71,068 924 1,189 1,200 
USSR sedi cies uet dU LE 9,100 9,300 9,500 9,900 10,000 
United States ___________________ 722 343 646 503 7838 
Yugoslavia _________~____________ 2,245 1,852 1,604 1,543 1,500 
Zimbabwe... e eec aces r96 r92 160 227 220 
AA e dl de 169,534 770,020 63,124 59,277 53,301 
“Estimated. Preliminary. "Revised. 


1Table includes data available through May 16, 1984. 


2Antimony content of antimony ore and concentrates, lead concentrates, and lead and zinc middlings. 

3Partly estimated on the basis of reported value of total production. 

,Antimony content of ores for export plus antimony content of antimonial lead and other smelter products produced. 
5Reported figure from Consolidated Murchison Ltd. 1983 Annual Report. 

Production from antimony mines; excludes amount produced as a byproduct of domestic lead ores. 


"Reported figure. 


TECHNOLOGY 


A modified transpiration apparatus was 
devised by the Bureau of Mines to permit 
rapid and accurate measurement of the 
vapor transport and vapor diffusion coeffi- 
cients of antimony sulfide (Sb;S;) and other 
compounds at temperatures up to 1,045" 


Kelvin.* 

Phillips Petroleum Co. marketed an addi- 
tive that ties up heavy metals to maintain 
catalyst activity during the refining of 
crude oil and helps to prevent a shift in the 
reaction equilibrium to gas and coke at the 
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expense of gasoline. The additive, called 
Phil-Ad CA, presumably is antimony oxide 
or a compound that converts to antimony 
oxide on calcination.’ 


1Physical scientist, Division of Nonferrous Metals. 

“Federal Register. Antimony Metal, Antimony Trioxide, 
and Antimony Sulfide; Decision To Acce egotiated 
Bos Program. V. 48, No. 172, Sept. 2, 1983, pp. 39979- 
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3Mining Journal (London). Bolivian Lead-Silver Smelt- 
er. V. 800, No. 7714, June 24, 1983, p. 431. 

4— ——. Emusa Mine Shutdown. V. 301, No. 7716, July 

8, 1983, p. 30. 
5Metal Bulletin (London). Brazilian Antimony Is Roll- 
ng. No. 6821, Sept. 16, 1983, p. 19. 

Madsen, B. W., A. Adams, and P. A. Romans. Deter- 
mining Vapor Density and Gaseous Diffusion Coefficients 
of Sb2S Using a Modified Transpiration Apparatus. Bu- 
Mines RI 8812, 1983, 14 pp. 

"Chemical Week. More Motor Fuels From Dirtier 
Crudes. V. 133, No. 4, July 27, 1983, pp. 21-22. 
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Asbestos 


By R. A. Clifton: 


U.S. apparent consumption of asbestos 
continued to decline in 1983 because of its 
unfavorable public ecological image. US 
apparent consumption was 88% of that in 
1982 and 27% of the alltime high of 1973. 
Shipments from domestic mines, all chryso- 
tile, increased 10%, and imports decreased 
19%. The Manville Corp., formerly Johns- 
Manville Inc., the largest producer of asbes- 
tos in the market economy countries and 
the largest U.S. manufacturer of asbestos 
. products, ceased all asbestos mining and 


product manufacturing. Manville's Canadi- 
an mine, the world's largest, was purchased 
by a Canadian group and production was 
expected to continue. 

Domestic Data Coverage.— Domestic pro- 
duction data for asbestos are developed by 
the Bureau of Mines by means of a volun- 
tary industry survey. Of the three can- 
vassed operations to which a survey collec- 
tion request was made, all responded, repre- 
senting 10096 of the total production data 
shown in table 1. 


Table 1.—Salient asbestos statistics 


United States: 
Production (sales) .. . metric tons. _ 
IY -22222222 thousands. _ 


Exports and reexports (unmanufactured) 
metric tons. _ 
EH thousands_ _ 
Exports and reexports of asbestos products pae 
MEER 
Imports for consumption (unmanufactured) 
metric tons. _ 
Valle e e cie See thousands. _ 
Released from stockpile (unmanufactured) 
metric tons. _ 
Consumption oo do ---_ 
World: Production- ----------------- do____ 


“Estimated. Preliminary. 
Legislation and Government Pro- 
grams.—The Occupational Safety and 
Health Administration (OSHA) published 
in the Federal Register of November 4 its 
Emergency Temporary Standard (ETS), 
which lowers, by a factor of four, the per- 
missible level of workplace exposure to 
asbestos. The ETS was challenged in the 
Fifth Circuit Court of Appeals by the asbes- 
tos industry and, on November 23, was 
stayed pending judicial review. 

On July 27, in testimony before the Sen- 
ate Subcommittee on Toxic Substances and 
Environmental Oversight, the Environmen- 


1979 1980 1981 1982 1983 
93,354 80,079 75,618 63,515 69,906 
$28,925 $30,599 $30,685 $24,917 $27,866 
43,291 48,671 64,419 58,771 54,634 
$17,381 $21,067 $21,508 $19,713 $19,683 
$137,690 $141,653 $145,130 $127,867 $129,582 
913,084 321,296 337,618 241,131 196,387 
$135,210 $91,809 $103,893 $64,925 $57,956 
1 m ZE m -— 
960,600 358,700 348,800 246,500 217,000 
74,158,022 "4,699,300 4,337,140  P4,080,314 “4,157,256 


tal Protection Agency (EPA) testified that 
within 1 year it would propose a ban on 
certain asbestos products. The products to 
be covered by the proposed ban are saturat- 
ed asbestos roofing felt, unsaturated roofing 
felt, asbestos flooring felt, asbestos sheet 
flooring, vinyl-asbestos floor tile, and 
asbestos-cement pipe. It was EPA's inten- 
tion to propose another rule in October 
1984, which would set production ceilings 
for remaining asbestos products. These lim- 
its would decline until all products contain- 
ing asbestos would be eventually phased 
out. 
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The Consumer Products Safety Commis- 
sion (CPSC) published its final report of the 
Chronic Hazard Advisory Panel on Asbes- 
tos. Copies of the report are available from 
the Office of the Secretary, Consumer Prod- 
ucts Safety Commission, Washington, DC 
20207. Copies may also be obtained by 
calling the Office of the Secretary at (301) 
492-6800. 

In July, EPA, CPSC, and OSHA set up a 
formal task force on asbestos. The group 
was to develop a coordinated Federal ap- 
proach to protect the public from health 
hazards of asbestos in the workplace, during 
use of a product, or from disposal practices. 
The group’s goals include assessing avail- 


MINERALS YEARBOOK, 1983 


able data on asbestos health hazards, coor- 
dinating scientific research, identifying con- 
trol measures, and developing a uniform 
approach to issuing regulations. 

Environmental Impact.—The mortality 
rate of Reserve Mining Co.’s employees 
exposed to asbestos-containing taconite dust 
was the subject of a medical journal article.? 
It was found that men employed by Reserve 
from 1952 to 1976 had a mortality rate 
significantly lower than that expected for 
white males in the State of Minnesota and 
that deaths from malignant diseases were 
marginally below those expected for the 
State. 


Table 2.—Stockpile goals and Government inventories for asbestos as of December 31 


(Metric tons) 
a Total inventories 
ile 
seal 1981 1982 1983 
Amoósite c o ts nutu fct e i Ma e Re ER a EA ES e Re AU 15,422 38,587 38,587 38,591 
EN SOU EE 2,722 9,034 9,034 9,753 
dni ==. —————— pene s 72,163 754 754 
Total. ita e o ge oca Ea A ie dt LIE 18,144 149.784 48,375 49,098 
"Revised. 
DOMESTIC PRODUCTION 


Mines in the United States shipped about 
10% more asbestos than in 1982, and the 
value increased 12%. Only two States pro- 
duced asbestos; California was the leader, 
followed by Vermont. 

Calaveras Asbestos Corp. was California's 
and the Nation's leading producer, from its 
Copperopolis Mine. The other California 


producer, the Santa Rita Mine on the Joa- 
quin Ridge near Coalinga, in San Benito 
County, was owned and operated by Union 
Carbide Corp. This mine was the second 
largest U.S. producer. The third U.S. pro- 
ducer was the Vermont Asbestos Group's 
Lowell Mine in Orleans County, VT. 


Table 3.—Asbestos producers in the United States in 1983 


: Type of 
State and company County Mine asbestos 
California: 
Calaveras Asbestos Corp |... Calaveras _______~_ Copperopolis ___ _ _ Chrysotile. 
Union Carbide Corp ----________ San Benito |... Santa Rita ______ Do. 
Orleans ` Lowell_________ Do. 


Vermont: Vermont Asbestos Group- _ _ _ _ 


Employment in U.S. asbestos mines and 
mills remained at about 400 persons. 

Miners at the Asbestos Group’s mine in 
Vermont went on strike in October and 
were still out at yearend. Despite this, the 


management was optimistic about the fu- 
ture. A foreclosure suit had been dismissed, 
and there was sufficient inventory at the 
mine to meet shipments for some time. 
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CONSUMPTION AND USES 


Total U.S. asbestos consumption decreas- 
ed 12%; of the total, 97% was chrysotile and 
3% was crocidolite. Small amounts of amo- 
site were reported used. One percent of the 


chrysotile used was spinning grades 1, 2, or 
3. Grade "'s were the most used, 76%, 
followed by grades 4 and 6, 8% each, and 
grade 5's, 7%. 


Table 4.—U.S. asbestos consumption by end use, grade, and type 


(Thousand metric tons) 


Chrysotile Cro- EH Total 
End use Grades Grade Grade Grade Grade Grade moa) “9° site bes- 
Land? 3 4 5 6 7 9 lite tos 
1982 total___________ m 2.3 18.4 15.0 18.8 175.3 229.8 16.0 0.7 246.5 
1983: 
Asbestos-cement pipe. . ae Gs 14.4 4.6 9 me 19.9 6.2 ee 26.1 
Asbestos-cement sheet _ Ss T 2 D 6.7 2.2 10.0 as mE 10.0 
Coatings and com- 
pounds --------- -— za EE zt 22.8 22.8 m iu 22.8 
Flooring products _ _ _ — RR a ate E 44.6 44.6 a m 44.6 
Friction products ____ Se AE D 7.3 6.2 33.9 48.3 Soe E 48.3 
Insulation: 
Thermal ` Sa = Se = TUR NN S Së Jl 1 
Electrical ______ SEN SE — ts e. D 6 ud DS? 6 
Packing and gaskets _ _ are ee A 9 T 10.8 12.4 nx ae 12.4 
Paper___________ Se qe 1 B 1.4 1.5 oa: an 1.5 
Plastics _________ _ 0.2 Wë SÉ 2 "" 2 6 "s We .6 
Proofing products _ _ _ Ge Se E x 2.8 3.7 6.5 e M 6.5 
Textiles-_________ 2 1.1 Da a m M 1.3 en tz 1.3 
Other ___________ _ 1.1 1.1 3 1 39.1 41.7 "" 5 42.2 
Total ______ 4 2.2 17.0 13.9 17.4 159.3 210.2 6.2 6 217.0 
PRICES 


Depressed markets and high producer 
inventories of the last few years have caus- 
ed final negotiated asbestos prices to be 
lower than listed prices. A realistic set of 
unit values can be calculated using import 


data. These averaged data represented most 
of the domestic market. The unit value of 
exported asbestos, $360 per metric ton, 
represented a 7% increase. 


Table 5.—Customs unit values of imported asbestos 


(Dollars per metric ton) 
1979 1980 1981 1982 1983 
Canada: 
Chrysotile 
Cement _ _ _ SEENEN EEN 238 251 272 234 257 
TT TEE 201 158 E 380 199 
SpiHnlilg. AAA AOS 868 843 927 917 932 
Bd Dero A tee 292 296 373 334 384 
South Africa, Republic of: 
AMOSE e Ee A SN AAA 499 1,611 728 771 840 
Crocidolite ==: sc hae ee 711 686 676 646 629 
FOREIGN TRADE 


U.S. exports, accounting for 51% of the 
value, followed by Japan, 8%; Saudi Arabia, 


There was a 1% increase in the total 
value of asbestos fibers and asbestos prod- 


ucts exported from the United States; of 
this, the fiber portion remained at 13%. 
Canada remained the largest recipient of 


7%; and Mexico, 6%. 
Canada provided 9495 of the asbestos 
fiber imported into the United States, and 
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the Republic of South Africa provided 6%. 
Several countries provided minor amounts. 
Chrysotile again dominated the imported 


types with 97% of the total. The value of 
imported fiber was only 89% of that of 1982. 


Table 6.—Countries importing U.S. asbestos fibers and products 


(Thousand dollars) 
1982 1983 
Country Unmanu- Manu- Unmanu- Manu- 
factured factured Total? factured factured Total? 
fibers products fibers products 
Australia _____________ 145 5,034 5,179 19 2,107 2,126 
PAZ eee foe o Seine 242 367 609 221 1,432 1,653 
Canada ______________ 1,144 43,714 44,858 1,539 73,739 75,278 
Germany, Federal Republic of_ 980 2,417 3,397 985 2,367 3,392 
Japan -_-_-_--_ edel 3,933 6,475 10,408 3,787 8,036 11,823 
Korea, Republic of- ------- 730 2,367 3,098 550 781 1,331 
uwalt ia ee ek EIS 1,114 1,114 SEN 1,380 1,380 
Mexico______________/_ 4,902 9,837 14,739 4,649 3,565 8,214 
Saudi Araba -________._._ 17 15,291 15,308 13 10,339 10,352 
Thailand _____________ 1,199 325 1,524 2,599 189 2,788 
Turkey ------------—- aes 334 334 497 913 1,410 
United Kingdom_________ 178 2,761 2,939 204 2,116 2,320 
Venezuela, 259 5,747 6,006 329 1,773 2,102 
Other ncs d czi—4- 15,815 130,920 36,735 4,005 19,846 23,851 
Total! EEN 19,543 126,704 146,247 19,398 128,584 147,981 
1Data may not add to totals shown because of independent rounding. 
Table 7.—U.S. exports and reexports of asbestos and asbestos products 
1981 1982 1983 
Product : Value ' Value ` Value 
ds pie " (thou- n (thou- auan (thou- 
y sands) y sands) y sands) 
EXPORTS 
Unmanufactured: 
Crudes, fibers, stucco -_________ metric tons... 50,131 $17,328 42,342 $14,752 40,476 $14,879 
Sand and refuse ________________ _ do... 13,995 4,021 16,183 4,791 13,760 4,519 
Total a ht oes IE do- ___ 64,126 21,349 58,525 19,543 54,236 19,398 
Products: 
Asbestos fibers. ________________ _ do____ 3,840 9,544 2,538 8,119 1,537 5,198 
Shingles and clapboard... . do____ 21,711 3,686 4,011 3,235 3,082 1,935 
Other articles of asbestos- __________-_ do____ 17,504 14,292 17,639 13,444 4,953 5,593 
GaBkKets. — na Res a ee ees te do____ 451 4,144 358 3,020 337 2,196 
Packing and seals _-_____________.__ do. 1,598 18,179 1,311 15,309 1,015 10,174 
Insulation. ------------------—- do. _ NA 8,185 NA 6,799 N 3,270 
Other articles, n.s.p.f -------------- do — NA 23,660 NA 17,047 NA 9,477 
Brake linings and disk brake pads _ _ _ _ _ _ do... NA ` 50,058 NA 42,852 NA 10,456 
Clutch facings and linings `. number. _ NA 12,783 NA 16,879 NA 20,285 
Total ccm. noL UD LL Det XX 144,531 XX 126,704 XX 128,584 
REEXPORTS 
Unmanufactured: 
Crudes and fibers |. metric tons... 240 150 246 170 333 211 
Sand and refuse ________________~- do. ___ 53 9 XX XX 65 14 
Total EE do ... 293 159 246 170 398 285 
Products: | 
Asbestos fibers- - do____ 6 34 66 203 3 7 
Shingles and clapboard- - ----------- do____ 34 20 ES SES Em si 
Gas kets ma de ee ek r e do- --- ue 7 Sieg 1 (2) 117 
Packing and seals _-__________-_-_--- do____ 1 2 5 22 1 10 
Tnsulation= momen G02. = NA 17 ER a NA 10 
Other articles, n.s.p.f -------------- do... NA 120 NA 9 NA 166 
Brake linings and disk brake pads .. _ _ _ _ do.... NA 149 NA 939 NA 318 
Clutch facings and linings - -------- number. _ NA 234 NA 309 NA 167 
Other articles of asbestos_ - - - ___ metric tons. _ 1 16 27 80 59 203 
KI EE XX 599 XX 1,163 XX 998 
NA Not available. XX Not applicable. 


1Less than 1/2 unit. 
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Table 8.—U.S. imports for consumption of asbestos fibers by type, origin, and value 


South Africa, 


Canada Republic of Other Total 
Type Quantity Value Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
T98 n eus in ie 318,367 $90,828 17,112 $10,846 2,139 $2,219 337,618 — $103,893 
1982: 
Chrysotile 
Crude _____ __ 36 14 8 1 44 15 
Spinning fibers 1,328 1,218 904 453 202 283 2,434 1,954 
All other ____ 227,715 55,482 2,193 1,341 1,058 728 230,966 57,551 
Crocidolite (blue) _ _ Seas EM 1,904 5,105 SE T 1,904 5,105 
Amosite -___--- ME NN 389 300 Ls Ee 389 300 
Total... 229,079 56,114 11,390 1,199 1,268 1,012 241,131 64,925 
1983: 
Chrysotile: 
Crude ______ 4 1 313 220 89 138 406 359 
Spinning fibers 1,840 1,714 190 123 161 225 2,191 2,062 
All other |... 182,459 48,018 4,465 2,998 80 120 187,004 51,136 
Crocidolite (blue) ` _ e EI 6,171 3,887 ae EH 6,177 3,887 
Amosite _______ ts = 609 512 E S 609 512 
Total. __ 184,303 49,733 11,754 7,740 330 483 196,387 57,956 
WORLD REVIEW 


The market economy countries’ asbestos 
industries suffered the same state of over- 
supply, reduced demand, mine layoffs, and 
general economic problems that character- 
ized 1982. Increased demand in the last 
quarter did little more than reduce some of 
the high fiber inventories. 

Canada.—Manville concluded the sale of 
the Jeffrey Mine at Asbestos in September. 
The purchasers included a number of for- 
mer Manville executives headed by the 
president of their former auditing firm. J. 
M. Asbestos Inc., the new owner, promised 
to continue production of fine chrysotile 
fibers and provide technical services. 

Preliminary figures were cited that show- 
ed a continued downturn of Quebec’s fiber 
production? The volume, estimated at 
717,000 tons, was 4% below that for 1982, 
but the value, Can$316 million, increased 
6%. 

According to a published report, Asbestos 
Corp. planned to close its Asbestos Hill 
Mine for 1 year.‘ Inventory shortfalls caus- 
ed by the closing were to be made up by 
increased production from its Thetford 
Mine. A closure of Asbestos Hill might 
cause a temporary shutdown of Asbestos 
Corp.’s mill in Nordenham, Federal Repub- 
lic of Germany, which currently processes 
the concentrated ore. 

Italy.—A mining periodical described the 


current operation of the Amiantifera Ba- 
langero S.p.A. Balangero Mine z Asbestos 
was mined from a face 170 meters high by 
700 meters long. The mine’s annual capaci- 
ty was rated at 3.1 million tons of ore 
yielding 150,000 tons of fiber. It was one of 
the few asbestos mines in the world with a 
salable byproduct. Nearly one-half million 
tons per year of high-quality crushed stone 
and sand have been sold from the Balangero 
Mine. 

South Africa, Republic of.—A mining 
periodical detailed workings of a mine and 
mill that produced roughly one-half of the 
world’s crocidolite in 1982.6 The under- 
ground Pomfret Mine of the Griqualand 
Exploration and Finance Co. Ltd. was con- 
sidered to be the premier crocidolite mine of 
the world. Ore selection at the face of 
grades not less than 6% was used to main- 
tain an average ore grade of 12% to the 
mill. Except for a wash cycle to recover 
fibers, the mill process was dry. Pomfret’s 
2,400 employees live in the town of Pomfret, 
which is owned by the company. 

Zimbabwe.—A weekly mining periodical 
painted a bleak picture for the country’s 
asbestos industry. Extrapolation of half- 
year production figures showed a 27% pro- 
duction decline from that of 1982, and a 
56% production decline from that of 1976, 
its record year. 
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Table 9.—Asbestos: World production, by country! 


(Metric tons) 
Country? 1979 1980 1981 1982P 1983* 

Afghanistan ____________________ *4,000 nme SiS NA NA 
ATOOCNUING: a tt E Lum 1,371 1,261 1,280 1,218 1,350 
Australia- LL LLL LLL LL 19,721 92418 44,647 r €20,000 20,000 
Brazib. o sl et HS 138,457 169,173 138,420 €140,000 135,000 
BülFAFId oro a o td ee 600 700 400 600 600 
Canada (shipments) ______________ _ 1,492,719 1,323,053 1,122,000 834,000 829,000 
A A etras 1140,000 131,700 106,000 110,000 110,000 
Cyprus oe ee HER DUE 35,472 34,535 24,440 18,952 18,000 
EE ML re ee 238 316 32 310 325 
Groote tere Ee A "d *100,000 100,000 
India unn hcm Bl 32,094 31,253 24,515 26,161 25,000 
Italy sre LEE M LM LAE E 143,931 157,794 137,086 116,410 120,000 
E e EE 3,897 3,950 4,135 4,000 
Korea. Republic of _-_-______________ 14,804 9,854 14,084 15,933 15,000 
Mozambique LLL LLL 789 “800 *800 - *800 800 
South Africa, Republic of ____________ 249,187 277,734 235,943 211,860 220,000 
Swaziland (exports)____-_-___________ 34,294 32,833 35,264 26,413 331,275 
Taiwan e a Sees ere xt Cee 2,957 683 2,317 2,392 2,500 
Turkey uo a ee T600 718,162 3,860 958 4,000 
LS SI s a enar Ee at EE cete E 2,020,000 2,070,000 2,105,000 2,180,000 2,250,000 
United States (sold or used by producers). _ _ 93,354 80,079 15,618 63,515 369,906 
Yugoslavia ooo o 10,041 12,106 13,591 11,657 10,500 
Zimbabwe: 224 is 259, "891 250, 949 247 600 194, 400 190, 000 

Toal e i Se Bee Ge T4.158,022 74,699,300 4,337,140 4,080,314 4,157,256 

“Estimated. Preliminary. "Revised. NA Not available. 


1Table includes data available through Apr. 18, 1984. 


2In addition to the countries listed, Czechoslovakia, North Korea, and Romania also produced asbestos, but output is 
not officially reported, and available general information is inadequate for the formulation of reliable estimates of output 


levels. 
3Reported figure. 


TECHNOLOGY 


The U.S. Navy tested shipboard trans- 
formers, with and without asbestos, to dem- 
onstrate the superior properties of asbestos 
electrical insulating papers and boards.’ 
Among the tests conducted was one to 
establish failure temperature under various 
overloads. The transformer containing as- 
bestos surpassed all others by nearly 300° F. 
Asbestos emission tests demonstrated that 
little, if any, asbestos fiber was emitted 
from any of the transformers under actual 
operating conditions and that the tremen- 
dous overload resistance of the asbestos 
insulating system permits transformers on 
board U.S. Navy warships to operate under 
the most severe combat conditions. 

A neoprene spray process was developed 
for coating asbestos fibers to prevent their 
escape from construction components used 
in building interiors.? The process is design- 
ed to both penetrate and surface coat the 
asbestos and eventually cure the coating to 
form a tough elastic cocoon. Use of the 
process was claimed to eliminate or greatly 
reduce the very high fiber counts generated 
during the disassembly of buildings. 

Substitutes.—A glass industry publica- 
tion describes a new alkali-resistant glass 
fiber.'^ The Japanese National Institute for 
Research in Inorganic Chemicals applied 
for Japanese and U.S. patents on its glass 
fiber, claimed to be at least 10 times higher 


11 


fiber produced by England's Pilkington 
Bros. The process mixture for the glass 
consists of 25% each of silica and alumina 
and 50% of an intermediate material used 
in producing yttrium. 

Two organic fibers were identified as 
having comparable properties to asbestos in 
certain uses. These were an acrylic fiber 
presented by the Badische Corp." and a 
polyvinyl alcohol fiber developed by Eter- 
nits, the Swiss asbestos cement manufactur- 
er, and the Osaka-based Kuraray Co., as an 
asbestos substitute in cement products.” 
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Barite 


By Sarkis G. Ampian? 


Domestic production of barite decreased 
significantly for the second successive year, 
down 59% to 754,000 short tons valued at 
$29 million as output was lowered to pre- 
1970 levels. Nevada, the leading producer, 
decreased output 58% to 663,000 tons. Pro- 
duction from Missouri, the second leading 
producer, decreased substantially. Imports 
for consumption of crude barite declined to 
1.40 million tons, 40% below the record 1982 
level, but led domestic production for the 
second successive year. This decline in bar- 
ite imports was the first in nearly 10 years. 
The principal use for barite, as a weighting 
agent in oil- and gas-well-drilling fluids 
(muds), accounted for 96% of U.S. consump- 
tion. 

Demand for barite continued the decline 


started in the second half of 1982 owing to 
an oil glut and economic downturn that 
resulted in lower oil- and gas-well-drilling 
activity accompanied by the drilling of shal- 
lower wells that used less barite per foot of 
well. Barite grinding capacity, escalated in 
earlier years to meet demand, remained in 
a position to meet present or future de- 
mand. 

Domestic Data Coverage.—Domestic pro- 
duction data for barite were developed by 
the Bureau of Mines from one voluntary 
survey of U.S. operations. Of the 103 oper- 
ations to which a survey request was sent, 
100% responded, representing 100% of the 
total crushed and ground production sold or 
used shown in table 1. 


Table 1.—Salient barite and barium chemical statistics 
(Thousand short tons and thousand dollars) 


1979 1980 1981 1982 1983 
United States: 

Barite, primary: 
Sold or used by producers- _ 2,112 2,245 2,849 1,845 154 
MaldBo s. n cc hse e C4 Lu LA $53,581 $65, 957 $102,439 $69,522 $29,203 
EXDOPS. —— 2 al eun pit 10 97 62 49 23 
Val. il te ne ace i ie e $10,861 $13,794 $9,947 $6,510 $3,514 
Imports for consumption (cerudel. 1,489 1,850 1,932 2,320 1,396 
Consumption (apparent)! ______________ 3,492 3,998 4,719 4,116 2,127 
Crushed and ground (sold or used by processors)? _ _ 3,223 3,649 4,716 4,088 2,745 
eh TEE $179,009 $365,632 $406,255 $322,700 $194,380 
Barium chemicals (sold or used by processors) _ _ _ _ 40 22 
AAA A EA $26,063 $22,441 $20,670 $18,720 $16,860 
World: Production ee eas cat oy cin ia eh E a ey s 7,999 78,302 9,036 P8,251 *6,348 


“Estimated. Preliminary. "Revised. 
1Sold or used plus imports minus exports. 
2Includes imports. 
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DOMESTIC PRODUCTION 


The term “primary barite" denotes the 
first marketable product and includes crude 
run-of-mine barite, flotation concentrates, 
and material concentrated by other benefi- 
ciation processes such as washing, jigging, 
or magnetic separation. Run-of-mine barite 
sold or used by producers represented 38% 


of total production compared with 36% in 


1982; flotation concentrate was 13% of total 
1983 production; and the balance was other 
beneficiated material. 

Reported primary barite production de- 
creased 59%. Nevada and Georgia were the 
leading States for barite output. Other pro- 
ducing States, in descending order, were 
Missouri, Montana, Tennessee, Illinois, and 
Washington. Illinois produced barite as a 
coproduct of fluorspar mining and milling; 
in all other States, barite was the primary 
product. 

The leading domestic barite producers 
were NL Baroid/NL Industries Inc. with 
mines in Arkansas, Missouri, and Nevada; 
Dresser Minerals Div., Dresser Industries 
Inc., with mines in Missouri and Nevada; 
IMCO Services Div., Halliburton Co., with 
mines in Missouri and Nevada; and Mil- 
chem Inc., with mines in Nevada. Other 
important producers in Nevada were All 
Minerals Corp., A. W. Arnold and Associ- 
ates Inc., Chromalloy American Corp., 
Eisenman Chemical Co. (a subsidiary of 
Newpark Resources Inc.), FMC Corp., and 
Old Soldier Mining Co. DeSoto Mining Co. 
in Missouri and David Beck Co. in Washing- 
ton also produced significant quantities of 
barite. 

The domestic barite industry continued 
its downturn, which had started at midyear 
1982. Production data revealed the full 
effect of the oil glut and economic slow- 
down, which resulted in lower oil- and gas- 
-well-drilling activity. Prior to the downturn, 
the industry had enjoyed a twofold increase 
in mine and grinding plant capacities from 
the latter half of the 1970’s to the first half 
of 1982. The downturn left many barite 
producers with excess inventories and long- 
term commitments to purchase foreign ore, 
and was followed by cutbacks in domestic 
mine production and grinding plant activi- 
ties. This slowdown was exacerbated by the 
continuing decline in foreign ore prices 
because of world barite oversupply and 
lower ocean freight rates, in part owing to 
lower bunker fuel prices. These factors, 


coupled with increased domestic mining 
costs and higher rail rates, combined to 
make foreign barite more attractive than | 
domestic ore. Although some larger produc- 
ers were starting to use unit trains in 
collaboration with the railroads, thus lower- 
ing their rail rates to the U.S. gulf coast 
areas, many mining and grinding oper- 
ations were either suspended or on minimal 
production schedules. Most of the additions 
to mining, milling, and/or grinding capacity 
had begun before the 1982 downturn. Many 
on-going and planned projects, including 
exploration programs, were being critically 
evaluated. 

A major barite producer was promoting 
the use of a weighting agent containing 
barite with upwards of 20%, by weight, of 
the heavier iron oxide ore, specular hema- 
tite. This material was reportedly more cost 
effective in oil- and gas-well drilling than 
the pure barite agents. This blended materi- 
al could spur the need for more lower grade 
domestic barite. The use of more economical 
unit train shipments from Nevada to the 
gulf coast could play a role in fostering 
increased domestic barite production. 

NL Baroid/NL Industries placed its Lake 
Charles, LA, grinding plant on-stream. 
Eisenman improved its crude ore unload- 
ing system and expanded its packaging, 
storage, and warehouse operations at its 
Corpus Christi, TX, grinding facility. W. R. 
Grace & Co. and Hughes Tool Co. formed an 
equally owned partnership, Hughes Drilling 
Fluids, which combined the domestic oper- 
ations of Hughes Drilling Fluids Div. and 
Drilling Mud Inc. FMC announced plans to 
close its barium and strontium chemicals 
production facilities in Modesto, CA, by 
mid-1984. The plant processed barite ore 
from its Mountain Springs, NV, mine. The 
company cited high production costs, in- 
creasing imports, and shrinking demand as 
the main reasons for its decision. This was 
the sixth barium or strontium chemical 
unit in North America to close since 1970. 
Chemical Products Corp. (CPC), Carters- 
ville, GA, the sole surviving domestic pro- 
ducer of barium and strontium chemicals, 
started to expand its production capacity 
for these chemicals to meet the anticipated 
shortfall in these chemicals brought about 
by the closing of FMC’s Modesto facility and 
to minimize the need for imports to satisfy 
domestic demand. CPC filed a petition with 


BARITE 


the U.S. International Trade Commission, 
which instituted preliminary antidumping 
investigations relating to imports of barium 
chloride and barium carbonate from China. 


* 
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The petition charged that material from 
China was being sold at prices substantially 
below those of domestically produced mate- 
rial. 


Table 2.—Primary barite sold or used by producers in the United States, 


Run of mine 


by State 
Flotation Beneficiated 
concentrates material! Total 
of Quan- Quan- Quan Quan 
SE opera- ahoa Value ahon Value ghd Value «hor Value 
tions sand (thou- sand (thou- Sand (thou- sand (thou- 
short sands) short sands) short sands) short sands) 
tons) tons) tons) tons) 
1982: 
Arkansas ____________ 2 E is W W W W W W 
e AAA 2 e Ge W W W W W W 
Dinois -----------— 1 MU "WT W W "s ue. W W 
Missouri_____________ 8 SH T E "NE 107 $5,103 107 $5,703 
Montana |... 1 W ES e M E W 
Nevada |... 17 633 $13,721 Wës m" 942 39,000 1575 52,121 
Tennessee____________ 1 W W T NE MA uet W WwW 
Washington... 1 W W um S Er - W W 
Total ua - 33 668 16,481 82 $6,420 1,095 46,621 1,845 69,522 
1983: 
Georgia ------------- 2 ER T W W W W W W 
Illinois__ ~~~ _~_~_~______ 1 m EM W W W W W W 
Missouri... 2 5 » RM St W W W W 
Montana. |... 1 2 150 Se ES 8 600 10 150 
Nevada |... 11 276 7,140 W W 387 14,596 663 21,736 
Tennessee____________ 1 W W St SAE cl Mr W W 
Washington- ---------- 1 W W E ae E -— W W 
LOCAL ice tese 19 283 1,594 2101 77,336 472 21,609 3754 29,203 


W Withheld to avoid disclosing company proprietary data; included in “Total.” 


!Includes some flotation concentrates in 1983. 
?Not included in primary barite total. 


3Data do not add to total shown because of independent rounding. 


CONSUMPTION AND USES 


Consumption of crushed and ground bar- 
ite continued its second consecutive year of 
decline from the alltime high of 1981, 
decreasing 42% since 1981 to 2.7 million 
tons. The decline reflected a significant 
decrease in barite required for well drilling, 
which accounted for over 96% of total sales. 
The oil- and gas-well-drilling industry com- 
pleted over 76,000 wells and drilled over 325 
million feet of hole.? The figures indicated a 
decline in the number of wells and feet 
drilled of 11% and 8%, respectively. 

Total well footage drilled exceeded 10 
million feet in five States: Texas, 1142 
million feet; Oklahoma, 48.7 million feet; 
Louisiana, 28.5 million feet; Ohio, 21.8 mil- 
lion feet; and Arkansas, 21.0 million feet. 
Generally, the deeper a hole is drilled, the 
more barite is used per foot of drilling. 
Among the five leading States, Louisiana 
had the highest average well depth, over 


6,300 feet, and Kansas, the lowest, had an 
average well depth of about 3,000 feet. The 
U.S. average remained at about 4,400 feet. 
A significant reason that barite consump- 
tion decreased is that the average consump- 
tion of barite per foot of drilling decreased 
to 16.3 pounds per foot compared with 20.4 
pounds per foot in 1982. Another barometer 
of drilling activity, the Hughes Tool rig 
count, showed that the average number of 
operating drilling rigs declined for the sec- 
ond successive year from 3,105 to 2,232.5 
The estimated rig count during the year 
ranged from a low of 1,800 to a high of 2,700. 
The alltime high count of 3,969 occurred in 
1981. 

The total value of barium chemicals sold 
or used in 1983 decreased 10% to $16.9 
million. This was the fifth successive year of 
decline, and total value had declined 3592 
since the 1979 record year. 
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Table 3.—Crushed and ground barite! sold or used by processors 
in the United States, by State 


1982 1983 
State Number of Keier Value Number of (t EE Value 

plants short tons) (thousands) plants short toris) (thousands) 
Louisiana __________ — 13 1,585 $123,056 11 1,056 $77,680 
Missouri ___________~— 4 98 6,964 3 11 1,135 
Nevada ----------—- 7 588 29,686 11 635 26,019 
Oklahoma... ..----- 6 321 34,803 | 6 82 1,249 
Texas o e cem em 13 1,080 91,824 13 150 58,643 
Utah omes 5 164 12,502 4 55 3,842 
Other? |... 12 252 23,866 12 157 19,811 


Total” 2 ia 60 4,088 322,700 | 60 2,145 194,380 


!Includes imports. 


"Includes Arkansas, California, Georgia, Illinois, Kansas, Montana, and New York (1983). 
3Data may not add to totals shown because of independent rounding. 


Table 4.—Crushed and ground barite' sold or used by processors 
in the United States, by use 


(Thousand short tons and thousand dollars) 


1982 1983 
Use? CECI II GC icc qa M CL" CMS P TONG Uf 
Quantity Value Quantity Value 
Barium chemicals_ _______~_~_____~_~_____~___------ 31 3,152 40 3,703 
Filler or extender? _______________________----- 58 8,825 57 12,030 
Well Grilling EE 3,999 310,721 2,648 178,647 
Total uu e eor ee) ee Ee ER 4,088 4322,700 2,745 194,380 
1Includes imports. 


2Uses reported by processors of ground and crushed barite, except for barium chemicals. 
3Includes glass, paint, rubber, other filler, and other uses. 
*Data do not add to total shown because of independent rounding. . 


Table 5.—Barium chemicals produced and sold or used by processors 


in the United States! 
1982 1983 | 
e Sold or used by Pro- Sold or used by 
Plants (short Quantity Value Plants (short Quantity Value 
tons) (short (thou- tons) (short (thou- 
tons) sands) tons) sands) 
Barium carbonate___-__._-_ 3 18,710 16,330 $7,560 3 18,190 15,800 37,470 . 
Barium chloride... 2 W W W 2 W W W 
Black ash -___-_-_-__.---_ 1 W W W 1 W W W 
Blanc fixe_--_-___-_.-_--_ 1 W W W 1 W W W 
Other ______________ 3 9,370 8,970 11,160 2 5,050 5,880 9,390 
'Tr'otal cz 4 28,140 25,300 18,720 4 23,240 21,680 16,860 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1Only data reported by barium chemical plants that consume barite are included. Partially estimated. 
2A plant producing more than one product is counted only once. 
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Table 6.—U.S. hydrocarbon well drilling and barite consumption 


Barite used for 


Wells drilled (thousands)! 


Successful Average depth Average barite 
Year ME wells per well r well 
short tons) Oil Gas holes Total (percent) (feet) (short tons) 

1963 __ 907 20.14 4.57 16.76 41.47 59.6 4,405 21.87 
1964 __ 931 19.91 4.69 17.69 42.29 58.2 4,431 22.01 
1965 __ 987 18.07 4.48 16.23 38.78 58.1 4,510 25.45 
1966 __ 1,022 16.78 4.38 15.23 36.39 58.1 4,478 28.08 
1967 ,-_ 965 15.33 3.66 13.23 32.22 58.9 4,385 29.95 
1968 .. 1,006 14.33 3.46 12.81 30.60 58.1 4,738 32.88 
1969 __ 1,235 14.37 4.08 13.74 32.19 57.3 4,881 38.37 
1970 __ 1,119 13.02 3.84 11.26 28.12 60.0 ' 4,952 39.79 
1971 __ 1,044 11.86 3.83 10.16 25.85 60.7 4,806 40.39 
1972 __ 1,183 11.31 4.93 11.06 27.30 59.5 4,932 43.33 
1973 __ 1,326 9.90 6.39 10.31 26.60 61.2 5,129 49.85 
1974 __ 1,440 12.78 7.24 11.67 31.69 63.2 4,150 45.44 
1975 __ 1,638 16.41 7.58 13.25 37.24 64.4 4,685 43.98 
1976 __ 1,986 17.06 9.09 13.62 39.77 65.7 4,571 49.94 
1977 __ 2,372 18.91 11.38 14.69 44.98 67.3 4,687 52.73 
1978 __ 2,632 17.76 12.93 16.25 46.94 65.4 4,829 56.07 
1979 __ 2,967 19.38 14.68 15.75 49.81 68.4 4,791 59.57 
1980 __ 3,385 26.99 15.74 18.09 60.82 70.3 4,675 55.66 
1981 __ 4,526 37.67 17.89 22.97 78.53 70.8 4,602 57.63 
1982 __ 4,048 40.30 18.95 26.55 85.80 69.1 4,616 47.18 
1983 __ 2,648 37.21 15.63 23.49 76.33 69.2 4,268 34.69 


! Includes exploratory and development wells; excludes service wells, stratigraphic tests, and core tests. 


Source: American Petroleum Institute. 


PRICES 


Price quotations in trade publications for 
some grades of barite decreased slightly. 
These prices may serve as a general guide 
but do not reflect actual transactions. 

The reported average value per ton of 
domestic primary barite, based on actual 
sales, increased 1% to $38.73, f.o.b. plant. 
The average reported value per ton of 


ground barite from Texas and Louisiana 
was $75.88; the average value of that from 
California, Nevada, and Utah was $58.08 
per ton. The average customs value of 
ground barite exported to Canada was 
about $233 per ton; the customs value of 
material exported to Mexico and Latin 
America was about $140 per ton. 


Table 7.—Barite price quotations 


Price per short ton! 
Item 
1982 1983 
Barite:? 

Chemical, filler, glass grades, f.o.b. shipping point, carlots: 

Handpicked, 95% BaSO4, not over 1% Fe _____________________ $90.00 $90.00 

Magnetic or flotation, 96% to 98% BaSO4, not over 0.5% Fe __________ 105.00 106.00 

Water-ground, 95% BaSO,, 325 mesh, 50-pound bags ______________ $80.00-155.00 $80.00-165.00 
Drilling-mud-grade: 

es Sees 83% to 93% BaSO4, 3% to 12% Fe, specific gravity 4.20 to 4.30, 

ob shipping point, carlots ____________________________ 87.00-120.00 80.00-115.00 
Crude, imported, specific gravity 4.20 to 4.30, f.o.b. shipping point___-____ 65.00- 75.00 65.00- 75.00 
Barium chemicals:? 

Barium carbonate: 

Precipitated, bulk, carlots, freight equalized (per pound) ____________ .24 .24 

Electronics-grade, bags ________________________ 222 lc 335.00 510.00 
Barium chloride: 

Technical crystals, bags, carlots, work. - 450.00 450.00 

Anhydrous, , carlots, samebasis________________________ 565.00 565.00 
Barium hydrate: Mono, 55-pound bags, carlots, delivered (100 pounds)_______ 55.00 55.00 
Barium sulfate: 

Blanc fixe, technical-grade, bags, carlots _______________o ii 430.00 430.00 

USP, X-ray diagnosis-grade, powder, 25-kilogram bags, 10,000-kilogram lots b e 

(per pound) cs 222 taU uU emi E . : 


pound) 
Barium sulfide (black ash), drums, carlots, works.. _ _ 


1Unless otherwise specified. 


115.00-150.00 460.00 


2Engineering and Mining Journal. V. 183, No. 12, Dec. 1982, p. 19, and v. 184, No. 12, Dec. 1983, p. 21. 
“Chemical Marketing Reporter. V. 222, No. 26, Dec. 27, 1982, p. 25, and v. 224, No. 26, Dec. 26, 1983, p. 29. 
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FOREIGN TRADE 


Exports of natural barium sulfate declin- 
ed 53% to 23,000 tons. This represented the 
smallest amount of ground barite exported 
since 1969 when 20,000 tons was shipped. 
Export and import data provided by the 
Bureau of the Census indicated the grades 
of barite traded; however, based on the 
value of individual shipments, an estimated 
90% of barite exports was ground-drilling- 
mud grade, and an estimated 10% was 
chemical, filler, or glass grade. No crude 
barite was exported during 1983. Mexico 
continued as the leading importer of U.S. 
- ground barite, accounting for nearly 80% of 
total exports. Exports to Canada, tradition- 
ally the second largest importer of ground 
barite, declined about 20% to about 2,600 
tons. 

Imports of crude barite decreased 40% 
from 2.32 million tons, the record high, to 
1.40 million tons, the least amount of crude 
barite imported since 1978. The average 
unit value of this material dropped about 
5% to $48.02 per ton, indicating that prices 
of foreign ores were continuing to decline in 
response to oversupply and lower ocean 
shipping rates. Domestic producers and con- 
sumers, faced with high rail rates from 
domestic mines to gulf-coast-area grinding 
plants, continued to take advantage of the 
more attractively priced foreign ores to 
meet their demands. Average value per ton 
for material shipped from the principal 
source countries were China, $50.10; Moroc- 
co, $49.56; Peru, $44.26; and Mexico, $33.72. 
The costlier, higher quality barite, general- 
ly material with a specific gravity greater 
than 4.3, had usually been blended with 


lower grade ore, foreign or domestic, during 
grinding to meet the American Petroleum 
Institute specification for 4.2 drilling-mud- 
grade barite. Imports from all countries, 
except China, declined significantly. 

Imports of ground barite declined 94% to 
about 1,300; of this, Canada, the Nether- 
lands, the Federal Republic of Germany, 
and Mexico supplied approximately 90%. 
Ground barite imports generally had been 
limited to premium-quality pharmaceutical 
grade, unavailable domestically and aver- 
aging $300 to $500 per ton. The average 
value of the Mexican imports, about $46 per 
ton, suggests that this barite was probably 
drilling-grade material. The value of the 
imports from Thailand, about $163 per ton, 
suggests that these ground materials were 
probably destined for domestic filler and 
extender markets that in the past had been 
supplied domestically. 

For the most part, crude barite entered 
through customs districts located along the 
gulf coast for delivery to grinding plants in 
that area, which was near most drilling- 
mud markets. The import distribution by 
customs district in 1983 (1982) was New 
Orleans, LA, 51% (56%); Houston, TX, 28% 
(34%); Laredo, TX (port of Brownsville, TX), 
12% (9%); Port Arthur, TX (port of Lake 
Charles, LA), 9% (1%); and El Paso, TX, 
none (1%). l 

Imports of barium chemicals increased 
17% to about 28,000 tons valued at about 
$16 million. The Federal Republic of Ger- 
many, China, Japan, and Italy were the 
major suppliers. 


Table 8.—U.S. exports of natural barium sulfate, by country 


Country 


Arpentüna:- ee a Se eee 
Australia EE 


Philippines == a ia ee Lu 
TEE 
A EE EE ! 


1982 1983 
Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) 
SE 45 $19 238 $134 
EE Ss 3 13 
Ee ete oa, a 519 163 1,677 107 
EENG 3,166 603 ,582 601 
SECH 4 11 50 
EE 3 2 26 19 
BP eines om Ra sot 7,676 935 E — 
EE 335 44 4 1 
EE 42 74 ae 
EE 36,293 4,544 17,676 2,485 
EEN 6 6 56 21 
EE 75 48 45 21 
PROS gs, oo fa Seite fut 368 60 509 111 
ja eec fea td 48,533 6,510 22,816 3,514 


1Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 
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Table 9.—U.S. imports for consumption of barite, by country 


1982 1983 

Country . Quantity Value! Quantity Value! 

(short (thou- (short (thou- 

tons) sands) tons) sands) 

Crude barite | 
Chile s ce ee m e 331,876 $16,812 81,601 $4,163 
AAA s uta thu EE 180,497 44,534 111,955 88,974 
ladia 5 uo cua d a Aa ied E, eui ES 169,126 6,705 24,251 1,221 
Ireland :———- omnem mu medie E eas, Side 81,157 2,456 E Se 
AI A A EEN 36,921 1,763 one ane 
Mexico oc eh EE 148,619 5,000 131,467 4,433 
A EEN 350,801 19,054 175,999 8,728 
1203 EEN 241,634 12,058 129,989 5,751 
TRAANO KEE 152,005 6,575 48,005 2,218 
Other? S dn ou ss lid i ep Mp 82,605 1,929 26,145 1,556 
Total- ucc A Am Ee 2,820,241 116,886 31,395,964 67,034 
Ground barite: 
Belgium-Luxembourg ------------------------ 12 5 56 21 
Canadi <= a tai a 534 243 579 163 
Franoe AAA AA oe ner BOE 40 12 
Germany, Federal Republic of ........._.-.-.----- 177 53 160 55 
AA A A 22,487 3,197 EAD pus 
A a ue eszs aec c Ls eb SU ae BS 158 7 
Netherlands ____....-_. ~~ -______---_- 360 108 295 105 
JA AA a a AAA A A 81 26 ES d 
uf), WEE E a See 48 7 
NOR) EE 23,051 3,032 1,826 370 
IC i.f. value. 


"Includes 82,605 tons valued at $1,929,198 in 1982 and 26,462 tons valued at $1,527,100 in 1988 from Taiwan, not 
believed to have originated in Taiwan. 
"Data do not add to total shown because of independent rounding. 


Source: Bureau of the Census. 


Table 10.—U.S. imports for consumption of barium chemicals 


Blanc fixe 


Ge Barium Barium 
Lithopone (precipitated . : 
: barium sulfate) chloride hydroxide 

ear EE EE EE EE 

Quantity Value Quantity Value Quantity Value Quantity Value 

(short (thou- (short (thou- (short (thou- (short (thou- 

tons) sands) tons) sands) tons) sands) tons) sands) 

AA Ee teet 1,535 $662 9,352 $4,152 6,839 $1,398 3,912 $2,009 
TORO REENEN 1,310 599 7,752 4,460 4,216 980 2,917 1,694 
TOS EE NA NA 8,402 5,369 3,601 1,170 3,663 2,451 
KLEES NA NA 8,135 5,580 2,930 878 3,570 2,758 
OBS EE NA NA 9,087 5,911 3,402 1,016 4,799 3,751 

: : Barium carbonate, Other barium 
Barium nitrate precipitated compounds 

Quantity Value Quantity Value Quantity Value 

(short (thou- (short (thou- (short (thou- 

tons) sands) tons) sands) tons) sands) 

1910 WEE 517 $117 11,596 $2,770 1,540 $783 
LISO: cL cv 1,143 243 6,876 2,050 883 597 
JORE leds LE. 210 87 5,709 2,323 664 538 
¡AAA 682 263 7,787 3,055 753 629 
KLEES 777 275 8,821 3,884 946 1,256 

NA Not available. | 


Source: Bureau of the Census. 
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Table 11.—U.S. imports for consumption of crude, unground, and crushed or ground 
witherite! 


Year 


Crude, unground Crushed or ground 


Quantity Value Quantity Value 
(short tons) (thousands) (shorttons) (thousands) 

Lut EE 5 $1 436 $105 
EE ae EI E E EAEN 22,145 113 62 23 
INI a WIE aS eL A Ee 7 2 92 85 
EES 292 82 41 44 
1989 AA OA o e M. EEN 4 49 12 

1 Barium carbonate. 

Source: Bureau of the Census. 

WORLD REVIEW 


Estimated world production of barite 
decreased 23% to 6.3 million tons. The 
United States produced 12% of the world 
total and imported 22% of the world output. 

Australia.—The first phase of redevelop- 
ment at Steetley Industries’ Oraparinna 
barite mine, acquired from Australian 
Barytes Pty. Ltd. in 1981, involving con- 
struction of a drift to gain access to the 
richer barite-bearing levels, was completed.‘ 
Production in 1983 was about 5,000 tons. A 
second planned phase was to optimize a 
newly developed method to process the 
deeper ores. 

Brazil.—Magcobar Minerals Div., Dress- 
er Industries, entered into a joint venture 
with Cal Confiansa to mine and grind barite 
in Bahia and Salvador, respectively.’ 

Canada.—A new mill in St. Johns, New- 
-foundland, was put on-stream by Magcobar 
Dresser Canada Ltd. in a joint venture with 
Standard Manufacturing Co.* A new $1.5 
million Raymond mill was to process about 
20,000 tons per year of ore from East Coast 
Barite's reopened Collier Point Mine in the 
Trinity Bay area. The mill's entire produc- 
tion was targeted for the offshore drilling 
market. In Nova Scotia, Nystone Chemicals 
constructed a jigging plant at its mine near 
Brookfield and Novex Mining and Explora- 
tion Co. Ltd. reopened the old Yava flota- 
tion mill to process barite from a deposit 
near Pine Brook Cape, Breton Isle.’ 

China.—KCA International PLC, well 
established in China after constructing a 
200,000-ton-per-year barite milling facility 
in Guangxi, announced an agreement in 
principal to acquire Berkeley Exploration 
and Production PLC’s bid position offshore 
in the southern Yellow Sea.* A large readily 
accessible deposit, containing in excess of 20 
million tons of barite ore, was found in 
the western mountainous areas of Fujian.? 


Development of another deposit, in Lifang, 
Dahu, Yong'an County, was to have an 
initial production of 160,000 tons per an- 
num. Guangxi was the largest Chinese bar- 
ite producer with total annual exports am- 
ounting to about 700,000 tons. The barite 
deposit in Xiangzhou was reported to have a 
verified reserve of over 5 million tons. 
Another deposit, in Yonfu County, was 
being developed with U.S. assistance. Chi- 
na's resources of barite are mainly in Fuj- 
ian, Guangxi, Hubei, and Shandong. The 
barite output of over 1 million tons satisfied 
both domestic and export needs. 
Finland.—Outokumpu Oy reported that 
barite concentration began at its Pyhasalmi 
copper-zinc-pyrite mine on a trial basis "9 
The ore contained about 4% barite, which 
in the past had not been recovered. Plans 
called for concentrating about 5,000 tons of 
barite to determine if the new recovery 
circuits warrant commercial production. 
About 30,000 tons of barite was contained in 
the annual output of ore from the mine. 
Ireland.—The worldwide downturn in 
drilling activities was given as the reason 
for closing Milchem Minerals Ltd.'s barite 
mine at Dineen Bay, County Cork, but it 
was reported that another company was 
interested in taking it over." Milchem, 
however, continued to recover barite from 
tailings at Tynagh, County Galway. 
Italy.—A barite grinding plant with a 
production capacity of over 250 tons per day 
of drilling-mud-grade barite was put on- 
stream by Sveluppo Industriale Miniére 
Sarde, a member of the Carlo Laviosa group 
of companies, at Villaspeciosa near Cagli- 
ari, Sardinia.? The parent company had a 
similar operation in Livorno. The compa- 
ny's production, about 200,000 tons per 
year, was used largely for offshore oil explo- 


BARITE 


ration in Italy, with about 30% exported for 
use in the Mediterranean Basin. 

Mexico.—The new 2,000-ton-per-day open 
pit La Minita barite mine of the Pen Oles 
Group was reported encountering startup 
problems. 

 Morocco.—Important barite prospects 
were discovered at Bou Ouzzel and Androus 
by the Bureau de Recherches et de Partici- 
pations Miniéres.'* The Bleida Mine, oper- 
ating at reduced levels since 1981, was re- 
portedly near its unspecified rated capac- 
ity.15 Cie. Marocaine des Barytes (COMA- 
BAR) and Sté. de Developpment Industriel 
et Miniére de le Haute Moulouya (SODIM) 
(equal joint owners with the Moroccan Gov- 
ernment) both announced ambitious pro- 
duction plans for the near future. Plans 
called for barite output to reach approxi- 
mately one-half million tons before 1990. 
COMABAR opened another mine at Zelmon 
with a production capacity of 100,000 tons 
per year. 

Pakistan.—There are two major deposits 


of barite, one near Khuzdar and the other- 


in Las Bela.'* Open pit mines near Khuzdar 
were operated by a joint venture between 
the Baluchistan Development Authority 
and Pakistan Petroleum Ltd. The joint ven- 
ture completed construction of a new 
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crushing-grinding complex with a capacity 
of 25,000 tons per year adjacent to the 
minesites. Plans were to build a second 
complex to process additional barite for use 
in the Persian Gulf area. 

Poland.—The Government announced 
that plant modernization and other efficien- 
cies helped to raise barite output at its only 
barite mine by over 25% to about 100,000 
tons per year." The operation was capable 
of supplying the nation’s demand for 
ground barite. 

Turkey.—Barite deposits are present in 
the Paleozoic formations in the east-west 
trending southern Taurus and northern 
Pontic ranges.'* The main southern deposits 
are around  Konya-Beysehir, Antalya- 
Gazipasa, and in the vicinity of Giresun in 
the north. Large deposits in the east are in 
Mus Province. The privately owned Mayas 
Madencilik Co. mined barite in Beysehir 
and milled the ore at Eskisehir. Polbar 
Baryte Industries AS and Egemetal Ma- 
dencilik, both barite producers, were plan- 
ning joint ventures with foreign firms to 
expand their current production. 

Zaire.—The results of a satellite survey 
published by Erts-Zaire indicated the possi- 
bility of barite deposits in western Bas-Zaire 
Province, near the Atlantic Ocean.!'? 


Table 12.—Barite: World production, by country! 


(Thousand short tons) 
Country? 1979 1980 1981 1982P 19839 

Afghanistan®_______________________ "3 1 

DEE 113 108 98 112 120 
Re TEE 61 55 54 ` 4 44 
Australia EE 104 43 45 *44 44 
Atia cue uec Lu use E (4) ($) A - LL 
Belgium? _________________________ 33 44 44 44 
EE 2 10 2 1 1 
Hrazi o a EE 119 115 128 €132 130 
Burma eas) rs ya he aa Edad 44 44 “11 22 22 
Canada” eat eee 83 105 88 33 31 
A A II A 250 249 286 322 331 
AAA LE LAU 550 750 880 990 1,102 
Colombid EE Ee 4 4 4 e4 4 
Czechoslovakia- -------------------_—- 75 67 e67 e67 67 

a oo 2 eg 

RErühcesc nu oet a ts cie e 187 261 210 172 165 
German Democratic Republic” ____________ 39 39 39 39 39 
Germany, Federal Republic of. __ _________~_ 178 193 182 399 276 
Greece! ica a CALL S LL et T. 53 53 52 52 51 
Guatemala ias a e tru ee 4 5 6 2 
India ur eie aeree. Na 541 478 390 359 331 
Fan onae es elt A ae ee ees LE 198 165 83 88 94 
TT BEEN 362 287 €287 €287 240 
Italy a loa 237 224 195 198 165 
Japan” somos ua eh ee 61 62 62 66 17 
Ken ars a lE e a LS ($) 7 e7 (8) a 
Korea, North® ______________________ 120 120 110 Tp He 
Korea, Republic of- ----------------——- 1 (4) Lr KS EN 
Malaysia: oc cc eeu Ee eh ets 2 BS 21 r €28 22 
e AS 167 297 350 401 386 
Moroco sica E tt ot eo 316 353 513 593 303 


See footnotes at end of table. 
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Table 12.—Barite: World production, by country! —Continued 


(Thousand short tons) 
Country? 1979 1980 1981 1982P 1983* 
Pakistan cu tai a a a aii 38 15 26 29 31 
A A er ean 490 457 451 413 180 
Philippines - - - -- ------------------- 7 6 2 *10 2 
olànd uu eR Ee 106 106 94 *88 110 
¡2 NEE 1 1 e] 1 
ROMANIA: 22 a Sees 90 88 e87 *86 86 
South Africa, Republic of... 8 3 4 97 
JA eee 82 66 58 55 55 
MONG) ¿das sl eee 417 336 338 365 2207 
A A ares 16 80 27 34 922 
Tt TEE 110 7141 208 118 88 
KIERCH a ee 550 560 560 570 570 
United Kingdom 2.2... L2. -- 50 60 89 94 
UnitedState!? ______oooiocoocoo... 2,112 2,245 2,849 1,845 9754 
YugoslaVll uec Rer PE re 58 4 *50 44 
AIDED WE oe «unam A eus Gi stes (4) (4) BS a a 
TOA) uade emos mu nem wees 7,999 78,302 9,036 8,257 6,848 
*Estimated. Preliminary. ‘Revised. 


1Table includes data available through May 80, 1984. 


“In addition to the countries listed, Bulgaria also produces barite, but available information was inadequate to make 


reliable estimates of output levels. 
3Year beginning Mar. 21 of that stated. 
*Less than 1/2 unit. 


5Series represents exports only; Bolivia also produces barite for domestic consumption, but available data are not 
adequate for formulation of estimates or levels of production to meet internal needs. 


*Data are for fiscal years beginning Apr. 1 of that stated. 
"Barite concentrates. 
s Revised to zero. 


ported figure. 
10Sold or used by producers. 


TECHNOLOGY 


A technically oriented review of the past, 
present, and future of barite and other 
weighting materials used in oil- and gas- 
well drilling was published. The article 
stressed the technology, output, production 
flowsheets, and specifications for drilling- 
mud-grade barite and other similarly used 
agents such as hematite and ilmenite. The 
article also stressed the fact that oil-well- 
drilling activities consume over 90% of the 
world's barite supply in drilling-mud formu- 
lations. Another review article described 
the industrial minerals used in the drilling 
industry.? The paper, featuring barite, 
highlighted both how industrial minerals 
were consumed by the industry and how the 
physical and chemical properties of these 
minerals were exploited to obtain the desir- 
ed drilling fluid characteristics. 

An in-depth review was published on 
the open pit barite mining at Ballynoe, 
Ireland.? The review covered the explora- 
tion, production history, geology, and open 
pit mining of these deposits. The article also 
discussed the operations of two U.S. compa- 
nies presently mining in the Ballynoe area. 
Another comprehensive paper featuring 
barite was published in a treatise on the 


industrial minerals of India. The paper 
detailed the barite geology, mineralogy, 
mining, and production methods in India 
along with estimates of reserves for the 
companies currently in production.?* A pro- 
file of the activities of a leading Turkish 
barite producer was highlighted in another 
work. The work included discussions on the 
mining and milling of drilling-grade barite 
for use in the Middle East and Eastern 
Europe. 

An overview of barite explorations in the 


United States was published. The paper 


lists the three types of deposits in which 
barite is found—bedded, residual, and 
vein—and the sophisticated techniques and 
tools employed to locate them. The bedded 
deposits are of most interest because of 
their relatively large size. The paper also 
highlights the history of barite explorations 
in the United States and the geology of the 
known deposits along with their genesis. A 
discussion on modern prospecting tools, in- 
cluding geochemical, gravity, seismic, in- 
duced polarization, and electromagnetics as 
applied to barite prospecting, was also in- 
cluded. 


BARITE 


1Physical scientist, Division of Industrial Minerals. 

2American Petroleum Institute. Quarterly Review of 
Drilling Statistics for the United States. 4th Quarter, 1983, 
and Annual Summary, 1983. V. 17, No. 4, Feb. 1984, 39 pp. 

3Hughes Tool Co. 1983 Annual Report. P. 14. 

“Industrial Minerals (London). Company News and Min- 
eral Notes. No. 186, Mar. 1983, p. 63. 

5Castelli, A. V. Barite. Eng. and Min. J., v. 185, No. 3, 
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p. 84. 
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Bauxite and Alumina 


By Luke H. Baumgardner’ and Ruth A. Hough? 


The world aluminum industry began to 
recover in the second quarter of 1983 as 
demand for the metal increased and alumi- 
num prices rose sharply. However, domestic 
bauxite and alumina production declined in 
1983 with respect to 1982 levels. World 
bauxite production was also lower, although 
world alumina output registered a small 
increase over that of 1982. 

The discovery of an 82-million-metric-ton? 
bauxite deposit averaging 42.5% alumina 
was reported in the Kalihandi area of 
Orissa State, India. In Brazil, Cia. Brasileira 
de Alumínio reported the discovery of a 60- 
million-ton bauxite deposit at Cataguases, 
Minas Gerais. 


Kaiser Aluminum & Chemical Corp. 
closed its alumina plant at Baton Rouge, 
LA, in March, and Reynolds Metals Co. 
permanently shut down its Hurricane 
Creek alumina plant in August. 

Domestic Data Coverage.—Domestic pro- 
duction data for bauxite and alumina are 
developed by the Bureau of Mines from 
three separate voluntary surveys of U.S. 
operations. Typical of these surveys are the 
quarterly and annual Production of Bauxite 
Surveys. Of the 17 operations to which a 
survey form was sent, all responded, repre- 
senting 100% of domestic 1983 bauxite pro- 
duction as shown in tables 1, 2, and 18. 


Table 1.—Salient bauxite statistics 
(Thousand metric tons and thousand dollars) 


1979 1980 1981 1982 1983 

United States: 

Production: Crude ore (dry equivalent) `... —— 1,821 1,559 1,510 132 679 

Valle cole a eet se Lead $24,875 $22,353 $26,489 $12,334 $11,309 

Exports (as shipped) _ - ------------—- 1 21 20 49 74 

Imports for consumption’ _____________ 13,780 14,087 12,802 10,122 7,601 

Consumption (dry equivalent) _________- 15,697 15,962 13,525 9,217 8,966 
World: Production- - ------------------ 85,522 "89,215 85,523 P77,793 €76,016 


- “Kstimated. Preliminary. "Revised. 


1Excludes calcined bauxite. Includes bauxite imported to the U.S. Virgin Islands. 


Legislation and Government Pro- 
grams.—National Defense Stockpile goals 
for metal-grade bauxite remained at 21.3 
million tons of Jamaica-type ore and 6.2 
million tons of Suriname-type ore. The goal 
for calcined refractory-grade bauxite was 
1.4 million tons, while the goal for calcined 
abrasive-grade bauxite was increased from 
762,000 tons to 1 million tons. 

General Services Administration (GSA) 
agreed to acquire 2 million tons of metal- 
grade bauxite from Jamaica during the 
fiscal years 1983 and 1984. Payment for the 


first half of the Government stockpile acqui- 
sition was to be by cash and the balance 
through the exchange of U.S. surplus agri- 
cultural products. Delivery of the ore to 
stockpile sites in Texas and Louisiana be- 
gan in July 1988 and was expected to be 
completed in 1984. The GSA inventory for 
December 31, 1983, reported 203,000 tons of 
calcined refractory-grade bauxite, 10.6 mil- 
lion tons of Jamaica-type metal-grade baux- 
ite, and 5.4 million tons of Suriname-type 
metal-grade bauxite. 
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DOMESTIC PRODUCTION 


For the first time since bauxite mining 
began in the United States in 1889, virtual- 
ly no domestic bauxite was mined for use in 
the production of aluminum metal. The ore 
was used to produce special grades of alumi- 
nas or for chemical, refractory, or other 
nonalumina uses. Of the three companies in 
Arkansas involved in processing bauxite, 
only two, the Aluminum Co. of America 
(Alcoa) and American Cyanamid Co., mined 
local bauxite. Porocel Corp. produced acti- 
vated bauxite from purchased ore. Bauxite 
mined in Alabama and Georgia by A. P. 
Green Refractories Co., Harbison-Walker 
Refractories Co., and Mullite Co. of America 
was shipped to the chemical and refractory 
industries. A small quantity of the bauxite 
produced in Alabama and Arkansas was 
calcined for use in the production of oil and 
gas well proppants. 

By yearend, only six of the nine U.S. 
Bayer alumina plants, including the St. 
Croix, U.S. Virgin Islands, refinery, were 


operating to produce alumina for the alumi- 
num industry. Alcoa’s Mobile, AL, plant 
closed in 1982, Kaiser closed its Baton 
Rouge, LA, Bayer plant in March 1983, and 
Reynolds shut down its Bayer operations at 
Hurricane Creek, AR, in August 1983. Both 
the Kaiser and the Reynolds plants were 
continuing to produce special grades of 
alumina products. Lower domestic produc- 
tion was offset by an increase in alumina 
imports, which exceeded domestic output 
for the first time since the United States 
began importing substantial quantities of 
alumina in 1967. 

Domestic refineries shipped an estimated 
3.92 million tons of calcined alumina to U.S. 
primary aluminum plants in 1983. Ship- 
ments of calcined alumina to the abrasive, 
ceramic, chemical, and refractory indus- 
tries and alumina exports accounted for the 
balance of the total 3.54 million tons of 
calcined alumina produced. 


Table 2.—Mine production of bauxite and shipments from mines and processing 
plants to consumers in the United States 


(Thousand metric tons and thousand dollars) 


Mine production 


Shipments from mines and 
— plants to consumers! 


State S D 
ry 2 ry 
Crude equivalent Value shipped equivalent Value? 

1981: 
Alabama and Georgia ________~— 342 268 4,303 389 442 17,670 
Arkansas LL LLL LLL 1,505 1,242 22,185 1,429 1,221 26,358 
Total. eran a eere 1,847 1,510 26,489 1,819 1,663 44,028 

1982: 
Alabama and Georgia . W W W 197 203 10,180 
Arkansas 22 2222222 - W W W 1,214 71,044 25,142 
Total mei eeu 896 132 12,334 1,411 71,247 35,322 

1983: 
Alabama and Georgia ________~- W W W W W W 
Arkansas _— - - -----------—-—- W W W W W W 
a EE 826 679 11,309 977 913 26,370 


"Revised. W Withheld to avoid disclosing company proprietary data. 


1May exclude some bauxite mixed in clay products. 


2Computed from values assigned by producers and from estimates of the Bureau of Mines. 
3Data may not add to totals shown because of independent rounding. 
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Table 3.—Recovery of dried, calcined, 


and activated bauxite in the Table GE EH bauxite 
United States shipments, by silica content 
Eden SiOz (percent) 1979 1980 1981 1982 1983 
Total processed Less than 8 _ __ 1 " o o o 
y Crude bauxite recovered! From 8to15 __ 55 62 65 63 W 
ear : ore o 
treated As Dry More than 15. _ 44 38 35 37 W 


recovered uivalent 
A W Withheld to avoid disclosing company proprietary 


1982 ________ 234 120 T184 data 
1983. m 293 140 225 
"Revised. 
1Dried, calcined, and activated bauxite. May exclude 
some bauxite mixed in clay products. 


Table 5.—Production and shipments of alumina in the United States 


(Thousand metric tons) 


; Total! 
y Calcined Other | ——————————————— 
eer alumina alumina? As produced  Calcined 
or shipped? equivalent 
Production: 
E E^ DEE EE 5,950 700 6,650 6,450 
LEE ARNO Me INEA ORAL 6,310 720 7,030 6,810 
KC REENEN 5,490 700 6,190 5,960 
EE Eed 3,810 465 4,280 4,130 
1983_ _ ee 3,540 680 4,220 4,000 
Shipments: l : 
NOG een ee ox tat REESE ce, Sie eben ee ts 5,970 710 6,680 6,480 
¡ARA AA AAA cul eet, 6,160 720 6,880 6,660 
Lo AA en aS CO ee M 5,610 715 6,320 6,085 
19084. e in qa mau te Erie eium Rosie Act EDS at 3,130 420 4,150 4,020 
A SAA EROS 3,480 670 4,150 3,945 
“Estimated. 


1Data may not add to totals shown because of independent rounding. 
2Trihydrate, activated, tabular, and other aluminas. Excludes calcium and sodium aluminates. 
3Includes only the end product if one type of alumina was produced and used to make another type of alumina. 


Table 6.—Capacities of domestic alumina plants,’ December 31 


(Thousand metric tons per year) 


Company and plant 1982 1983 
Aluminum Co. of America: 
H Au EE 340 340 
Mobile; eene ea ys c a et a fs ee ee eae 800 800 
PolBt COMO TA omnee Dres dt e eae SAE, Say Neat lat fd, Sey ONS es ey ei 1,400 1,400 
e EE 2,540 2,540 
Martin Marietta Aluminum Inc.: St. Croix, VI _-______________________~_____ Le 635 
Kaiser Aluminum & Chemical Corp.: 
Baton Rougé LA st nn a a A a EE 955 955 
Cramer. LA EE 770 770 
AO is NER a is co 1,725 1,725 
Ormet Corp.: Burnside BA dio egen dE er a ee cats ¡a 545 545 
Reynolds Metals Co.: 
Hurricane e E a ate Sie o ld ac 650 the 
Corpus Christi TA EENEG 1,400 1,700 
A IA A EE 2,050 1,700 
Grand totali uo nadaa ls he et an a il ds de e So od a a Ed Es as 7,495 7,145 


1Capacity may vary depending upon the bauxite used. 


CONSUMPTION AND USES 


During the year, 91% of the total 9.1 industry was refined to various forms of 
million tons of bauxite consumed by U.S. alumina. The production of 1 ton of calcined 
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alumina required an average of 2.01 tons 
(dry basis) of bauxite. Only one of the nine 
domestic alumina plants processed domestic 
bauxite. Metal-grade bauxite from three 
previous sources, the Dominican Republic, 
Haiti, and Suriname, was not imported in 
1983. 

Consumption data include quantities of 
bauxite consumed by the Canadian abra- 
sives industry for subsequent use in U.S. 
plants for the manufacture of abrasive end 
products. Consumption of other special 
grades included bauxite used for cement, 
petroleum refining, and the steel industry. 

Alcoa joined Norton Co. in a joint venture 
at Fort Smith, AR, to produce sintered 
bauxite proppants for use in propping open 
rock strata in deep oil and gas wells. Alcoa's 
mines at Bauxite, AR, supplied the low-iron 
bauxite. The high-strength spherical beads 
are pumped into fractures in the producing 
formation and enhance well flow by increas- 
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ing permeability. A proppant plant owned 
by the General Abrasives Div. of Dresser 
Industries Inc. was nearing completion at 
Eufaula, AL, and was scheduled to start 
production in June 1984. The world market 
for proppants was estimated at 100,000 tons 
per year. 

Because of its good flame Steeg char- 
acteristics and relatively low cost, demand 
for hydrated alumina, the uncalcined Bayer 
plant product, increased in 1983 as a filler 
for rigid and flexible plastic products and as 
a carpet backing. New markets for special 
grades of alumina were being developed in 
the ceramics, abrasives, and refractories 
industries. _ 

Consumption of calcined ilumina by the 
29 operating domestic primary aluminum 
plants was approximately 5.86 million tons. 
The primary aluminum industry also con- 
sumed aluminum fluoride and synthetic 
cryolite made from alumina. 


Table 7.—Bauxite consumed in the United States, by industry 
(Thousand metric tons, dry equivalent) 


Industry Domestic Foreign Total! 
1982: 
Alumina ee casto Le I Lue les et ee Rr 559 7,984 8,543 
KEE SE 149 149 
Chemical. nenn a An as Se ra, dI a ea eL es 347 3192 169 
RefrACLOEV EEN 100 186 286 
Other Lom c cuu cce Bt cee Ae Be at Lu de Ege W W 71 
A O a a 706 8,511 9,217 
1983: 
Alminas e dee 555 7,720 8,275 
Abrasive” i e Ao A RA an Se E EEN 135 135 
Chemical: as o le ds O a 348 3281 281 
Réftactory uo cen ue inae Ll ie e ILE 122 240 362 
¡AAN A E AAN II A A W 48 
Toal v. do D ned te uta tu ets Eto m Lie es 124 8,375 9,100 
W Withheld to avoid disclosing company proprietary data; included with “Chemical.” 
1Data may not add to totals shown because of independent rounding. 
2Includes consumption by Canadian abrasive industry. 
3Includes “Other.” 
Table 8.—Crude and processed bauxite consumed in the United States 
(Thousand metric tons, dry equivalent) 
Domestic Foreign 
Type origin origin Total 
1982: 
Crude ‘and dried seis e ri eee o d S 564 8,180 8,744 
Calcined and activated -----------------------------—-—- 142 330 1473 
TOAD A eee ee ee dace UE CIE 706 18,511 9,217 
1983: ' 
Crude and ET WEE 570 7,867 8,437 
Calcined and activated -_----------------------------—— 154 375 529 
VIE 124 8,242 8,966 


1Data do not add to total shown because of independent rounding. 
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Table 9.—Production and shipments of selected aluminum salts in the United States, 
in 1982 


Item 


Aluminum sulfate: 


Commercial and municipal (17% Al203 --_-_-______ 
Iron-free (17% Al203) --------------------—- 


Aluminum chloride: 


Liquid and crystal (32° Rei 2.5 c- 
Anhydrous (100% AlCl3)- -------------------- 
Aluminum fluoride, technical -_______________.. 
Aluminum hydroxide, trihydrate (100% Al203:3H20)_ - _ _ _ 
Other inorganic aluminum compounds! _____________ 


Total shipments 
including interplant 
Number troduction transfers 
o (thousan 
producing metric oe d Value 
plants tons) sand (thou- 
metric sands) 
tons) 
ums 63 1,046 977 $136,223 
E 13 70 55 7,315 
Sa 3 W W W 
E 5 47 W W 
SM 5 76 80 64,418 
SEN 7 423 423 101,475 
lan XX XX XX 22,630 


W Withheld to avoid disclosing company proprietary data. XX Not applicable. 
1Includes sodium aluminate, light aluminum hydroxide, cryolite, and alums. 


Source: Data are based upon Bureau of the Census report Form MA-28A, Annual Report on Shipments and Production 


of Inorganic Chemicals. 


Table 10.—Stocks of bauxite in the United 
States,' December 31 


(Thousand metric tons, dry equivalent) 


Sector 1982 1983 
Producers and processors _ _ _ _ _ __ "614 548 
Consumers- -------------—- 16,548 4,991 
Government __—_—---------— 16,326 16,326 
Ke EE 123,488 21,865 
"Revised. 


Domestic and foreign bauxite; crude, dried, calcined, 
activated; all grades. 


Table 11.—Stocks of alumina in the United 
States,! December 31 


(Thousand metric tons, calcined equivalent) 


Sector 1982 1933 

Producers sti a de 244 265 

Primary aluminum plants -_______ 71,116 1,161 

Total eret ADAE "1,360 1,426 
*Estimated. "Revised. 


!Excludes consumers’ stocks other than those at pri- 
mary aluminum plants. 


PRICES 


Because of the vertically integrated 
nature of the aluminum industry, bauxite 
and alumina are rarely traded on open 
world markets. Both commodities are nor- 
mally traded under long-term contracts or 
through intracompany transfers. With the 
exception of spot sales and specialty forms 
and grades, prices are not listed in trade 
journals. 

The average 1983 value for domestic 
crude bauxite shipments, f.o.b mine or 
plant, was estimated by the Bureau of 
Mines to be $13.67 per ton. An average 
value of $88.76 per ton was estimated for 
domestic calcined bauxite shipments. 

Monthly prices for imported, calcined, 
refractory-grade bauxite from Guyana were 


published in the Engineering and Mining 
Journal. Quoted prices, per ton, in carload 
lots, delivered f.o.b. Baltimore, MD, Mobile, 
AL, or Burnside, LA, were as follows: 


` Jan. Feb.-Apr. May-June  July-Nov. Dec. 
1983 1983 1983 1983 1983 
$198.72 $198.14 $175.01 $174.59 $168.28 


The estimated average value for domestic 
shipments of calcined alumina in 1983 was 
$244.21 per ton. Based on trade data of the 
Bureau of Census, imported alumina had an 
average value of $201.25 per ton, f.a.s. at 
port of shipment and $213.42 per ton, c.i.f., 
at U.S. ports. 
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Table 12.—Average value of U.S. imports of crude and dried bauxite’ 


(Per metric ton) 


Country 


To U.S. mainland: 


BOG eB 2 oe uus By ia i pete a Re a ia 
Dominican Republic ----------------------- 
AA A A 


Jamaica _ EES 


1982 1983 
Port of Delivered to Port of Delivered to 
shipment U.S. ports shipment U.S. ports 

(f.a.s.) (c.i.f.) (f.a.s.) (c.i.f.) 
T $29.47 $40.46 $30.82 $43.48 
Wë 37.05 45.60 aus "T 
"C 21.50 38.05 26.49 35.89 
m 37.52 52.75 39.13 52.67 
"e 32.54 38.34 e -— 
- 35.43 39.9] 29.19 36.04 
ec 46.89 59.72 42.96 52.95 
Ex 32.62 40.42 28.71 37.36 


‘Computed from quantity and value data reported to U.S. Customs Service and compiled by the Bureau of the Census, 
U.S. Department of Commerce. Not adjusted for moisture content of bauxite or differences in methods used by importers 


to determine value of individual shipments. 


Table 13.—Market quotations on alumina and aluminum compounds 
(Per metric ton, in bags, carlots, freight equalized) 


Compound 


Alumina, calcined - - - -- -------------------—- 
Alumina, hydrated, heavy - - ------------------- 
Alumina, activated, granular, works. - ------------- 
Aluminum sulfate, commercial, ground (17% Al203 _ - 
Aluminum sulfate, iron-free, dry (17% Al303) --------- 


Source: Chemical Marketing Reporter. 


Jan. 3, 1983 Jan. 2, 1984 
ei eee Sy ch eel EE $228.18 $418.88 
SE ents a Ge Ser ay ae Me Ned 203.93 209.44 
Mlle EE 352.74 905.00 
ated tt coe sea E AR 259.04 259.04 
Be Sa Ope cg ns a et $270.06-382.50 439.82 


FOREIGN TRADE 


The United States exported 54,000 tons of 
calcined bauxite and 20,000 tons of dried 
bauxite, or a total of 104,000 tons expressed 
as dry equivalent. Mexico received 97% of 
the calcined bauxite and Canada 96% of the 
dried bauxite. Other exports included 
14,000 tons of aluminum sulfate, 11,000 tons 
of aluminum oxide abrasives, and 50,000 
tons of other aluminum compounds, such as 
aluminum fluoride and synthetic cryolite. 


Import duties on bauxite and alumina were 
suspended in 1971 by Public Law 92-151. 

Calcined abrasive-grade bauxite from 
Australia, China, Guinea, Guyana, and Sur- 
iname was processed in 1983 in Canada into 
fused crude aluminum oxide that was subse- 
quently shipped to U.S. plants for use in the 
manufacture of abrasive and refractory 
products. 
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Table 14.—U.S. exports of alumina,' by country 


(Thousand metric tons, calcined equivalent, and thousand dollars) 


1981 1982 1983 


Country SO 

Quantity Value Quantity Value Quantity Value 
KE 1 501 1 460 (2) 387 
Australia soi as d 1,234 (2) 342 (2) 306 
Beleum Luxembourg... r(2) 1,570 l 2,129 1 3,115 
Brazil... 2 1,363 ] 1,128 21 5,750 
Canada: ¿== ms T200 63,940 7102 37,106 19 13,874 
France Es r2 3,010 r2 2,583 2 1,836 
Germany, Federal Republic of _ _ _ _. 3 6,514 3 6,403 3 5,171 
been Lee E 16 13,862 160 29,222 19 3,173 
DC, TEE 3 10,454 3 7,769 2 4,482 
Mexico RE T124 35,657 "84 23,976 99 29,517 
Netherlands-______________ 1,392 1 1,87 1,170 
Norway- --------------——- 141 21,364 145 38,086 265 59,776 
Poland --------------—-——- (2) 26 (2) 102 (2) 117 
Spain ----------------——- 20 4,349 (2) 152 (2) 141 
Sweden- -—-------------—- 15 4,358 27 6,174 98 13,370 
USSR -=c Se ed aie 36 8,570 (2) 14 IA Soe 
United Kingdom `... r5 6,284 6 6,962 4 3,750 
Venezuela________________ 94 25,695 r29 7,308 52 12,218 
UNCP ita das E il T6 8,497 5 1,490 6 9,374 
Total e mee Eee 1730 218,640 "563 179,284 3591 167,527 


r 


1Includes exports of alumina from the U.S. Virgin Islands to foreign countries. Includes exports of aluminum hydroxide 
(calcined equivalent) as follows: 1981—12,500 tons; 1982— 7,600 tons; and 1983— 8,100 tons. 

2Less than 1/2 unit. 

3Data do not add to total shown because of independent rounding. 


Table 15.—U.S. imports for consumption of bauxite, crude and dried,' by country 
(Thousand metric tons) 


Country 1981 1982 1983 

Brus «icto III SA 1,265 512 555 
Dominican Republic? ____________________________ ee 449 163 "e 
Ee iri eI LU Ld Ue NONEM CPC 3,546 4,198 3,600 
COVE uc bou uec nus uoti LL el S 463 239 167 
A A EAN A A 529 500 ote 
BETTENER 5,352 4,080 3,036 
Sierra LOM Ca a ee 108 Se ae 
A om aes eh Lau cere eMe A iet Nan eS a t 1,079 409 239 
OET o o oe cu ta eL ERA i mc ee do ALS ee ado so 11 21 4 

O tl e o e dd 12,802 10,122 7,601 


1Includes bauxite imported to the U.S. Virgin Islands from foreign countries. 
2Dry equivalent of shipments to the United States. 


Note: Total U.S. imports of crude and dried bauxite (including the U.S. Virgin Islands) as reported by the Bureau of the 
Census were as follows: 1981—13,856,826 tons; 1982—11,049,685 tons; and 1983—7,903,202 tons. 


Table 16.—U.S. imports for consumption of calcined bauxite, by country 
(Thousand metric tons and thousand dollars) 


1982 1983 
Country Refractory grade Other grade Refractory grade Other grade 

Quantity Value’ Quantity Value’ Quantity "Value! Quantity Value! 
Australia _________-___ E ae 10 967 oe ae 8 1,116 
AN TEE 55 6,264 18 2,064 51 4,498 14 2,188 
Guyana ______________ 52 9,225 17 1,443 66 9,230 22 2,531 
Suriname _____________ 22 1,658 14 1,126 de? e 41 3,940 
Other ono col 2 306 (2) 22 SE Ges 1 78 


Total tie 131 17,453 59 5,622 117 13,728 92 39,852 


1Value at foreign port of shipment as reported to U.S. Customs Service. 
2Less than 1/2 unit. 
*Data do not add to total shown because of independent rounding. 
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Table 17.—U.S. imports for consumption of alumina,! by country 
(Thousand metric tons, calcined equivalent, and thousand dollars) 


1981 1982 1983 
Country - - 
Quantity Value? Quantity Value? Quantity Value? 

Australia - ---------—---—-— 2,955 574,688 72/101 ™598,685 3,049 544,322 
bg 2 eI (3) 142 11 3,511 3 1,565 
Canada. uba dt SE 34 . 10,222 1130 51,334 159 67,762 
Ee ld a oin 4 13,479 5 13,183 10,982 
Germany, Federal Republic of _ _ _ — 8 9,469 "11 14,341 13 15,797 
Guinea __________________ = EM E RE 13 1,851 
Guyane eoe dri. 613 ER e EN E 
Jamaica _________________ 523 124,180 196 49,651 399 87,973 
JADAN o i 1,639 1 1,243 25 7,927 
Suriname ________________ 448 102,486 117 27,387 318 59,225 
Venezuela _______~________ Sé - SCH X 35 4,394 
OCH AA EN r(3) 1,014 r5 711,109 11 9,222 

NEE 3,978 837,932 73,182 110,444 4,030 811,021 

"Revised. 


1Includes imports of aluminum hydroxide. For 1982 and 1983, imports of crude and refined and ground aluminum oxide 


are included. 


7 Value at foreign port of shipment as reported to U.S. Customs Service. 


3Less than 1/2 unit. 


*Data may not add to totals shown because of independent rounding. 


WORLD REVIEW 


World markets for metal-grade bauxite 
remained depressed through yearend. By 
midyear, some alumina plant capacity had 
been reactivated in response to increased 
smelter requirements, but the oversupply of 
alumina reportedly held alumina prices 
down to marginally economic levels. World 
alumina capacity increased by 1.8 million 
tons per year with the startup of new plants 
in Ireland and Venezuela and the expansion 
of some existing plants. The International 
Bauxite Association invited India to join the 
bauxite producers group, restoring to 11 the 
number of member countries, following the 
resignation of Haiti in December 1982. 

Australia.—In Queensland, the annual 
capacity of the Queensland Alumina Ltd. 
refinery at Gladstone, the world's largest 
alumina plant, was expanded by 370,000 
tons to 2.4 million tons and was to reach 2.7 
million tons by mid-1984. Comalco Pty. Ltd. 
entered the world proppant market in 1983 
with sintered abrasive-grade bauxite pro- 
duced from ore mined at Weipa, Queens- 
land. Both production and shipments of 
metal-grade bauxite at Weipa declined from 
1982 levels. This was largely due to slack 
demand, although a recurrence of the 1982 
maritime dispute over manning of a bauxite 
ore carrier forced Comalco to reduce baux- 
ite production in the second quarter. In 
Western Australia, Alcoa of Australia Ltd. 
raised alumina production in mid-1983 at 


its Kwinana and Pinjarra refineries from 
85% to 95% of capacity. Alcoa announced 
that its 500,000-ton-per-year Wagerup refin- 
ery, completed in mid-1982, was to start 
production in February 1984. Startup of a 
second new Western Australia alumina 
plant at Worsley was also delayed. The 
Worsley alumina project, owned by Rey- 
nolds Australia Alumina Ltd. (40%), Shell 
Co. of Australia Ltd. (30%), BHP Minerals 
Ltd. (20%), and Kobe Alumina Associates 
(Australia) Pty. Ltd. (10%), was expected to 
start alumina production by the second 
quarter of 1984, although the bauxite mine 
to supply the plant began operating in 1983. 
The designed annual capacity of the refin- 
ery was 1 million tons. Reynolds’ 400,000- 
ton share of alumina from the Worsley 
plant was expected to replace, in part, the 
650,000 tons of annual alumina capacity 
lost when Reynolds closed the Hurricane 
Creek refinery in Arkansas. 
Brazil.—Mineracáo Rio do Norte S.A. 
(MRN), Brazil’s only bauxite exporter, revis- 
ed its original plan to increase the annual 
capacity of the Trombetas mine from 3.3 
million tons to 6.4 million tons and opted for 
a capacity increase to 4 million tons. More 
than 600,000 tons of Trombetas bauxite was 
consumed by U.S. alumina plants in 1983. 
Much of the increased bauxite production in 
1984 was expected to go to supply MRN’s 
first Brazilian customer, the Aluminio do 
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Maranháo S.A. (Alumar) alumina-smelter 
complex at Sao Luis, Maranhão State. Al- 
umar, a $1,300 million joint venture be- 


tween Alcoa Aluminio S.A. (60%) and Billi- 


ton International Metals BV (4092), planned 
to start up a 500,000-ton-per-year alumina 
plant and a 100,000-ton-per-year primary 
aluminum plant in the second half of 1984. 
Another major project in northern Brazil, 
Consorcio del Construcáo Albras/Alunorte 
(CONSUAL S.A.), formerly known as the 
Albras-Alunorte project, remained on an 
indefintely suspended status. The project, to 
include an 800,000-ton-per-year alumina 
plant and a 320,000-ton-per-year smelter 
located on the Amazon River near Belem, 
Pará State, was planned by Cia. Vale do 
Rio Doce (51%) and a group of 27 Japanese 
companies (49%). 

Greece.— After years of planning and ne- 
gotiating, the Governments of Greece and 
the Soviet Union agreed to proceed with the 
joint construction of a $450 million alumina 
plant designed to produce 600,000 tons per 
year of alumina from local Greek bauxite 
deposits. The U.S.S.R. and Bulgaria were to 
purchase annually 400,000 tons and 200,000 
tons, respectively. Construction was to start 
in 1985. 

Guinea.—Compagnie des Bauxites de 
Guinée (CBG), the operating company for 
. the Sangaredi bauxite mine, the largest in 
Guinea, was owned by Halco (Mining) Inc., 
. 9196, and the Government of Guinea, 49%. 
Biliton BV of the Royal Dutch/Shell 
Group, Netherlands, purchased a 6% inter- 
est in Halco through Martin Marietta Alu- 
minum Co.'s sale of part of its 20% interest 
in Halco. Other companies in the Halco 
consortium were Aluminum Co. of Canada 
Ltd. (Alcan) 27%, Alcoa 27%, Péchiney S.A. 
10%, Vereinigte Aluminum-Werke AG 
10%, and Montecatini Edison S.p.A. 6%. 

Guyana.—A Government proposal in 
June 1983 to reduce the workweek from 5 to 
9 days and a drastic retrenchment in Sep- 
tember of the Guyana Mining Enterprise 
Ltd. work force led to a 6-week labor strike 
and a loss in production during the year. A 
contract with Green Construction Co., Iowa, 
for overburden removal and bauxite mining 
at the East Montgomery Mine was extended 
throughout the year. Recommendations by 
consultants—Kaiser Aluminum Technical 
Services on repairing the alumina plant, 
and USS Engineers & Consultants Inc., a 
United States Steel Corp. subsidiary, on 
improving management of the operation— 
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were reviewed by the state-owned Bauxite 
Industrial Development Corp. Production of 
calcined abrasive-grade bauxite, produced 
from 1937 to 1970, was resumed in 1983 to 
take advantage of markets previously sup- 
plied by the Suriname Aluminum Co. (Su- 
ralco). The 355,000-ton-per-year alumina 
plant at Linden remained closed during the 
year. | 
Hungary.—According to Hungaropress, 
the Hungarian news agency, an agreement 
to supply the U.S.S.R. with 530,000 tons of 
alumina and 5,000 tons of semifinished 
aluminum products annually was extended 
to 1990 with an option for further extension 
to the year 2000. Hungary was to receive, in 
exchange, annual deliveries of 205,000 tons 
of primary aluminum ingot. The barter 


arrangement allows the U.S.S.R. to benefit 


from Hungarian bauxite reserves, while the 
latter benefits from the relatively lower 
Soviet smelter costs that result from hydro- 
electric power sources. Hungary was devel- 
oping a new 650,000-ton-per-year bauxite 
mine at Fenyoefoe that was expected to 
start producing ore by mid-1984. Bauxite 
production was started early in 1983 at the 


 Bito-2 Mine in County Feier. Output from 


the 1.3 million-ton-per-year-capacity mine 
was expected to reach 400,000 tons by year- 
end. | 

Ireland.—The newly constructed Aughin- 
ish Alumina Ltd. refinery owned by Alcan 
(40%), Billiton (35%), and Anaconda Ireland 
Co. (25%) started production in September. 
The refinery had a designed annual capaci- 
ty of 800,000 tons of alumina and was 
scheduled to consume about 1.6 million tons 
annually of bauxite imported from CBG in 
Guinea. 

Jamaica.— Production and exports by the 
five companies operating bauxite mining 
and refining plants remained at very low 
levels. Because Jamaica derives more than 
65% of its export earnings through sales of 
these commodities, the economic impact of 
the depressed market was severe. In March, 
the Government signed an agreement to 
supply 1 million tons of metal-grade bauxite 
for the U.S. National Defense Stockpile. A. 
second agreement, signed in November, in- 
creased the quantity to be supplied to 2 
million tons. The first million tons was sold 
by cash transaction at $33.46 per dry ton, 
f.o.b. Jamaican ports.‘ The price of the 
second million tons was the same; however, 
payment by the United States was to be in 
the form of dairy products. Bauxite ship- 
ments to U.S. stockpile sites began in July 


140 


and were expected to be completed by year- 
end 1984. Jamaica signed a contract in the 
first quarter of 1983 to sell annually to the 
U.S.S.R., 1 million tons of bauxite starting 
in 1984. A trial shipment of 200,000 tons 
was exported under this contract in 1983. 
The new bauxite contract replaced an earli- 
er sales contract to supply the Soviet Union 
annually with 250,000 tons of alumina. 
Jamaica was to receive machinery and oth- 
er merchandise from the U.S.S.R. in partial 
payment for the bauxite. The bauxite pro- 
duction levy agreement between the Gov- 
ernment and the five North American 
bauxite and alumina producers expired at 
yearend 1983. Negotiations between the 
Government and the companies to draft a 5- 
year levy agreement were complicated by a 


devaluation that lowered the value of the. 


Jamaican dollar by 4396, and no agreement 
had been reached by yearend. 
Suriname.—Shipments of bauxite and 
alumina continued at low levels in 1983 as a 
result of weak demand, and output was 
further reduced by a December labor strike 
that.closed down the bauxite mines, alumi- 
na refinery, primary aluminum smelter, 
and the hydroelectric powerplant. News 
was announced in August that NV Billiton 
Maatschappij Suriname, a wholly owned 
subsidiary of Billiton, would buy a 45% 
interest in the Suralco 1.4 million-ton-per- 
year alumina plant located at Paranam. 
This would end a tolling arrangement 
whereby part of Billiton's bauxite produc- 
tion was refined to alumina in the Suralco 
(wholly owned subsidiary of Alcoa) plant. 
Suralco suspended its exports of metal- 
grade bauxite and closed down its refrac- 
tory-grade bauxite calcining facilities early 
in the year. In November, the abrasive- 
grade bauxite calciners were also shut 
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down. The company cited high production 
costs, low market prices, and diminishing 
reserves as reasons for ending calcined 
bauxite production. Withdrawal of Suralco, 
the world's second largest abrasive-grade 
bauxite producer, left the market to Aus- 
tralia, China, Guinea, and Guyana. 

United Kingdom.—British Alcan Alumi- 
nium Ltd. announced that its Burntisland 
alumina plant in Scotland was to be modi- 
fied and the capacity expanded in 1984. 
Approximately $1.7 million was to be spent 
to increase the capacity for fine-particulate 
hydrated alumina. The Burntisland facility 
was one of the leading European alumina 
chemicals producers. 

Venezuela.—The first unit of the Inter- 
americana de Alümina C.A. (INTERALU- 
MINA) refinery began producing alumina 
in February, and the second unit started up 
in September, bringing the plant to its 
designed annual capacity of 1 million tons. 
Startup was reported to have gone smooth- 
ly, and by yearend, a total of 560,000 tons of 
alumina had been produced with about 
140,000 tons exported to Canada, Norway, 


. and the United States. The balance was sold 


to Venezuela's state-owned primary alumi- 
num smelters, Venezolana de Alúminio and 
Aluminio del Caroni S.A. Bauxite feed for 
INTERALUMINA was imported from Bra- 
zil, Sierra Leone, and Suriname. In July, 
the Government budgeted funds for the 
Bauxitas Venezolanas C.A. (Bauxiven) proj- 
ect to proceed with engineering studies to 
develop the Los Pijiguaos bauxite deposits 
in Bolivar State. Bauxiven's objectives were 
to design a mining operation and an Ori- 
noco River barge transport system to start 
delivery of ore to the INTERALUMINA 
refinery in 1986. 


Table 18.—Bauxite: World production, by country! 


(Thousand metric tons) 


Country 1979 1980 1981 1982P 1983* 
Australia ooo eee Ce eee ee oe 27,583 27,178 25,541 23,625 24,500 
PAZ a ee Se A IAS 2,388 5,538 5,110 6,289 7,000 
ei Mt 1,500 1,500 1,500 1,500 1,500 
Dominican Republic? _________________-_ "635 T606 457 141 . e 
LR 1,969 1,921 1,824 1,662 1,716 
Germany, Federal Republic of- __________-- (3) (3) (3) (3) (3) 
E le ue A A A 214 225 181 64 63 
Greece A A 2,812 3,286 3,216 2,853 2,900 
Guinéa - o a 11,326 11,862 11,112 11,827 511,080 
Guyana?_ - ----------------------—- 2,312 1,844 1,681 1,430 51,791 
Hatt EE 584 312 427 377 ae 
Hungary 00 Cee eee eee Ss 2,976 2,950 2,914 2,627 52,917 
A A A 1,952 1,785 1,923 1,854 51,923 

Indonesia sten SE ee eeh es 1,052 1,249 1,203 700 T 
l 26 23 19 24 24 


AE 
See footnotes at end of table. | 
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Table 18.—Bauxite: World production, by country’ —Continued 
(Thousand metric tons) 


Country 1979 1980 1981 1982P 1983* 
Jamaica? _________________________ 11,618 12,054 11,682 8,361 7,300 
Malaysia: IUD EE 387 920 701 589 460 
LN uo aaa eee ie ae 2 2 2 Fe] 1 
Romania erus eun dl ned a lua la a 708 710 €712 *680 650 
Sierra Leone ________________________ 672 766 e610 606 600 
Spain EE 8 4 9 8 8 
Suriname _________________________ 5,010 4,646 4,100 3,059 1,750 
Turkey._________________________- é350 533 575 508 5296 
U.SSSRe8 222222 | .........2.2-- 4,600 4,600 4,600 4,600 4,600 
United States? _______________________ 1,821 1,559 1,510 732 5679 
Yugoslavia — bem a 3,012 3,138 3,249 3,668 53,500 
Zimbabwe______________________ ___ 5 4 5 8 8 


TOU EE 185,522 "89,215 85,523 77,793 76,016 


*Estimated. Preliminary. "Revised. 

1Table includes data available through June 27, 1984. 

2Dry bauxite equivalent of crude ore. 

3Less than 1/2 unit. 

*Dry bauxite equivalent of ore processed by drying plant. 

SReported figure. 

Shipments. 

7Bauxite processed for conversion to alumina in Jamaica plus kiln-dried ore prepared for export. 

5In addition to the bauxite reported in the body of the table, the U.S.S.R. produces nepheline syenite concentrates and 
alunite ore as sources of aluminum. Estimated nepheline syenite production was as follows, in thousand metric tons: 
1979— 2,500; 1980—2,500; 1981—2,500; 1982— 2,500, and 1983— 2,500. Estimated alunite ore production was as follows in 
thousand metric tons: 1979—600; 1980—600; 1981—605 (revised); 1982—610 (revised); and 1983—615. Nepheline syenite 
concentrate grades 25% to 30% alumina, and alunite ore grades 16% to 18% alumina; these commodities may be 
converted to their bauxite equivalent by using factors of 1 ton of nepheline syenite concentrate equals 0.55 ton of bauxite 
and 1 ton of alunite equals 0.34 ton of bauxite. 


Table 19.—Alumina: World production,' by country? 


(Thousand metric tons) 


Country? 1979 1980 1981 1982P 1983€ 
Australia easa E 7,415 7,246 7,079 6,631 7,100 
Brazil ia a a os e 449 493 497 606 580 
Cañada: 5 tato ne n e ur E 953 1,202 1,208 1,127 41,116 
Chini Ge 2. tu i Ee oe 750 750 750 800 800 
Czechoslovakia® _________________ 100 100 100 100 100 
France AA 1,069 1,173 1,095 960 853 
German Democratic Republic _____________ 41 43 43 40 46 
Germany, Federal Republic of. ------------ 1,539 1,608 1,651 1,510 1,500 
Greece e 495 494 490 420 450 
EI A A e ELTE E RE 660 708 608 549 600 
A A at en 200 231 170 73 " 
Hungary- -----------------—-—--———— 788 805 792 710 4836 
EE 4493 500 500 500 450 
A AA ER Se E ET . T0 
¡EAN A 854 900 786 698 700 
JAMAICA: 6 a e sf oe a 2,094 2,456 2,556 1,758 41,907 
dapah is a te ja a cL e 1,545 1,936 1,344 959 41,065 
Romania®_________________________ 502 534 540 ™514 500 
PUN la a lides a E ls 58 695 673 650 
Suriname _________. - EE EE 1,325 1,316 1,200 1,172 1,200 
Taiwan cece A Na E 7113 7128 "62 72] es 
$0175 en 10 138 131 |. 84 457 
WS EE 2,600 2,700 2,800 3,000 3,200 
United Kingdom _____~_____~__________~_ 88 102 90 88 90 
United States? ______________________ 6,450 6,810 5,960 4,130 44,000 
Venezuela —-—------------------—-—-—- Bet SP PE UM 560 
Yugoslavia _________________~_______ 836 1,058 1,037 1,072 1,100 


Wei lh ed Dh iue tl o a ps 731,429 "33,489 32,184 28,195 29,530 


“Estimated. Preliminary. "Revised. 

1Figures presented generally represent calcined alumina; exceptions are noted individually. 

"Table includes data available through June 27, 1984. 

3In addition to the countries listed, Austria produces alumina (fused aluminum oxide), but output is entirely for 
abrasives production. Output totaled 28,223 metric tons in 1973; production data subsequent to 1973 are not available. 

*Reported figure. | 

5Calcined alumina, plus calcined alumina equivalent of alumina hydrate. 
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Table 20.—World annual alumina capacity, by country 
(Thousand metric tons, yearend) 


Country 


France 
German Democratic Republic 
abet Federal Republic of 


Spain 


mm ewe we i we em mme ep emm 


1981 1982 1983 
———— a 7,340 . 7,840 7,910 
EE 540 540 540 
Last doe e urs 1,225 1,225 1,225 
S ETE 650 650 650 
n 100 100 100 
Mn e 1,320 1,320 1,320 
eege 65 65 65 
weg ere ee hy one 1,745 1,745 1,745 
Sent) Setar E 500 500 500 
EE 700 100 100 
PTT RNC SMS 355 355 355 
ee 895 895 895 
—— e 615 675 675 
EE la 800 
e E ee Oe 920 920 920 
ia EE 2,825 2,825 2,325 
aca e a ed 2,615 2,615 2,615 
A C) s. as 
EE 540 540 540 
A A 800 800 800 
mE E. Se E 1,350 1,350 1,350 
pl o n 140 160 160 
BTE TENTER 200 200 200 
SE 4,500 4,500 4,500 
eos re GAs ts 140 140 140 
SE 7,420 7,495 7,145 
Da is E Sg 1,000 
eebe 1,635 1,685 1,635 
ta 39,195 39,790 41,310 


TECHNOLOGY 


Álcoa and ARCO Metals Co. announced a 
joint research project to perfect the technol- 
ogy for production of primary aluminum 
from kaolinitic clay. ARCO was to contrib- 
ute its expertise in producing aluminum 
chloride from clay, while Alcoa would pro- 
vide smelter technology for converting the 


chloride to aluminum. This alternative to- 


the conventional Bayer-Hall processes, 
based on bauxite as the raw material, prom- 
ised significant savings in energy require- 
ments and could draw on very large domes- 
tic resources of clay.* 

Toth Aluminum Corp. planned to open a 
new plant at Vacherie, LA, in the first 
quarter of 1984 to produce aluminum chlo- 
ride and other metal chlorides from clay. 
The plant was to use a proprietary carbo- 
chlorination process in conjunction with a 
boron trichloride catalyst to treat kaolin 
clay supplied from Georgia. The company 
expected this first commercial plant to re- 
cover alumina from clay to produce annual- 
ly about 8,000 tons of aluminum chloride for 
conversion to high-purity alumina for the 
abrasives and ceramic markets.* 

At Red Mountain, CO, Earth Sciences Inc. 
was exploring an alunite (potassium alumi- 
num sulfate) deposit as a possible alternate 
source of alumina. The company reported 
drilling out more than 54 million tons of 
alunite, which, when pure, contains 37% 


alumina. The proposed project was econom- 
ically enhanced by a plan to produce potash 
and sulfuric acid as coproducts.’ 

The Bureau of Mines reviewed the state- 
of-the-art technology for producing alumi- 
num chloride from kaolinitic clay. The im- 
portant chemical problems in producing 
anhydrous aluminum chloride of acceptable 
purity for the production of aluminum met- 
al were identified and discussed.* Prelimi- 
nary studies were completed at the Bureau 
of Mines Tuscaloosa Research Center on the 
dewatering of the red mud waste of alumina 
plants. High-molecular-weight polyacryla- 
mides were found to be the most effective 
flocculants for red mud generated from 
Jamaican bauxite. Slurries containing ap- 
proximately 1096 solids were dewatered to 
about 25% solids using a baffled, rotating 
drum mixer to mix a commercial flocculant 
with the mud and a trommel screen to pro- 
vide dewatering. 


! Physical scientist, Division of Nonferrous Metals. 

“Statistical assistant, Division of Nonferrous Metals. 

2AU quantities in this chapter are given in metric tons 
unless otherwise specified. 

“Contract price was $34 per long dry ton of bauxite. 

american Metal Market. V. 91, No. 215, Nov. 3, 1983, 
pp. 1, 8. | 

6." No. 220, Nov. 10, 1983, p. 6. 

“Industrial Minerals (London). May 1988, p. 15. 

5Landsberg, A. Aluminum From Domestic Clay Via a 
Chloride Process. BuMines IC 8923, 1983, 15 pp. 


Beryllium 


By James F. Carlin, Jr 3 and Benjamin Petkof! 


The domestic beryllium industry con- 
tinued to convert domestic and imported 
beryllium ore concentrates to beryllia, met- 
al, and alloys. Imports of beryl declined 
moderately. Exports of beryllium materials 
declined sharply from those of 1982. Berylli- 
um concentrate consumption increased as 
numerous end-use markets rebounded in 
1983. 

World beryl production declined slightly 
in 1983. 

Domestic Data Coverage.—Domestic pro- 


duction data for beryllium were developed 
by the Bureau of Mines from separate, 
voluntary surveys of U.S. operations. Typi- 
cal of these surveys was the Beryllium 
Mineral Concentrate and Beryllium Ore 
survey. All 18 operations to which a survey 
request was sent responded. Four of these 
operations accounted for 100% of the total 
production in 1983. Production data were 
withheld in table 1 to avoid disclosing com- 
pany proprietary data. 


Table 1.—Salient beryllium mineral statistics 
(Short tons unless otherwise specified) 


United States: 
Beryllium mineral concentrates: 
Shipped from mines! 


Imports for consumption uu cO A M ee 


1979 1980 1981 1982 1983 
dë W W W W W 
es 1,037 1,703 2,138 2,652 2,194 
€ 9,518 8,508 8,141 5,987 6,989 
Dri $47 $69 $94 $121 $126 
-— 835 1,850 2,223 5,112 7,037 
— 2,642 2,823 3,198 P3,414 “3,189 


*Estimated. Preliminary. W Withheld to avoid disclosing company proprietary data: 
1Includes bertrandite ore that was calculated as equivalent to beryl containing 11% BeO. 


Legislation and Government Pro- 
grams.—At yearend, Government stocks 
were the same as those of 1982: beryl ore, 
17,987 short tons; beryllium-copper master 
alloy, 7,387 tons; and beryllium metal, 229 
tons. The National Defense Stockpile goals 
for these beryllium materials remained at 
18,000 tons, 7,900 tons, and 400 tons, respec- 
tively. The General Services Administra- 
tion awarded a contract to Brush Wellman 
Inc. to sell the Government 30 tons of beryl- 


lium metal by December 12, 1984, for inclu- 
sion in the National Defense Stockpile. 

Beryllium occupational and health stand- 
ards promulgated in 1975 by the Occupa- 
tional Safety and Health Administration 
were still pending in 1983. 

Federal income tax laws provided a deple- 
tion allowance of 2296 for domestic produc- 
tion and 14% for U.S. companies producing 
from foreign sources. 
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DOMESTIC PRODUCTION 


Brush Wellman remained the only major 
commercial producer of beryllium concen- 
trates. Brush Wellman mined low-grade 
bertrandite ore at Spor Mountain, UT, and 
processed it into beryllium hydroxide. A 
small quantity of beryl was also mined 
domestically. 

Brush Wellman converted beryllium con- 
centrates to beryllium hydroxide at its pro- 
cessing plant near Delta, UT, and began 
operation of a new furnace designed to 
process beryl ore with lower beryllia con- 
centration, containing a minimum of 7% 
beryllium oxide. The firm also completed a 
major expansion of its Elmore, OH, plant 
for making beryllium-copper alloy rods and 
tubes. 


The Cabot Berylco Div. of the Cabot Corp. 
continued to produce beryllium-copper and 
other beryllium alloys at its plant in Read- 
ing, PA, from imported and domestic ores 
that were converted to beryllium hydroxide. 
Cabot started rolling beryllium-copper alloy 
strip products at its High Technology Mate- 
rials Div. in Kokomo, IN, and also contin- 
ued rolling operations at its Reading, PA, 
plant. Cabot started construction on a new 
facility in Elkhart, IN, to further process 
some strip products. 

Domestic production of beryllium metal 
declined significantly, but production of 
beryllium-copper master alloys and berylli- 
um oxide ceramics increased. 


CONSUMPTION AND USES 


Consumption of beryl ore increased from 
that of 1982, but remained below levels of 
recent years, as several markets experi- 
enced greater demand. 

Copper-based berylium alloys were the 
most widely used beryllium-containing 
products and demand increased in 1988. 
The addition of about 2% beryllium to 
copper provides a commercial copper alloy 
with physical properties that permit the 
alloy’s use in a wide range of applications in 
cast and wrought forms. Often the alloy was 
used in the form of a thin strip or small- 
diameter rod. The alloy was then used to 
fabricate items such as connectors, springs, 
sockets, switches, bushings, bearings, non- 
corrosive and nonmagnetic housings, and 
temperature- and pressure-sensing devices 
for the aircraft, automotive, electronic, and 


well-drilling industries. 

Beryllium oxide ceramics found increas- 
ing use in electronics and electrical indus- 
tries because of its high thermal conductiv- 
ity, mechanical hardness and strength, elec- 
trical insulation, and low dielectric con- 
stant. It was used in the production of 
lasers, microwave tubes, semiconductors, 
electronic substrates, microprocessors, aero- 
space and communications equipment, 
home appliances, and other equipment. 

Beryllium metal with its high stiffness-to- 
weight ratio, light weight, excellent ther- 
mal conduction properties, and nuclear re- 
flection and absorption properties was used 
in inertial guidance systems, military and 
commercial satellite and space vehicle 
Structures, instrumentation, space optics, 
and special nuclear applications. 


PRICES AND SPECIFICATIONS 


From the beginning of 1983 until late 
July, Metals Week quoted the price range 
for beryl ore at $110 to $185 per short ton 
unit; for the balance of the year, the price 
range was quoted at $110 to $120 per short 
ton unit. 

At yearend, the American Metal Market 
quoted the following prices for beryllium 
materials in dollars per pound: 


Vacuum cast ingot, 97% pure _______ $206 
Metal powder, in 5,000-pound lots and 
Ee 180 
um-copper Oye c cuc 

Beryllium-copper casting alloy. — — — — — — $4.89. 5.80 
Beryllium-copper in rod, bar, wire __.. 7.20 
Berylli in strip SEH 7.10 
EE um alloy, in 100,000- Ss 
Beryllium oxide powder- __________ 49. 


BERYLLIUM 
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FOREIGN TRADE 


Exports declined sharply, especially to 

Switzerland, reflecting the erratic pattern 
of yearly exports in recent years. France 
was the major destination. 
. Beryl was the only beryllium mineral ore 
imported into the United States. The aver- 
age value of imported ore increased from 
$1,212.29 per ton in 1982 to $1,255.70 per ton 
in 1983. Brazil and China together supplied 
about 82% of total imports of beryl. In 
addition to the imports of beryl, 18,346 
pounds of wrought, unwrought, and waste 
and scrap beryllium metal valued at 
$110,975 was imported from the Federal 
Republic of Germany, Mexico, and the Unit- 
ed Kingdom. 

Starting January 1, 1983, the U.S. import 


duties for beryllium were as follows: berylli- 
um ore and concentrates (TSUS 601.09), free 
for all nations; unwrought beryllium waste 
and scrap (TSUS 628.05), 8.5% ad valorem 
for most favored nations (MFN) and 25% ad 
valorem for non-MFN; wrought beryllium 
(TSUS 628.10), 9% ad valorem for MFN and 
45% ad valorem for non-MFN; beryllium- ` 
copper master alloy (TSUS 612.20), 8.3% ad 
valorem for MFN and 28% ad valorem for 
non-MFN; beryllium oxide or carbonate 
(TSUS 417.90), 3.7% ad valorem for MFN 
and 25% ad valorem for non-MFN; other 
beryllium compounds (TSUS 417.92), 4.4% 
ad valorem for MFN and 25% ad valorem 
for non-MFN. 


Table 2. —U. S. exports of beryllium alloys, wrought or unwrought, 
and waste and scrap,’ by country 


Country 


1982 1988 

Value Value 

Quantit, - . Quantit g 

pounds) (agy (pounds) Shay 

e a 487 5 
eg 804 $180 1,129 2 
MENOR anes 416 Ge ave 
EEN SS ee 5,180 9 
Seet H 1 55 6 
EE 20 2 196 20 
SE 4,229 1,298 18,289 1,246 
E 542 140 1, ,261 810 
EE 845 16 s e 
c Eid ees es ute im 48 2 
nc Le 57 6 348 7 
A E 9,649 751 5,187 878 
LA EE 2,951 2,561 88 
Se 50 8 
E 28 58 9 28 
Les eei SH d 150 1 
FORM 8,962 16 ncs — 
meu em nes 7,478 88 mes = 
Eege 98,556 1,126 4,886 126 
ER 347 22 2,553 137 
— Á— T10 rg 12 8 
UOCE 184,018 8,696 87,477 2,698 


TRevised. 
‘Consisting of beryllium lumps, single crystals, powder; beryllium-base alloy powder; and beryllium rods, sheets, and 


wire. 
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Table 3.—U.S. imports for consumption of beryl, by country 


| 1982 1983 

Co Quantity Value Quanti Value 

re (short (thou- ter (thou- 

tons) sands) tons) sands) 
nd AA 31 $32 E ade 
A AA AA A A 2 3 14 $26 
Be pum ore ee DEE A4 38 a M 
M NEM NDS eM A EE 945 1,262 1,006 1,217 
nope CERE sla eek 975 1,041 788 1,030 
Hone TEE 127 159 32 40 
Alit o EE 74 Ie e 
E TT, EE a Pä 83 22 
xis cL a LU E 22 83 det SÉ 
genge Zeen 22 19 x 
South AN Republic of e ~~ --- E 227 298 128 188 

Switzerland `... 118 156 165 
T Su d ic a a E I Seo 31 84 Sa aha 
United Kingdom: += oc ees 10 9 Së 2 
Zimbabwe ________________-_____---_------- 38 57 19 21 
Total A IS A ANA 2,652 3,215 2,194 2,755 
WORLD REVIEW 


Brazil and the U.S.S.R. remained the number of producers operating on a small 


major producers of beryl. China was also a 
substantial producer, but production data 
were unavailable. 

Brazil.—Beryl was mined in six States: 
Minas Gerais, Bahia, Rio Grande do Norte, 
. Paraíba, Ceará, and Alagoas. The principal 
areas of production were in the northeast 
sector of Minas Gerais in the Jequitinhonha 


and Rio Doce Valleys. Here, mining was 


characteristically carried on by a large 


scale. After beneficiation, beryl was export- 
ed, mainly to the United States. 

U.S.S.R.—Most beryl deposits were in the 
Kola Peninsula, Kazakhstan, the Urals, 
Altay, Transbaikal, the Soviet Far East, and 
western Ukraine. Recovery of beryllium 
from the Dzhidinsk tungsten and molybde- 
num ores in Buryat, A.S.S.R., was plan- 
ned. 


1Physical scientist, Division of Nonferrous Metals. 


Table 4.—Beryl: World production, by country! 


(Short tons) 
Country 1979 1980 1981 1982P 1983* 
EAS EROR a RR AE 84 8 7 
Brazil xc GNU ODER ES 498 606 894 1,161 882 
ee 11 11 11 11 11 
Mozambique ._---------------------— 31 22 20 17 17 
SE EE 21 20 21 20 
Rwanda. .——. Ee leg 51 119 65 76 Tl 
South Africa, Republic of |... 1 3) 134 64 19 
USSR elu uA i Le 2,000 2,000 2,000 2,000 2,100 
United States? ___________________._._ W W W W W 
MOERORE A ee eee Peet AD ee 31 10 46 57 55 
Total EE 2,642 2,823 3,198 8,414 3,189 


PPreliminary. W Withheld to avoid disclosing company proprietary data. 


*Estimated. 
1In addition to the countries listed, China prod 
available information is inadequate to formulate re 


uced beryl, and Bolivia and Namibia may also have produce beryl, but 
le estimates of 


production. Nepal reports 


cing small 
amounts and Kenya apparently produced small amounts until 1980. Table includes data available il We Apr. SN 1984. 


3Less than 1/2 unit. 
*Primarily bertrandite ore. 


Bismuth 


By James F. Carlin, Jr.’ 


Domestic production of bismuth was de- 
rived by processing lead ores and intermedi- 
ate metallurgical products, such as lead 
bullion, which contain bismuth as a minor 
constituent. One company accounted for all 
domestic primary production. Consumption 
continued to be mostly in the Northern and 
Eastern United States. The pharmaceutical, 
chemical, cosmetic, steel, and aluminum 
industries were major users. 

Domestic Data Coverage.—Domestic pro- 
duction data for bismuth metal are devel- 
oped by the Bureau of Mines from a volun- 


tary survey of the only U.S. bismuth refin- 
ery. Production data are not published to 
avoid disclosing company proprietary data. 

Legislation and Government Pro- 
grams.—Government stocks remained at 
2,081,298 pounds. The National Defense 
Stockpile goal remained at 2,200,000 
pounds. 

Federal income tax laws provided a deple- 
tion allowance of 22% for domestic oper- 
ations and 14% for U.S. companies pro- 
ducing in foreign countries. 


Table 1.—Salient bismuth statistics 
(Thousand pounds unless otherwise specified) 


1982 


1979 1980 1981 1983 
United States: 
ise pron EE 2,727 2,289 2,393 1,876 2,285 
EXPOS uc ee ta a dia 428 129 79 53 306 
dol general —————Á— 2,167 2,217 2,436 2,026 1,972 
Producer price, average per pound (ton lots) _ _ $3.01 (*) (2) (^) (2) 
Consumer stocks, Dec. 321 630 674 509 542 577 
World: Production? __________________~_ 7,548 7,954 8,130 P8,799 8,935 
“Estimated. Preliminary. "Revised. 
1Includes bismuth, bismuth alloys, and waste and scrap 
2Domestic producer’s list price has been suspended ane e Oct. 1, 1980. 
3Excludes the United States. 
DOMESTIC PRODUCTION 


Bismuth was produced from the treat- 
ment of lead ores and bullion of both foreign 
and domestic origin. A single primary refin- 
ery operated by ASARCO Incorporated at 


Omaha, NE, accounted for all primary pro- 
duction. Small quantities of secondary bis- 
muth were produced from bismuth scrap 
materials by several firms. 


CONSUMPTION AND USES 


Domestic consumption increased in 1983, 
and most consumption categories shared in 
the increase. The sharpest increase oc- 
curred in metallurgical additives, where 


usage was stimulated by increased demand 
for capital goods as the general economy 
rebounded. 
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Tabfe 2.—Bismuth metal consumed in the 


United States, by use 
(Thousand pounds) 
Use 1982 1983 
Fusible alloys - - - ------— 572 623 
Metallurgical additives .. _ — — 125 523 
Other alloys - - --------- | 21 20 
Pharmaceuticals! _______ 1,145 1,104 
Experimental ___ __..___ (2) 2 
Other. donen 13 13 
Total. acia Se 1,876 2,285 
! Includes industrial and Fort chemicals and 
cosmetics. 
?Less than 1/2 unit. ' 


PRICES 


Asarco continued suspension of its pro- 
ducer list price throughout the year. The 
published price of a major foreign producer 
remained at $2.30 per pound throughout the 


year. Dealer quotations were $1.35 to $1.40 
per pound at the beginning of 1983 and 
were raised throughout the year to finish at 
$1. 75 to $1.80 per pound. 


FOREIGN TRADE 


Exports of bismuth increased sharply to 
the highest level in 4 years. 

Starting January 1, 1983, the U.S. import 
duties for bismuth were unwrought metal 
(TSUS 632.10), free for most favored nations 
(MFN) and 7.5% ad valorem for non-MFN; 
alloys (TSUS 632.66), 7.8% ad valorem for 


MFN and 45% ad valorem for non-MFN; 
and compounds (TSUS 418.00 and 428.80), 
10.5% ad valorem for MEN and 85% ad 
valorem for non-MFN. 

The recent pattern of import sources 
continued, with Mexico and Peru being the 
major suppliers. | | 


Table 3.—U.S. exports of bismuth, bismuth alloys, and waste and scrap, by country 


1982 1988 

Country Value Quantit . Value 
(thou- (thou- 
(pounds) D, @ounds) — e) 
RT EE — e 148 $1 
Australa ocu uu ee ade ee mud eee 108 $1 26 3 
Bahrain ______ NEES 278 1 S Ea 
Bermuda -aeaea EE 382 Sage EN 

Brazi née. uu e IS AA 905 15 813 
e, TEE EE 11,794 24,950 102 

China eet = Sit 98,486 
So Bea Ri IA A ONE 506 1 mum edu 
Franoe EE 28 6 7 2 

Germany Federal Republic of - -—- -- - -------------------——— 1,387 21 137 
ee Mem C Tc A SE A ENE 1,000 3 4,000 11 
Hong Bong none e ch E 25 5 "e = 
A O AAA 3,451 25 a m 
Ireland. docu aaa Ea rere EEN eM NER 410 2 
| C=) EE 1 165 2 
kaly- EEN 1,983 26 429 7 
IT A A AI RA ARA 5,142 46 7,407 59 
Korea. Republic óf -sica suana a Ee 10 2 9 1 
a re e eic 244 1 100 2 
ea ARE Re a OE RIE REE dO EE "n E 641 9 
Netherlands ARONA A A FRENIS m es 64,567 172 
Peri- EE 204 2 M ua 
Portugal ¿us ts c n a A Le eae cen ae une 167 1 = =< 
SINKADO tee at a arate 1,128 6 891 8 
South Africa, Republic of... 811 5 69 2 
EE EE 2,840 10 1,464 12 
SWedeh EE 267 5 he SS 
Switzerlahd. ¿o ia as ias is 400 3 30,110 66 
TAIWAN: ii leet A a Et ee its ae ,258 55 

Thailand EE 382 7 


BISMUTH 149 


Table 3.—U.S. exports of bismuth, bismuth alloys, and waste and scrap, by country 


—Continued 
1982 1988 
Country Quantity Value ee Value 
(thou- (thou- 
Tnnldad EE 528 $6 TM a 
United Kingdom __________________~- o 16,841 59 129,940 $93 
Venezuela: msi eds ena rial cepo da a a cd ep p a oe 1,099 21 2a ele 
21 E EE 244 3 101 7 
Total EE e 52,758 871 306,128 703 
Table 4.—U.S. general imports: of metallic bismuth, by country 
| 1982 1983 
Country Quantity Value Quantit Value 
(thou- y (thou- 

Belgium-Luxembourg_ 2. 22-222 2222222222- 908 $3 16,095 $24 
ATT AAA A a a a 82 178,633 346 
Germany, Federal Republic of. ---oooooooccocooococcoooo- 118,571 253 32,783 T8 
TEE 41,361 T3 , 102 
Korea, Republic of. — - - ----- -- ------------—--——-——— 13,412 15 55,112 83 
Mexico EE 699,547 913 706,572 959 
eeng 864,100 1,319 653,720 949 

40. ated ye ae! 
United Kingdom... --_-.-____---- 238,056 548 260,750 578 

d VD 2,026,245 8,206 1,971,956 8,121 - 


¡General imports and imports for consumption were the same in 1982 and 1983. 


WORLD REVIEW 


World production of bismuth rose slightly major producer of bismuth at the mining 
in response to increased demand in many level. 
end-use markets. Australia remained the 


Table 5. —Bismuth: World mine production, by country! 


(Thousand pounds) 
Country” 1979 1980 1981 1982” 1983° 

Australia (in concentrates) ____----omoococoio.- e2200 * °2.650 2,579 3,395 3,310 
Bolivia (in concentrates) ___ - - - - ----- ~~~ 22 24 24 11 10 
Canada tl EE 306 377 370 417 4445 
China (in ore) _________ o A Spee 570 570 570 570 570 
Germany, Federal Republic of (in ore? |... 22 (5) (5) (5) ee 
Japan (metal) -—-—-----------------------—— 1,010 145 1,054 1,071 1,260 
Korea, Republic of (metal) . A ~~ ___-— 192 271 220 209 200 
eeneg eene a a ge ae eT SE ` 1,662 1,698 1,446 1,336 1,320 
¡AAA A AR A 1,162 1,096 1,409 1,332 1,350 
Romania (in ore)" Shas ead a 180 180 180 180 180 
Uganda (in ore)f_——-----------------------— 11 NA NA NA NA 
U.S.S.R. (metaD?? ___--------------------——- 160 160 170 170 180 
United States (in ore)_-_---ooooocococccccomomeo.- W W W W W 
Yugoslavia (metal _——--------------------——- r51 183 108 108 110 

pa EE r7 548 7,954 8,130 8,799 8,935 


*Estimated. Preliminary. ‘Revised. NA Not available. W Withheld to avoid disclosing company proprietary 
data; excluded from total. 
‘Table includes data available through Apr. 4, 1984. 
2In addition to the countries listed, Brazil, Bulgaria, France, the German Democratic Republic, and Namibia are 
oeeo lo pave produced bismuth, but available information is inadequate for formulation of reliable estimates of 
output leve 
SRefined metal and bullion plus recoverable bismuth content of exported concentrate. 
*Reported figure. 
5Revised to zero. 
Bismuth content of refined metal, bullion, and alloys produced indigenously plus recoverable bismuth content of ores 
` and concentrates exported for processing. 
"Output reported is at the smelter stage of production. 
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TECHNOLOGY 


In the United States, a lower temperature 
wave soldering process was developed, using 
an eutectic alloy of tin and bismuth with a 
melting point of 138° C compared with 183° 
C for the conventional tin-lead solder alloy. 
The process of immersion wave soldering 
was being increasingly used in the electron- 
ics field and involved passing printed circuit 
boards through a flux and then over the 
submerged solder wave; the process per- 


mitted rapid soldering with minimal solder 
waste. Researchers claimed the new process 
allowed more uniform fluxing, more con- 
trollable solder deposition, reduced thermal 
stress, elimination of solder splatter and 
drossing, and easier post-solder clean- 
ing of the printed circuit boards.’ 


¡Physical scientist, Division of Nonferrous Metals. 


?Tin International. V. 56, No. 8, Aug. 1983, p. 300. 


Boron 


By Phyllis A. Lyday! 


U.S. production and sales of boron miner- 
als and chemicals increased during the year 
because of the improved economy. Glass 
fiber insulation continued to be the largest 
use for borates, followed by textile-grade 
glass fibers and borosilicate glasses. 

California was the only domestic source of 
boron minerals, which were mostly in the 
form of sodium borate, but also as calcium 
borate and sodium-calcium borates. Domes- 
tic and world markets gained strength, and 
the United States continued to provide es- 
sentially all of its own supply while main- 
taining a strong position as a source of 
sodium borate products and boric acid to 
foreign markets. 

Supplementary U.S. imports of Turkish 


calcium and sodium-calcium borate ores 
and boric acid, primarily for textile-grade 
and insulation-grade glass fibers, continued. 

Domestic Data Coverage.—Domestic da- 
ta for boron were developed by the Bureau 
of Mines from three separate, voluntary 
surveys of U.S. operations. Of the three 
operations to which a production survey 
request was sent, all responded, represent- 
ing 100% of the total production data shown 
in tables 1 and 7. A Bureau canvass of the 
three U.S. producers also collected data on 
domestic consumption of boron minerals 
and compounds shown in tables 2 and 3. In 
addition, the two producers of refined bo- 
rates supplied data on exports of refined 
borates shown in tables 1 and 5. 


Table 1.—Salient statistics of boron minerals and compounds 
(Thousand short tons and thousand dollars) 


1979 1980 1981 1982 1983 
United States: 
Sold or used by producers: 
Quantity: 
Gross weight! _______________ 1,590 1,545 1,481 1,234 1,303 
Boron oxide (B203) content _____-_-_ 799 783 740 607 637 
Valle es $310,211 $366,760 $435,387 $384,597 $439,181 
Exports: | 
Sodium borates (refined):? l 
Quantity eer 332 325 228 227 225 
TEEN $94,000 $65,000 $58,000 $59,000 $51,000 
Boric acid:* 
antt seva Se ee EL 42 47 46 38 
AR ee $22,938 $23,735 $24,602 $19,082 $20,688 
Imports for consumption: 
Colemanite:* 
uantity __________________ 89 69 98 39 40 
EE $10,946 $6,218 $15,202 $6,386 $8,309 
Boric acid 
quantity See 10 1 
ENEE $4,267 $6,393 © $763 $1,903 $3,456 
Consumption: Boron oxide (B203) content? _ _ _ 410 384 373 266 341 
World: Production... T2 T1 72,877 2,820 P2,503 $2,450 


“Estimated. Preliminary.  'Revised. 


1Minerals and compounds sold or used by producers, including both actual mine production and a marketable 


equivalent of brine products. | 


2Comparable quantities of crude sodium borates are exported also; however, export data are not available. 


3Includes orthoboric and anhydrous boric acid. 


*Reported value includes approximately 11,000 tons of ulexite in 1979, 5,500 tons in 1980, 44,000 tons in 1981, and 35,000 


tons in 1982. No data available for 1983. 
See table 2. 
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Legislation and Government Pro- 
grams.—The U.S. Department of Justice 
terminated a 37-year-old consent decree 
against 7 companies and 11 individuals 
engaged in mining, processing, manufac- 
turing, selling, and distributing crude bo- 
rates, borax, and boric acid. The decree 
required Borax Consolidated Group defend- 
. ants to sell the Western Borax Mine proper- 
ty and the Thompson properties and to give 
the United States a quitclaim deed to the 
Little Placer Claim. At the time of the 
termination, the Western Borax Mine prop- 
erty and the Little Placer Claim were own- 
ed by Kerr-McGee Chemical Corp. The 
Western Borax Mine had been depleted of 
mineral resources, but the Little Placer 
contained an estimated 2.5 million tons of 
recoverable borate ore. Both of the claims 
were adjacent to the U.S. Borax & Chemical 
Corp. mine at Boron, CA. U.S. Borax esti- 
mated that an additional 27 million tons of 
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borate ore from the Boron Mine could be 
extracted by gaining surface access to the 
Kerr-McGee property? The termination 
was finalized in the Federal court for the 
northern district of California on August 31. 
On September 8, the Bureau of Land Man- 
agement allowed the Little Placer leases to 
be transferred to U.S. Borax for an undis- 
closed fee. 

A suit filed by Kerr-McGee against the 
U.S. Department of .the Interior was 
dismissed by the Ninth U.S. Court of Ap- 
peals because of a lack of demonstrated 
harm to Kerr-McGee's operations at Searles 
Lake from a Federal recommendation to 
place Death Valley National Monument 
under the strictest pollution control stand- 
ards. The judge cited the 1977 Clear Air 
Act Amendments that required the Federal 
Government to determine if stricter pollu- 
tion controls were needed. 


DOMESTIC PRODUCTION 


Boron minerals, sold and used, increased 
in quantity and value during the year. The 
majority of the output continued to be from 
Kern County, CA, with the balance from 
San Bernardino and Inyo Counties, CA. 

American Borate Co. a wholly owned 
subsidiary of Owens-Corning Fiberglas 
Corp., continued to mine colemanite, a calci- 
um borate, and ulexite-probertite, two simi- 
lar sodium-calcium borates mined and sold 
as one, at its mine in Death Valley National 
Monument. The mine had a capacity of 
350,000 short tons of ore and 130,000 short 
tons of salable product. Colemanite was 
ground and processed at the washing and 
calcining plant at Amargosa, NV. Previous- 


ly referred to as Lathrop Wells, the town 


incorporated during 1983 to Amargosa. The 
mill had a monthly capacity of 6,300 tons of 
concentrate. A flotation plant adjacent to 
existing facilities at Amargosa processed 
colemanite by a patented process. The cole- 
manite product was trucked to Dunn, CA, 
for blending, storing, and shipping by rail 
primarily to manufacturers of textile-grade 
glass fibers. Ulexite-probertite ore was 
trucked to Dunn, where it was ground, 
screened, and blended to specification, stor- 
ed, and shipped by rail to customers. Most 
shipments of the blended ulexite-probertite 
were to manufacturers of glass fiber insula- 


tion. 

Kerr-McGee operated the Trona and 
Westend plants at Searles Lake, in San 
Bernardino County, to produce refined sodi- 
um borate compounds and boric acid from 
the mineral-rich lake brines. At the Trona 
plant, a differential evaporative process was 
used to produce boric acid, pentahydrate 
borax, and anhydrous borax. Byproducts 
included potassium compounds. At yearend, 
one of the evaporative boilers used to pro- 
duce pentahydrate borax was operating to 
reduce process steam used in other oper- 
ations to distill water that was recycled for 
boiler feed water in the coal-fired generator. 
The Westend plant curtailed production of 
boric acid and produced sodium borates by a 
carbonation process that also produced 
lime, soda ash, and sodium sulfate. Produc- 
tion capacity was 210 tons per day of the 
combined borate products. Screening and 
grinding facilities were located at both 
plants. Shipments from Searles Lake were 
by rail via a company-owned spur to the 
Santa Fe Railroad at Ridgecrest, CA. 

U.S. Borax, a member of the RTZ Group 
of London, United Kingdom, continued to 
be the primary world supplier of sodium 
borates. U.S. Borax processed crude and 
refined hydrated sodium  borates, their 
anhydrous derivatives, and anhydrous bo- 


BORON 


ric acid at the Boron refinery at Boron, in 
Kern County, CA. Crude sodium borates— 
Rasorite 46, a pentahydrate, and its anhy- 
drous derivative—were produced for foreign 
markets. New equipment to improve the 
recovery of borax from the tailings was 
being constructed. Centrifuges were to sepa- 
rate clay matter from borax in water solu- 
tion, which would be evaporated in solar 
ponds. The process was expected to increase 
borax recovery by 6% to a total of 91%. 

A second plant at Boron produced tech- 
nical-grade boric acid and sodium sulfate as 
waste by a proprietary process using U.S. 
Borax’s extensive kernite ore reserves. Bo- 
ric acid was produced to compete with 


colemanite used in glass manufacture. The 


boric acid plant, the world’s largest, lowered 
energy requirements by using unrefined 
kernite ore as feedstock. 
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In 1988, 4,000 tons of products was 
shipped from Boron each day via the Santa 
Fe Railroad. The majority of the material 
was shipped to U.S. Borax’s storage, load- 
ing, and shipping facilities at Wilmington, 
CA. The Wilmington facility also produced 
some boron specialty chemicals and borated 
soap products. 

Duval Corp. discontinued a pilot project 
designed to produce boric acid from solu- 
tion-mined colemanite. Pilot plant-size solar 
ponds had been constructed. 

Anaconda Copper Co. and Leslie Salt Co. 
formed a joint venture to buy the Searles 
Lake leases of Occidental Petroleum Corp. 
Leslie produced salt from the solar ponds 
during the year. Anaconda planned to de- 
velop the property at some future date for 
production of other minerals, including bo- 
rates. 


CONSUMPTION AND USES 


U.S. consumption of borates rebounded 
significantly from its 1982 7-year low. Glass 
fiber insulation and glass fiber reinforce- 
ment plastics continued to be the largest 
consuming industries. 

The improved market for thermal insula- 
tion in construction increased demand for 


borax pentahydrate and ulexite-probertite 


for use in the manufacture of glass fiber 
insulation, the largest area of demand for 
borates. Cellulosic insulation was the fifth 
largest area of demand. 

The second major market for borates was 
textile-grade glass fibers. U.S.-produced 
colemanite, orthoboric acid, ulexite-pro- 
bertite, pentahydrate borax, anhydrous bo- 
rax, orthoboric acid, and Turkish coleman- 
ite were essential raw materials for manu- 
facturing high-tensile-strength glass fiber 
composites for use in a range of products 
that included aircraft, automobiles, and 
sports equipment. More than 90% of new 
pleasure boats were made of glass fiber- 
reinforced plastic. The glass fiber industry 
was composed of Owens-Corning, 51%; 
Manville Corp., 26%; CertainTeed Corp., 
12%; PPG Industries Inc., 10%; and other, 
1%. 

Consumption of borates in the form of 


anhydrous borax, pentahydrate borax, or- 
thoboric acid, and anhydrous boric acid for 
use in the manufacture of special borosili- 
cate glasses remained a major end use. 
Boron compounds in cleaning and bleaching 


were also an important consumption sector; 


about one-quarter of these compounds was 
used to produce sodium perborate deter- 
gents. Boron compounds continued to find 
application in the manufacture of biological 
growth control chemicals for use in water 
treatment, algicides, fertilizers, herbicides, 
and insecticides. Boron compounds were 
also used in metallurgical processes as 
fluxes, as shielding slag in the nonferrous 
metallurgical industry, and as components 
in electroplating baths. Small amounts of 
boron and ferroboron were constituents of 
certain nonferrous alloys and specialty 
steels, respectively. Fiber optic material 
used borosilicate glass cladding. 

Many important but small-percentage 
end uses of borates and boron-containing 
chemical derivatives comprised a diverse 
miscellaneous category. Another group of 
borate compounds was sold to chemical 
distributors, but their ultimate end uses 
were unknown. 
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Table 2.—U.S. consumption of boron Table 3.—U.S. consumption of orthoboric 
minerals and compounds, by end use acid, by end use 
(Short tons of boron oxide content)! (Short tons of boron oxide content) 
End use 1982 1983 =  Endue 1982 1988 
oam doe insulation __________~- 57,800 91,400 Fire retardants: 
ire retardants: ic i i 
Cellulosic insulation... ls 31100 30200 —— Other mee To 1299 
4o ——MRÁ ea 1900 1,300 | Textile-gradeglassfibers. ----- 7,9719 9,659 
Textile-grade glass fibers_________ 31,600 58,800 Insulation-grade glass fibers __ _ _ 50 SES 
Borosilicate glasses `... 30,600 34,600 Borosilicate glasses ____________ 6,591 6,984 
Soaps and detergents |... 27,000 30,400 Metallurgy _________________ 696 792 
Enamels, frits, glazes -_____-__---- 11,400 11,200 Soaps and detergents ___________ 210 336 
Agriculture ______-___------- 10,800 14200 Enamels, frits, glazes ___________ 1,129 371 
Metallurgy cocos 3,00 3,800 Nuclear applications ___________ 511 154 
Nuclear applications ----------- 700 1,100 iculture -—--——-——-—---__ 155 194 
Miscellaneous uses ____________ 21,900 24,200 iscellaneous uses... 13,454 10,572 
Sold to distributors, end use unknown ~ _ 38,000 — 39,500 — Sold to distributors, end use unknown _ 10, 313 12,710 
Total za. ele 2266,100 340,700 Total. rr oe cee 53,496 — 51,586 


Includes imports of boric acid, colemanite, and ulexite. 
2Data do not add to total shown because of independent 
rounding. 


PRICES 


Prices for basic boron compounds remain- more than a decade that the price had not 
ed at 1982 levels. This was the first time in risen because of energy and/or labor costs. 


Table 4.—Borate prices per short ton! 


i Dec 51 1983 

Product (rounded 
dollars) 
Borax, technical, anhydrous, 99%, bulk, carlots, works? - - - -------------~---—---—----——- 564 
Borax, technical, granular, pentahydrate, 99.5%, bulk, carlots, works? __________________._ 201 
Borax, technical, granular, decahydrate, 99.5%, bulk, carlots, works? ____________________ 175 
Boric acid, technical, granular, 99.9%, bulk, carlots, works? ___________________ oo 552 
Boric acid, technical, granular, 99.9%, bags, carlots, works? ______________________ Le 597 
Boric acid, U.S. Borax & Chemical Corp., high-purity anhydrous, 97% B203, 100-pound bags, carlots, 

Boron, CA Soy Sa ga A A pA ac A See EE 2,161 
ocean American Borate Co., calcined and screened, minus 70-mesh, 42% B203, bulk, carlots, pa 

nh CA n d e usc e M eL Nd LL ee dece AL A e CAM sue LA UE 
Colemanite, American Borate Co., flotation concentrate (uncalcined), 37% B203, bulk, carlots, 

Dunn, CA EA AAA RA eh Eeer 318 
Colemanite, Turkish, 40%-42% B203, crude, lump, f.o.b. railcars, U.S. east coast port - ---—------— 400 
Ulexite-probertite, American Borate Co., screened, minus 7-mesh, 20% B203, bulk, carlots, 

Dunn, CA ........----- A EU ETE AE IA DOE 56 
Ulexite-probertite, American Borate Co., minus 200-mesh, 20% BgOs_ - ----o-oooooooo- 116. 


!U.S. fo.b. En or port prices per short ton of product. Other conditions of final preparation, transportation, 
quantities, and qualities not stated are subject to negotiation and/or somewhat different price quotations. 
2Chemical Marketing Reporter. Current Prices of Chemicals and Related Materials. V. 224, No. 26, Dec. 26, 1983, p. 29. 


FOREIGN TRADE 


Exports of boric acid increased 10% in Borate subsidiary, imported colemanite, ul- 
quantity and 8% in value. Data for crude exite, and boric acid from Turkey, principal- 
sodium borates were withheld because ly for use in textile-grade and insulation- 
there was only one producer for export. grade glass fibers. Brokers also imported 
Exports of refined sodium borates, as re- Turkish colemanite. Imports of boric acid 
ported by the producers, decreased slightly. ^ nearly doubled, according to the Bureau of 

Owens-Corning, through its American the Census. 


BORON 
Table 5 
by country 
1982 
Boric acid! 
Country 
Quantity Value 
(short (thou- 
tons) sands) 
Argentina -------------------——— 22 $25 
RT TEE 2,435 1,101 
PUNTO AA A es ooh E Se 
Belgium-Luxembourg Se eee eee tt es DRE Sa nen E 
Brazil 4.0. Se A td 353 216 
WC ET TEE 7,831 3,809 
Chilg.4 o ECL ed oa 15 16 
Colombia o 131 94 
Costa RICA. ia a A eh 10 11 
Czechoslovakia -____-____-___-_______ a me. 
Denmark. _______~________________ 169 102 
EGUBdOP ——— nece niu ecu 9 8 
El Salvador _______~_~_____~_________ A See 
EE 246 244 
Finland AAA A 21 13 
e A SN 6 451 
German Democratic Republic ___________ E e 
Germany, Federal Republic of ___________ SE - 
Greece _____~___~_________ oo Ge AA 
Guatemala o o 4 4 
HA mc m o es ee ce en E 
Honduras uc x Lern nee 25 
Hong Kong ------------------—-—- 178 109 
MUNG EY oc oo gf eg Hes TON eis 
Indi EENEG aum 
Indonesia _______________________ 143 89 
Ireland. A Lee 3 1 
ISPAG] REESEN 31 25 
Haih as tcl need Ee ee "y Se 
Ivory Coast. uc dia Eun um E 
amaica Lin sl c uis AL ds — 
Japan us eomm eee due eheu es 15,435 8,511 
Kenya _____-_-_--__-~ TEE = ae 
Korea, Republic of... 559 376 
Leeward ¡OE AAA a We? deeg 
(E, TEE EE ase S 
Malaysia PIER 90 62 
MEXICO o llle round Laudo cure anl 3,382 1,631 
Morocco A A eee — 
Netherlands ` 254 174 
New Zealand ` 222222 154 413 
Nicaragua M a "^ 
ie LEE ous m 
IA e s nee eL. TT pm 
Panama. e e erant ee d e 
Papua New Guinea ________________-_ 323 172 
EEN ct el ress las la E Së 
Philippines -—-—----------------——— 604 244 
Portugal oia St a ts pt ae 
Puerto Rico ` ~____._~_~ ~~ A ee eae er 
Saudi Arabia _____________________ 11 4 
4 uo nee ee es O Se 
Singapore _______________________ 186 107 
South Africa, Republic of... 31 30 
EI ee " c 
Sn Danka- 2o ctc cA aue io educ: 18 11 
WON: i LIE NE E 
Breed "Ne "M 
Switzerland -------------------—-—- MN " 
EE 1,086 596 
ERE RYN <= i ee 162 119 
Tunisia pa do te ee els Kap a 
United Kingdom _________~_~_ ~~ ~_____ 11 12 
Urugúay Sta ni is cee 6 4 
Venezuela_______________________ 356 233 
Yugoslavia — - ------------------——- a = 
Big Di a oe) Spey ee ie ou Se 
Zimbabwe _______________________ aes Sp 
Other nur ad ti e ld eos » F130 ™60 
Total EEN 35,030 19,082 
"Revised. 
1Bureau of the Census. 
"US exporters of sodium borates. 
3Less than 1/2 unit. 


1,558 


221,404 


*Includes China, Madagascar, Malawi, Nigeria, and the United Arab Emirates. 
"Data may not add to totals shown because of independent rounding. 


«U.S. exports of boric acid and refined sodium borate compounds, 


1983 
Boric acid? 
Quantity Value 
(short (thou- 
tons) sands) 
2.916 $1,450 
744 358 
5,053 2,450 
2 4 
209 136 
12 6 
325 77 
3 4 


1 
18,708 
1,565 
3 

6 


53 
5,093 


651 


38,498 


155 


224,672 


156 
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Table 6.—U.S. imports for consumption of boric acid, by country 


Country 


Quantit 
(thousands) 


Argentina 
Canada 
France 


Tur 


1U.S. Customs declared values. 
2Less than 1/2 unit. 


1982 1983 
tity Value! Quantit Value! 
(short ioni) (short tone) (thousands) 
unt 734 $264 1,286 $485 
PER (2) 1 a 5" 
SEN 52 40 139 105 
Se (2) 3 (2) 4 
oe 470 203 956 408 
ES 20 4 EE ae 
SS 3,086 1,389 5,500 2,453 
22 E ace (2) 1 
x 4,362 31.903 7,881 3,456 


3Data do not add to total shown because of independent rounding. 


Source: Bureau of the Census. 


WORLD REVIEW 


Argentina.—On the Tincalayú salt flats 
in the Salta Province of the Salar del 
Hombre Muerto Basin,  Boroquímica 
S.A.M.I.C.A.F., a subsidiary of Borax Hold- 
ings Ltd. continued to operate South 
America's largest mine which had a capaci- 
ty of about 150,000 tons per year of tincal, a 
sodium borate mineral. The Tertiary Age 
deposit was located at an altitude of 14,000 
feet in a remote location near Arequipa. 
The ore was refined at Campo Quijano, 
which had a capacity to produce 30,000 tons 
of boron oxide. Exports of boron minerals 
and compounds in 1982 included 4,000 tons 
of processed borates, 46 tons of colemanite, 
327 tons of calcium and magnesium borates, 
and 102 tons of sodium borates. 

Bolivia.—A field team, including geolo- 
gists from the U.S. Geological Survey, dis- 
covered industrial minerals in the Salar de 
Uyuni. Exploration of the deposit contin- 
ued. The salar is a playa-type deposit con- 


taining boron reserves estimated at 3.5 
million tons. 

Canada.—Borates were discovered in con- 
junction with halite, sylvite, anhydrite, and 
red mudstone of the Windsor Group of 
Mississippian Age in New Brunswick. This 
was the first discovery of borates in Canada. 

Chile.—Corporación de Fomento de la 
Producción (CORFO), a Government-con- 
trolled company, continued to seek interna- 
tional tenders to develop potassium salts 
and boric acid at Salar de Atacama. CORFO 
planned a 31,000-ton-per-year plant to pro- 
duce boric acid as a byproduct of potash 
production. 

China.—About 25,000 tons per year of 
boron minerals had been produced in 
Qinghai and Liaoning Provinces. It was 
reported that boron production during 1981 
was unable to meet immediate local de- 
mand. 


Table 7.—Boron minerals: World production, by country! 


(Thousand short tons) 
Country 1979 1980 1981 1982P 1983* 
Argentina — FOE HERFORD ANN ™146 172 138 136 153 
Chile: iih. ee a eee LE 3 7 4 (2) (2) 
e Er 30 30 30 30 30 
Per nuce oleo cb e i ee et ee 1 18 15 14 
SEI os A cime e 7175 883 929 868 730 
USSR ud ct a co ci di ES. pus 220 220 220 220 220 
United States? ____________________.. 1,590 1,545 1,481 1,234 41,303 
Total. oeste: ti il a P 2,777 12,877 2,820 2,503 2,450 
*Estimated. Preliminary. "Revised. 


1Table includes data available through May 2, 1984. 
2Less than 1/2 unit. 


3Minerals and compounds sold or used by producers, including both actual mine production and a marketable 


equivalent of brine products. 
*Reported figure. 


BORON 


Mexico.—Drilling to define boron miner- 
al reserves continued at Material Primas 
Magdalena, a joint venture between Vitro 
Corp. and U.S. Borax. 

Turkey.—A new mining law became ef- 
fective on June 13. Private sector boron 
operations had 18 months from that date to 
sell their remaining stockpiles, after which 
Etibank was to become the sole supplier 
of Turkish boron minerals. During 1982, 
655,000 tons of concentrates was sold. Pro- 
duction capacity was 1.5 million tons per 
year of concentrates. Production of boron 
minerals had decreased by 23% since 1981, 
the record high year. During 1982, 460,000 
tons of various boron ores and compounds 
was exported, and exports of boron minerals 
and products to the United States was 
valued at $8 million. Borate exports during 
1983 included colemanite, tincal, ulexite, 
decahydrate and pentahydrate borates, an- 
hydrous borax, boric acid, and sodium per- 
borate. Etibank. proceeded to form distribu- 
torships to supply the world market, but 
announced plans to remain open to direct 
negotiations with major customers. Etibank 
estimated reserves of 990 million tons of 
borate ore. 

Etibank planned to begin operating a 
160,000-ton-per-year pentahydrate borax 
and a 60,000-ton-per-year anhydrous borax 
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plant at Kirka. Plans to build a borax 
research facility at Kirka during 1984 were 
announced. A 100,000-ton-per-year boric ac- 
id plant was under construction at Bandir- 
ma and was to be in operation by yearend 
1984. 

Infrastructure improvements during 1983 
for transportation of borates included a 
loading facility at Degirmenozu (Kirka), 
special railway cars, and a wharf at Bandir- 
ma. The port had a facility for simultaneous 
loading bulk or bags for two 20,000-dead- 
weight-ton-vessels at a rate of 400 tons per 
hour.’ 

U.S.S.R.—Western Kazakhstan was the 
only region in the U.S.S.R. where signifi- 
cant reserves of boron and potassium had 
been discovered alongside large phosphate 
reserves. Expansion of production of the 
borate ores was planned during the 11th 5- 
year plan beginning in 1981. A significant 
increase in borate fertilizers was planned.‘ 

During 1983, a process was developed for 
boron extraction from brine of the Volgog- 
rad salt-bearing zone of the Gulf of Kara- 
Bagaz-Gol and the Sivash (lagoon). A by- 
product of the process was chloromagne- 
sium brine which was processed into high- 
purity magnesium oxide for metallurgical 
uses. 


TECHNOLOGY 


Refined tetraborates, such as borax, were 
used to convert inorganic ammonium salts 
to ammonium pentaborate tetrahydrate 
(AB5) and methanol. The ammonium tribo- 
rate, which forms as an intermediate dur- 
ing the process, passed the Consumer Prod- 
uct Safety Commission's regulations for use 
on cellulosic insulation and was proven to 
be noncorrosive to copper, steel, and alumi- 
num. The ammonium triborate reacted 
with moisture in the air to release ammonia 
and methanol. A different one-step process 
reacted tetraborate ore in methanol with 
aqueous ammonia and aqueous sulfuric acid 
to produce an AB5-sodium sulfate mixture. 
The AB5 produced by the one-step process 
was expected to sell for 33% to 50% less 
than the current market price of $1,420 per 
ton for granular AB5. AB5 can be hot 
sprayed onto a variety of substrates or used 
in combination with other chemicals as 
flame retardants for plastics and natural 
and synthetic fibers and fabrics. Thermtron 
Inc. planned to license the patented tech- 
nology.' 


General Motors Corp. announced a rare- 
earth compound that could replace ferrite 
magnets in starter motors of 1986 model 
year automobiles. The new material con- 
tained a rare earth (R), iron (Fe), and boron 
(B) substance in the molar ratio R¿Fe,,B. 
Neodymium and praseodymium produced 
magnets with the highest energy. The 
search for a new magnetic material had 
begun in 1978 when the price of cobalt rose 
during a temporary supply interruption.* 

The U.S. Electric Power Research Insti- 
tute awarded contracts for research on 
transformer core materials. Allied Chemi- 
cal Corp.’s Metglas Products Div. was 
awarded a 5-year, $8 million contract to 
study an economic process to produce Met- 
glas. Metglas is a mixture of iron, carbon, 
and boron or silicon that becomes amor- 
phous when rapidly cooled. A common com- 
position is 92% iron, 396 boron, and 5% 
silicon by weight. Metglas requires less 
energy to become magnetized than conven- 
tional steels. The Osaka Transformer Co. 
Ltd. of Japan demonstrated a 67% decrease 
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in core losses, and aging tests demonstrated 
that the amorphous metal core could be 
expected to exceed the life of other trans- 
former core materials. Westinghouse Elec- 
tric Corp. was awarded a $1.2 million con- 
tract to design, build, and evaluate trans- 
former cores, including an amorphous met- 
al transformer core.’ 

Ulvac Coating Corp. developed a boron 
fiber with a tensile strength higher than 
that of carbon fibers. The boron fiber was 
produced by coating a fine tungsten wire. 
The process was in production.’ 

Colemanite was added as coarse aggre- 
gate to concrete for nuclear shielding. Bo- 
ron was also added as a frit formed by the 
fusion of boric acid, limestone, silicate, and 
aluminum oxide. It was determined that 
use of polymer coating on the boron addi- 
tive, to reduce solubility, allowed the boron 
content of the concrete to be increased by a 
factor of four.? 

Glass fiber-based mattress ticking, bed- 
spreads, draperies, pillows, and wall cover- 
ings were used in a model fire-resistant 
motel room. The added protection increased 
costs by about 10% over those of conven- 
tional materials. The material could pro- 
long the time from ignition to flashover by a 
factor of five.’° 

PPG Industries developed a titanium di- 
boride ceramic powder trade named Sin- 
trium. A process to fabricate the powder 
into dense electrically conductive shapes 
was available for licensing." 

Semiconductor layers of P-type amor- 
phous silicon carbide and boron were devel- 
oped for use in solar cells. The layers were 
produced in plasma furnaces on glass sub- 
strates with indium- and tin-oxide elec- 
trodes. The solar cells contained three dif- 
ferent types of semiconductor layers that 
produced conversion efficiencies of 12%. 
The development was a joint effort of Mr. 
Yoshihiro Hamagawa and Kanegafuchi 
Chemical Industry Co. of Japan.?? 

Triphenylboron (TPB) was used as an 
intermediate in preparing an organoboron 
compound and as a mild phenylating agent 
and had potential for use in preparing fuel 
additives. Commercial quantities of TPB 
were offered by E. I. du Pont de Nemours & 
Co. Inc 

Iron borides were being studied as cata- 
lysts for the production of high-octane ali- 
phatics and alcohols.'* 

A corrosion-inhibiting solution contain- 
ing boric acid was developed for use in a 
closed-loop heat exchanger. The boric acid 
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reduced alkalinity by forming a boric acid- 
borate buffer with a pH of 8.3. No pitting or 
signs of corrosion were detected on copper, 
bronze, or Muntz metal. Samples of stain- 
less steel, aluminum, and steel were also 
tested.'5 

The Japanese National Research Insti- 
tute on Inorganic Materials of the Office of 
Science and Technology used a strontium 
catalyst to produce a 2.2-millimeter-diam- 
eter cubic boron nitride crystal. Cubic boron 
nitride, which is comparable to diamond in 
hardness, was used for grinding hardened 
steel or abrasive cutting. The quantity of 
cubic boron nitride consumed worldwide 
was reportedly about 2 tons per year, or 
about one-tenth that of diamonds.!* 

Boron-containing compounds were stud- 
ied for their effectiveness in facilitating 
destruction of tumors by neutron bombard- 
ment therapy. Boron cannot easily pene- 
trate a normal cell wall, but can enter 
tumorous tissue. A purified boron-con- 
taining substance was found to be capable 
of attaching itself to tumor proteins. The 
substance is injected one-half day before the 
neutron therapy. After 5 years, 33% of the 
patients without previous treatment who 
received the boron compound treatment 
were alive.” | | 

Commercial glass requires 10 to 20 differ- 
ent oxides in relative quantities that must 
be closely controlled to reach the desired 
end product. A computer programed with a 
raw material data base was used to consider 
both physical and chemical properties of 
raw materials for optimum glass formula- 
tion. Pentahydrate borax was the highest 
unit- and fractional-cost material, repre- 
senting 28% of the $71.88-per-ton cost for 
batch glass.!* 

Glass fiber brushes proved to be an eco- 
nomical and efficient tool for polishing met- 
als. Each brush consisted of 2,000 tiny fila- 
ment tips.!? 


! Physical scientist, Division of Industrial Minerals. 

"US. Department of Justice. Press Release. May 26, 
1983, 4 pp. 

3Industrial Minerals (London). Borates in Turkey—An 
Interview With Muammer Ocal, General Director of Eti- 
bank, 29 September 1983. No. 195, Dec. 1983, pp. 63-65. 

*Miletskiy, B. Improvement of Kazakh Mining Industry 
Suggested. ts. Ind., Moscow, June 2, 1983, p. 2. 

Chemical & Engineering News. Technology. V. 62, No. 
8, Feb. 20, 1984, pp. 36-37. 

Science News. APS-Rare Earth Magnets Attract Atten- 
tion. V. 125, No. 14, Apr. 7, 1984, p. 212. 
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Bromine 


By Phyllis A. Lyday! 


Domestic production of bromine sold or 
used during 1983 was estimated at 370 
million pounds valued at $91 million. The 
largest single use for bromine was in the 
manufacture of ethylene dibromide (EDB), 
much of which was used as a scavenger for 
lead in gasoline. During the year, the Envi- 
ronmental Protection Agency (EPA) set 
new regulations for the use of EDB as a soil 
and space fumigant. The Federal Trade 


a 


Commission (FTC) and Great Lakes Chemi- 
cal Corp. reached a tentative agreement on | 
the acquisition of Velsicol Chemical Corp. 
by Great Lakes. 

Domestic Data Coverage.—Domestic pro- 
duction data for bromine are developed by 
the Bureau of Mines from a voluntary 
domestic survey of U.S. operations. Of the 
nine operations to which a survey request : 
was sent, one responded, representing an 


Table 1.—Salient bromine and bromine compound statistics 
(Thousand pounds and thousand dollars) 


1979 1980 1981 1982 1983 
United States: 
Bromine sold:! 
Quanuty roc A 67,600 52,192 60,790 (2) (2) 
Valie xo lc lu A LAU m VLLL Mt. $15,100 $12,500 $11,000 (2) (2) 
Bromine used 
QUADS A ee 429,700 325,978 316,307 (2) (2) 
Vallecas hh i See rt EN $98,200 $83,100 $75,100 (2) (2) 
Exports: 
Elemental bromine: 
Quantity. AA 310,100 38.100 Ww NA 14,500 
CHE 3$2,100 391,700 sw NA 431,000 
Bromine compounds: | 
Gross weight... LLL LLL LL LLL Lor 92,800 85,400 67,500 555,600 561,300 
Contained bromine- - - - -- ------------ 77,600 70,400 56,000 547,200 552,000 
Malup. oni a eg $35,500 $35,900 $33,100  5$21,100  5$21,600 
Imports:* 
Elemental bromine: 
Quantity == cc o - 34 1 ($) ($) ($) 
Valle iaa a ed dci le tL $5 $5 (6) ($) (6) 
Ethylene dibromide: 
vend A c PP RR 193 861 644 HN 16 
cc TEES v EM pre $33 $165 $139 es $11 
Polassiain bromide: 
antity AAA IE 794 667 107 281 436 
alie. —— a e e $536 $457 $80 $204 $303 
Sodium bromide: 
Bntty A AA A 2,190 310 20 645 2,534 
TEE EE $1,056 $201 $12 $423 $971 
World: Production... 888,785 . "756,105 758,806 P826,963  *795,770 


*Estimated. 
data 


PPreliminary. TRevised. NA Not available. 


W Withheld to avoid disclosing company proprietary 


¡Elemental bromine sold as such to nonproducers, including exports, or used in the preparation of bromine compounds 


by Primary U.S. producers. 


Bromine sold or used estimated at 401 million pounds in 1982, valued at $103 million, and 370 million pounds in 1983, 


valued at $91 million. 


Exports reported to the Bureau of Mines by primary producers. 


*Bureau of the Census. 


5Bureau of the Census. Includes methyl bromine and ethylene dibromide. During 1981 and 1982, 165,000 and 390,000 


pounds of potassium bromate were reported, respectively. 
Negligible amount. 
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estimated 1% of the total production shown 
in tables 1 and 5. Production for the eight 
nonrespondents was estimated using report- 
ed prior year production levels adjusted by 
trends in employment and other guidelines. 

Legislation and Government Pro- 
grams.—On September 18, EPA suspended 
registration of EDB as a soil fumigant. Soil 
fumigants account for 95% of the use of 
EDB as a pesticide. Of the 105 million 
pounds of EDB produced annually, about 20 
million pounds was used as a pesticide; the 
balance was used as an antiknock additive 
in gasoline.2 EDB was approved in the 
1940’s as a pesticide, but recent tests have 
found the substance to be a potential rodent 
carcinogen and to be responsible for repro- 
ductive disorders in test animals. Exposure 
to EDB has been found to result in damage 
to the kidneys, liver, spleen, eyes, and skin, 
as well as the nervous, circulatory, and 
respiratory systems. Dibromochloropropane 
(DBCP) and EDB became controversial in 
1975 when a National Cancer Institute 
study indicated that the pesticide induced 
cancer in laboratory animals. Later studies 
showed EDB to be a mutagen.? EDB was 
used as a control of nematodes in soil. EPA 
also announced the cancellation of the use 
of EDB for disinfecting grain milling ma- 
chinery, for controlling pests in stored 
grain, and for the fumigation of fruit and 
other agricultural produce. It appeared that 
the cancellation could be delayed for public 
hearings, but the suspension would remain 
in effect during the appeal proceedings. 
Quarantine fumigations of citrus fruits and 
vegetables with EDB were to be canceled 
effective September 1, 1984. 

Florida suspended the use of EDB at the 
end of July after traces of EDB were found 
in ground water.‘ Industry sources cited the 
contaminations from spills and misuse, not 
from soil fumigation.’ Of 300 wells tested in 
Hawaii, 5 showed suspected detectable 
traces of EDB from spills or nonagricultural 
uses. California suspended the use of EDB 
in four counties when ground water con- 
tamination was suspected. None of these 
wells have had EDB traces confirmed at 
present. 

The EPA standard of 1.10 grams of lead 
per gallon of leaded gasoline went into 
effect July 1. Small refineries were on a 
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sliding scale that took effect in February. 

An exemption for methyl bromide used to 
control blueberry maggots and plum curcu- 
lios on blueberries was granted by EPA. 
Provisions require a maximum rate of 32 
grams per cubic meter for 2.5 hours at 72° F. 
Treated blueberries are required to be aer- 
ated for a 24-hour period.* 

EPA announced that 34 pesticides includ- 
ing Bromophenoxim are facing possible sus- 
pension because of invalid health effects 
testing." EPA also proposed that 70 chemi- 
cals, including carbon tetrabromide and 
brominated methanes, having a potential to 
produce polychlorinated biphenyls (PCB) 
would be covered by PCB criteria regula- 
tion.® 

The Consumer Product Safety Commis- 
sion (CPSC) voted not to require exported 
products to meet U.S. flammability stand- 
ards. CPSC interpreted that the Flammable 
Fabrics Act (1978) intended that the deci- 
sion to implement standards lies with the 
importing government. Although the inter- 
pretation did not cause direct damage to the 
brominated flame retardants industry, it 
did limit a potential growth area for bro- 
mine. 

The Occupational Safety and Health Ad- 
ministration (OSHA) proposed standards to 
protect workers exposed to EDB. OSHA 
proposed reducing the maximum worker 
exposure limit for EDB from 20 parts per 
million to 0.1 part per million averaged over 
8 hours. A short-term exposure limit of 0.5 
part per million over 15 minutes was also 
proposed. OSHA proposed an action level of 
0.05 part per million for the level at which 
monitoring and medical surveillance would 
be required. The use of respirators and 
worker training and education would also 
be required. The OSHA decision was the 
result of a Teamsters Union petition for an 
emergency standard at the time small 
amounts of EDB were being used to control 
the spread of the Mediterranean fruit fly. 
Rather than issue an emergency standard, 
OSHA initiated regular rulemaking proce- 
dures to produce new permanent standards 
for EDB.? Industry epidemiology data show- 
ed the incidence of cancer for workers 
exposed to EDB to be less than for the 
general populace.!^ 
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DOMESTIC PRODUCTION 
Domestic production of elemental bro nate flame retardant used in standard and 
mine decreased approximately 8%. Five  polyester-based flexible polyurethane 
companies operated nine plants in two  foams. 


States. A slight production increase in the 
leading State of Arkansas was attributed to 
increased demand for brominated flame 
retardants, which counteracted the ban on 
EDB. Michigan experienced a decrease in 
production of bromine. 

Ethyl Corp. increased its capacity to pro- 
duce decabromodiphenyl oxide (DBDPO) at 
Magnolia, AR, by 50%. DBDPO, a major 
flame retardant, is used as an additive in 
high-impact polystyrene and formulations 
of polypropylene, polyethylene, engineering 
plastics, and industrial fabrics. In January, 
Ethyl completed a 40% production capacity 
increase for calcium bromide. A sodium 
bromide plant was completed in April. A 15- 
million-pound-per-year tetrabromobis- 
phenol-A facility was due to be completed in 
early 1984. 

Great Lakes produced a key brominated 
intermediate for the pyrethroid compound 
Fenvalerate developed by Sumitomo Chemi- 
cal Co. and marketed by Shell Chemical Co. 
Photostable pyrethroids are examples of 
natural-product-based insecticides that are 
safe to mammals and act against a range of 
pests. The pyrethroid is protected against 
interfering with the metabolism process of 
plants but on soil is readily broken down by 
microorganisms to harmless products. The 
brominated intermediate is projected to be 
a high-profit growth area for bromine. 
Great Lakes moved its methyl bromide 
formulating and blending facility from Ir- 
vine, in the Los Angeles area, to Bak- 
ersfield, CA. In July, Great Lakes complet- 
ed an expansion of the manufacturing fa- 
cilities for DE-60F, a proprietary bromi- 


Great Lakes and FTC reached a tentative 
agreement concerning the Velsicol facilities 
acquired by Great Lakes during 1981. The 
tentative agreement would prohibit Great 
Lakes from acquiring any domestic and 
certain foreign concerns engaged in the 
production of elemental bromine or bromi- 
nated flame retardants without prior FTC 
approval for a period of 10 years. The order 
would also require that Great Lakes grant 
PPG Industries Inc. all the latest technolo- 
gy and know-how on brominated flame 
retardants acquired from Velsicol. 

Great Lakes would be required by FTC to 
enter into a different agreement that would 
govern the operation and ownership rights 
of Arkansas Chemicals Inc., a 50-50 joint 
venture facility with PPG. The agreement 
would eliminate certain restrictions on the 
use of bromine purchased from Arkansas 
Chemicals by PPG; allow PPG to use Ar- 
kansas Chemicals bromine in the produc- 
tion of all brominated compounds, including 
flame retardants; and require Great Lakes 
to purchase a specified amount of bromine 
from Arkansas Chemicals annually.!! PPG 
discontinued production of EDB at its 
antiknock production unit at Beaumont, 
TX, during the first quarter of 1983. 

The Dow Chemical Co. announced plans 
to construct a calcium bromine plant by 
1985. Six former Occidental Chemical Co. 
workers were awarded $5 million in dam- 
ages against Dow because of Dow’s failure 
to inform the workers of the potential 
health effect of DBCP. DBCP had been 
banned in 1979 because of significant sperm 
count abnormalities. '? 


Table 2.—Bromine-producing plants in the United States in 1983 


Elemental 
piod oromine 
uction plant 
State and company County Plant ure capacity! 
(million 
pounds) 
Arkansas: 
Arkansas Chemicals Inc. Union .... El Dorado _ _ Well brines _ _ 50 
The Dow Chemical Co -------------- Columbia .. Magnolia _ ` a TO pos te 110 
Bthel Core EE ic Os ir aa O: is OA, AA 160 
Great Lakes Chemical Corp... Union ---- El Dorado _ - O Ge 105 
DO cu e Se eats oe Esa Set > Le PEA Marysville _ _ ----d0 ot 80 
DO. 3 naa a Las edo ici aed eo El Dorado - _ SE, |: gs ss 50 
Michigan: 
The Dow Chemical Co |... ..........- Mason ` Ludington _ _ EE, GE 20 
A Ee Midland Midland _ ` ` vin SOY ei 85 
Morton Chemical Co. Manistee _ .. — Manistee_ _ _ E, Ve WEE 25 
OU DEE 665 


1Chemical Marketing Reporter. Chemical Profile. V. 221, No. 17, Apr. 26, 1982, p. 58. 
2Chemical Marketing Reporter. Chemical Profile. V. 203, No. 20, May 14, 1973, p. 9. 


164 


MINERALS YEARBOOK, 1983 


CONSUMPTION AND USES 


Demand for EDB decreased because of 
less demand for leaded gasoline and as a 
consequence of the regulation of lead levels 
in gasoline that became effective in 1982. 
Methyl tertiary butyl ether was cited as a 
potential substitute for lead but at nine 
times the cost.!? The ban on EDB as a space 
and soil fumigant was expected to further 
decrease the demand for EDB by approxi- 
mately 20 million pounds during 1984. 

In 1982, it was estimated that approxi- 
mately 25 million pounds of additive chlori- 
nated and brominated phosphate esters and 


approximately 20 million pounds of additive 
brominated chemicals were used in flame 
retardants. Bromine compounds slow or 
stop flame generation by interfering with 
the chain reaction mechanism of combus- 
tion. Antimony trioxide, antimony pentox- 
ide, and zinc borate have a synergistic effect 
in combination with brominated flame 
retardants." 

Hydrocarbon well drilling was estimated 
as 89% of the 1982 record, but brominated 
derivatives used in oil and gas drilling were 
not as severely affected as clay and barite. 


PRICES 


Ethyl announced increases for bromine 
effective January 1, 1984, to 33 cents per 
pound. Calcium bromide solution from 
Ethyl increased to 25 cents per pound at 
yearend 1983. The price increases were 
attributed to increases in the price of chlo- 
rine and higher operating costs. 


Ameribrom Inc., the major importer of 
brominated compounds, announced price 
increases for food-grade sodium bromate 
and powdered potassium bromate to $1.75. 
per pound. Prices for ammonium bromide 
increased to $1.27 per pound. 


Table 3.—Yearend 1983 prices for elemental bromine and selected compounds 


Value per 
Product pound (cents) 

Ammonium bromide, national formulary (N.F.), granular, drums, carlots, truckloads, freight equalized 125 -127 
Bromine, purified: 

Carlots, truckloads, delivered: - - - - - —- - - - - - - - -- - - —- - -= —————-——-——-——————— SN 75 

Drums, carlots, truckloads, delivered east of the Rocky Mountains'____________________ 87 

Bulk tank car, tank trucks (45,000-pound minimum), delivered east of the Rocky Mountains! _ _ _ _ 33 - 34.5 
Bromochloromethane, drums, carlots, f.o.b. Midland... - - - --- --------------—---——— 112 
Calcium bromide, bulk, 14.2 pounds per gallon at 60° F, f.o.b. works? _____________________ 20.0- 23.5 
Ethyl bromide, technical, 98%, drums, carlots, freight allowed, ¡A EDEN 76 
Ethylene dibromide, drums, carlots, freight ualized Ee 38 - 46 
Hydrobromic acid, 48%, drums, carlots, truckloads, f.o.b. works ~- _-§_____________________ 38.5 
Hydrogen bromide, anhydrous, cylinders, extra, 30, 000 pounds, f.o.b. works -________-__-____._ 700 
Methyl bromide, distilled, tanks, 140,000-pound minimum, freight allowed _________________ 56.75 
Potassium bromate, , granular, powdered, 200-pound drums, carlots, f.o.b. works ______________ 106 
Potassium bromide, ., granular, drums, carlots, f.o.b. works — -—-------------------—— 112 
Sodium bromide, 99% granular, 400-pound drums, freight, fob.works. _________________._-_ 104 


! Delivered prices for drums and bulk shipped west of the Rocky Mountains, 1 cent p pound per Bulk truck prices 


1 to 2.5 cents per pound higher for 30 ,000-pound minimum and 4 to 5. 5 cents per poun 


2Reported to the Bureau of Mines by primary producers. 


higher for 15,000-pound minimum. 


Source: Chemical Marketing Reporter. Current Prices of Chemicals and Related Materials. V. 224, No. 26, Dec. 26, 1983, 


pp. 28-34. 


FOREIGN TRADE 


Exports of  bromine-containing com- 
pounds increased during the year. The ma- 
jority of these exports was EDB. Other 
compounds exported included those for use 
in well completions, flame retardants, and 
agriculture. 

Approximately 84% of imports of bro- 
mine and bromine compounds reported by 
the Bureau of the Census was from Israel. 


The closer proximity of Israel to overseas 
markets gave Israeli bromine an advantage 
in transportation costs compared with U.S. 
exports. Other countries from which bro- 
mine and bromine compounds were import- 
ed by the United States were the United 
Kingdom, 9%; and France, 5%. These im- 
ports included sodium bromide, 69%; potas- 
sium bromate, 19%; potassium bromide, 
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12%; and negligible amounts of elemental 
bromine and EDB. Because imported bro- 
mine compounds are contained in many 
products, some of the compounds are not 
easily identified through Census data. 

Israel was given Generalized System of 
Preference eligibility status with de mini- 
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mis waiver for potassium and sodium bro- 
mide. The de minimis provision allows the 
President to waive the 50% competitive 
need limit in cases where total U.S. imports 
of an item in 1982 did not exceed $1.3 
million. 


WORLD REVIEW 


Canada.—The Canadian Government an- 
nounced plans to set lower levels of lead in 
gasoline. The 1983 lead content limit was 
0.77 gram per liter. The decrease in lead 
would adversely affect U.S. EDB exports to 
. Canada for use in leaded gasoline. 

Israel.—Bromine and bromine com- 
pounds were produced by Bromine Com- 
pounds Ltd., a 50-50 venture between Dead 
Sea Works Ltd. (DSW) and Dead Sea Bro- 
mine Co. Ltd. (DBC). DBC was 100% owned 
by DSW. DSW was 89% owned by Israel 
Chemicals Ltd. (ICL) and 11% by public 
stock. The ICL directors were actively 
involved in management of the whole 
group. The bromine companies had been 
unprofitable because of technical and mana- 
gerial reasons despite Government assist- 
ance through tax rebates, grants, preferen- 
tial financing, and regional development 
aid. Custom-designed bromine-isotank con- 
tainers, additional plant capacity, new ad- 
ministrative facilities, and research on new 
manufacturing and production processes re- 
quired large capital investments.!5 Substan- 
tial salary expenses had been incurred for 
employees called for temporary military 
duty.'* Bromine production in Israel is as a 
byproduct of potash, chlorine, and caustic 
soda. The bromine portion of the group had 
200 personnel working a 3-shift day, 7 days 
per week. The bromine compounds plant 
was located at Ramat Hovav and began 
operating in 1982. Equipment was still 
being transferred from the old plant at 
Beersheba. The new plant accounted for 


50% to 55% of world trade in bromine 
compounds. At completion, the new plant 
was expected to triple the capacity for 
production of bromine compounds.'* DBC 
completed a 1-million-pound-per-year ex- 
pansion of its sodium and potassium bro- 
mate electrolysis plant to a total capacity of 
10 million pounds.!? An expansion to 220 
million pounds of bromine compounds was 
to be completed by 1984. 

Jordan.—Jordan began production of pot- 
ash from Dead Sea brines at the Arab 
potash project near Amman. The brines 
contained 0.48% by weight magnesium bro- 
mine. Future projects include plans for a 60- 
million-pound-per-year bromine and bro- 
mine derivatives plant.?" 

United Kingdom.—The British Govern- 
ment announced a switch to lead-free gaso- 
line by 1990. This decision adversely affects 
Associated Octel Co. Ltd., which produces 
EDB for use in Europe and employs about 
2,700 workers. European Economic Commu- 
nity (EEC) guidelines did not allow the 
banning of leaded gasoline in Europe. Eu- 
rope had been slow to reduce lead in gaso- 
line. Lead contents of 0.40 gram per liter 
had been normal, and some countries had 
lead rates as high as 0.64 gram per liter. 
EEC was expected to institute new guide- 
lines on lead-free gasoline by April 1984. 
Eight countries accounting for 60% of gaso- 
line consumption in Europe were expected 
to be at the 0.15-gram-per-liter minimum by 
1986. 
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Table 4.—World bromine plant capacities and sources 


Capacity 
Country and company Location (million Source 
| pounds) 
Australia: 
| P CMT CUM E Adelaide _ _ __ NA Seawater. 
China: | 
NA AA RO Iksaydam ... NA . Underground brines. 
France: 
Ato Chem France... Port-de-Bouc_ _ 30 Seawater. 
Mines de Potasse d'Alsace S.A _______________ Mulhouse ... 19 Bitterns of mined potash 
production. 
Germany, Federal P Republic of: 
Kali und Salz AG: 
Bergmannssegen-Hugo Mines _ Lehrte _____ A Ge 
Salzdetfurth Mine ~~ ~~ ________ Bad 
Salzdetfurth. 
India: 
Hindustan Salts Ltd - -------------------- Jaipur _____ 
Mettur Chemicals. _ Mettur Dam _ _ 1.6 Seawater bitterns from 
salt production. 
Tata Chemicals `- -— -------------------—- Mithapur_ _ _ _ 
Israel: 
Dead Sea Bromine Co. Ltd - - - ------------—-- Beersheba - _ _ 154 Bitterns of potash produc- 
tion from surface 
rines. 
Bee E 
ietà Azionaria Industrial Bromo Italiana. _— ___ _ Margherita di 2 Seawater bitterns from 
Savoia. salt production. 
Japan: 
Asahi Glass Co. Ltd - -—-- ncm Kitakyushu . — 9 Seawater bitterns. 
Nd Soda Manufacturing Co. Ltd ____________- Nanyo ....- 26 Do. 
“Derivados del Etilo S.A -——--------------——— Villaricos `. — 2 Seawater. 
EE NA ee 150 Underground brines. 
United Kingdom: 
Associated Octel Co. Ltd - - - - --------------- Amlwch .... 66 Do. 
NA Not available. 
Table 5.—Bromine: World production, by country! 
(Thousand pounds) 
Country? 1979 1980 1981 1982P 1983* 
¡a Map E a E Ó 41,888 36,332 *36,000  * €20,000 22,000 
Germany, Federal Republic of ------------------ 8,862 78,832 7,864 6,775 6,700 
AA A qoo A 660 736 €770 €770 770 
Israel: uti eet a nee eee 101,000 97,133 97,047 154,000 154,000 
A A AO 1,300 1,300 1,280 1,320 1,100 
der Zeen E Ll Scenes ch dt nie te risas 26,500 26,500 26,500 26,500 26,500 
JAI RA 900 900 700 
¡IR AA A A SA 146,000 148,000 150,000 150,000 150,000 
United Kingdom_ A AS 64,375 58,202 60,848 65,698 64,000 
United States” EE 497,300 378,170 377,097 401,100 370,000 
A A LA LA te 


*Estimated. Preliminary. "Revised. 
1Table includes data available through Apr. 25, 1984. 


888,785 "756,105 758,306 826,963 795,770 


2In addition to the countries listed, several other nations produce bromine, but output data are not reported, and 
available general information is inadequate for formulation of reliable estimates of output levels. 


3Sold or used by producers. 


TECHNOLOGY 


In November, Duke Power Co. began 
using an experimental battery, with an 
aqueous zinc bromine electrolyte, to supply 
a small portion of electrical demand at the 
corporate headquarters in Raleigh, NC. The 
experimental system consisted of 40 battery 
modules with a capacity of 20 kilowatts. The 


system can generate 80 kilowatt hours over 
a 4-hour period. The energy-per-unit weight 
capacity of the. new system is up to three 
times that of conventional lead-acid batter- 
ies. The battery was developed by GEL Inc. 
and was being marketed by Synergy Re- 
search Corp., both of Durham, NC. This 
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load-leveling system offers advantages of 
few moving parts and the ability to handle 
heavy discharges while continuously cy- 
cling without damage.?! 

Guidelines were suggested for investiga- 
tors studying bromine as an indicator of 
lead in the atmosphere. Although lead had 
been added to gasoline in approximately 
equal proportions at different locations, ex- 
haust particulates were known to react 
with acid sulfates and nitrates to form 
gaseous hydrogen bromide that could not be 
retained on filters and the apparent bro- 
mine-to-lead ratios could not be determined. 
Bromine losses were also known to occur 
during storage and preparation of the 
samples.?? 

Gas-phase bromine occurrences in arctic 
air between February and May exceeded 
levels measured during the rest of the year. 
Some of the measurements were 10 times 
higher than levels found in other parts of 
the world. Particulate bromine levels in- 
creased from 5 to 133 parts per trillion. 
Suggested sources for the increased bro- 
mine levels were man-made pollution from 
the Eurasian continent and naturally occur- 
ring red benthic algae. The primary signifi- 
cance is that the synergistic interaction of 
the bromine and chlorine chains in the 
atmosphere could allow bromine to partici- 
pate in the destruction of ozone at lower 
altitudes under conditions of less light than 
with chlorine alone.? 

Investigations conducted on ozone used in 
water treatment demonstrated that ozone 
oxidized the bromide ion to produce hypo- 
bromous acid (HOBr). In the presence of 
organic matter, HOBr reacts to form bro- 
moorganics; more bromoform was produced 
with humic acid at a pH of 6.1 than at a pH 
of 8.8. The range of conditions conducive to 
haloform formation was narrower for bro- 
mination than for chlorination.?* 

Studies comparing bromine chloride, 
chlorine dioxide, and iodine with chlorine 
as a virucidal agent found bromine chloride 
to be the most active on a molar basis. 
Bromine chloride was found to be the most 
effective and its activity peaked at a pH of 
5. Ammonia inhibited the effect of bromine 
chloride.?5 

Nyacol Products Inc. announced a new 
bromine-antimony liquid flame retardant 
(Nyacol HA-9). The bromine component is 
pentabromo diphenyloxide, which is non- 
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reactive with the resin in liquid application 
systems. The product produces maximum 
flame retardant properties for liquid sys- 
tems such as urethane and foam.?* 


l Physical scientist, Division of Industrial Minerals. 
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Cadmium 


By Patricia A. Plunkert? 


Increased production and withdrawals 
from stocks compensated for a decrease in 
net imports during 1983, and apparent con- 
sumption remained at a level comparable to 
that of 1982. The producer price of cadmium 
during 1983 increased from $1 per pound at 
the beginning of the year to $1.25 per pound 
by yearend. 

Domestic Data Coverage.—Domestic pro- 
duction data for cadmium sulfide, cadmium 


lithopone, and cadmium sulfoselenide are 
developed by the Bureau of Mines from a . 
voluntary survey of U.S. operations. Of the 
seven operations to which a survey request 
was sent, six responded, representing an 
estimated 99% of the total production 
shown in table 4. Production for the remain- 
ing nonrespondent was estimated using 
prior year industry production levels. 


Table 1.—Salient cadmium statistics 


United States: 


Production! ----------------—- metric tons. _— 
Shipments by producers? _________ HERD o... 
Valle Cm thousands. _ 
e AE metric tons. . 
Imports for consumption, metal _______.___ do. ae 
Apparent consumption — - - - -----------— do___- 
Price: Average per pound?____________ 
World: Production... metric tons. — 
“Estimated. Preliminary. "Revised. 


1979 


1980 1981 1982 1983 
1,823 1,578 1,603 1,007 1,052 
2,468 1,271 1,382 1,832 1,495 
$9,498 $5,219 $3,838 $2,628 $1,786 
211 236 239 11 170 
2,912 2,617 3,090 2,305 2,196 
5,099 3,534 4,378 13,728 3,763 
$2.76 $2.84 $1.93 $1.11 $1.13 
"18,679 "18,231 17,364 P16,452 17,244 


1Primary and. secondary cadmium metal. Includes equivalent metal content of cadmium sponge used directly in 


production of compounds. 
2Includes metal consumed at producer plants. 


3Average quoted price for cadmium sticks and balls in lots of 1 to 5 tons. 


Legislation and Government  Pro- 
grams.—On July 15, 1983, the Environmen- 
tal Protection Agency (EPA) issued final 
regulations under the Clean Water Act that 
limit the pollutants that electroplating and 
. metal-finishing facilities may discharge into 

waters of the United States or into publicly 
owned treatment works. Cadmium is one of 
seven metals for which specific daily and 
monthly average maximum effluent limits 
have been set. As guidance to dischargers 
and control authorities, a long-term concen- 
tration average of 0.13 milligram of cadmi- 
um per liter of effluent was found to be 
attainable by the technology that EPA 
assessed.? | 

Under the Clean Water Act, EPA also 


proposed new regulations to limit the dis- 
charge of pollutants into navigable waters 
and into publicly owned treatment works by 
existing and potential new sources that 
manufacture certain inorganic compounds. 
Cadmium pigments and salts is one of six 
subcategories for which EPA proposed ef- 
fluent limitations guidelines. After consid- 
ering comments received in response to this 
proposal, EPA was expected to promulgate 
a final rule.’ 

The strategic stockpile goal remained at 
5,307 metric tons of cadmium metal. No 


inventory acquisitions or sales were made 


during the year, and as of December 31, 
1983, the stockpile inventory was 2,871 tons 
of cadmium metal. 
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DOMESTIC PRODUCTION 


Domestic production of cadmium metal 
increased slightly in 1983 despite the clo- 
sure of ASARCO Incorporated’s zinc smelt- 
er in Corpus Christi, TX. This plant had 
been closed since the end of October 1982, 
but company officials announced that the 
signing of a new labor agreement with 
refinery workers should enable the plant to 


be back in operation in 1984. The produc- 
tion of cadmium compounds also increased 
compared with 1982 levels. Cadmium sul- 
fide, cadmium lithopone, and cadmium sul- 
foselenide production increased approxi- 
mately 80% over that of 1982 owing to 
increased demand. 


Table 2.—Primary cadmium producers in 


the United States in 1983 
Company Plant location 
AMAX Inc ` Sauget, IL. 
ASARCO Incorporated `... — Corpus Christi, TX, 
and Denver, CO. 
Jersey Minière Zinc Co _ — — Clarksville, TN. 
National Zinc Co _______- Bartlesville, OK. 


Table 3.—U.S. production of cadmium 


Table 4.—Cadmium sulfide! produced in 


1 the United States 
compounds other than cadmium sulfide! IBS Lond 
(Metric tons) 
Quantity 
Quantity Year (cadmium 
Year (cadmium content) 
content) 

AE ur c E da MU 813 
E A Ate ERR ANS AE EE 801 
1980 AA IO IR 820 E A ee ise icc 527 
A A E e e LEE 374 
AA EE 971 AA a he are aie 670 
LEE 1,02 —————————————————————— 
!Includes cadmium lithopone and cadmium sulfosele- 

!Includes plating salts and oxide. nide. | 

CONSUMPTION AND USES 


Apparent consumption of cadmium in- 
creased slightly compared with that of 1982. 
Cadmium continued to be used in the fol- 
lowing categories: coating and plating, bat- 


teries, pigments, plastic and synthetic prod- 
ucts, and alloys. The largest users of prod- 
ucts from these categories continued to be 
the transportation and defense industries. 


Table 5.—Supply and apparent 
consumption of cadmium 


(Metric tons) 


Apparent 
consumption! _ __ 


"Revised. 


1981 1982 1983 


1,768 1,844 1,417 
1,603 1,007 1,052 


3,090 2,305 2,196 


6,461 5,156 4,665 
239 - 170 


1,844 71,417 7132 


4,378 13,728 3,763 


"Total supply minus exports and yearend stocks. 
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STOCKS 


Total inventories of cadmium decreased 
to a level that was approximately one-half 
that of 1982. Total stocks at the end of 1983 
were at their lowest level in over 30 years. 
Metal stocks showed the most dramatic 
decrease, dropping to a level that was less 


than 40% of that at the end of 1982 owing in 
part to the increased demand for cadmium 
metal to produce cadmium compounds. In- 
ventories of cadmium in compounds were at 
their lowest level since 1975. 


Table 6.—Industry stocks, December 31 
(Metric tons) 


Metal producers _____-_____________________e 
Compound manufacturers _________~._____ ~~ __~_ 
Distributors AAA a a 


1982 1983 
Cadmium Cadmium 
Cadmium in Cadmium in 
metal com- metal com- 
pounds pounds 

BCEE 635 209 
mu 167 T460 49 378 
DEE 150 r5 91 
ee 952 T465 349 383 


"Revised. W Withheld to avoid disclosing company proprietary data; included with "Compound manufacturers.” 


PRICES 


AMAX Inc. was the only domestic produc- 
er with a published price for cadmium 
metal during 1983. At the beginning of the 
year, AMAX listed a price of $1 per pound 
for cadmium metal, which was raised to 
$1.15 per pound in mid-May. In late August, 
AMAX announced a further price increase 
to $1.25 per pound. The published producer 
price remained at this level through year- 


end. 

Dealer prices in January were listed at 
$0.65 to $0.70 per pound for cadmium metal. 
They fluctuated throughout the year and 
reached a high of $0.90 to $0.97 per pound in 
late September. At yearend, the dealer 
prices were listed at $0.90 to $0.95 per 
pound. 


FOREIGN TRADE 


Exports of cadmium metal and cadmium 
in alloys, dross, flue dust, residues, and 
scrap increased dramatically over the unu- 
sually small amount of material exported in 
1982 but remained below the average for 
the 1978-81 period. The three largest recipi- 
ents in 1983, in descending order of receipts, 
France, the United Kingdom, and Belgium- 
Luxembourg, received over 80% of US 
cadmium exports. 

Cadmium metal imports for consumption 
decreased slightly, continuing a 3-year 
trend of decreasing metal imports. The 
principal supplying countries were Canada, 
Australia, Peru, and Mexico. 

The U.S. Department of Commerce con- 
ducted an administrative review of the 
antidumping findings on cadmium from 
Japan. As a result, Commerce determined 
that a cash deposit of estimated antidump- 
ing duties would no longer be required on 
any shipment of Japanese cadmium import- 


ed, or withdrawn from warehouse, for con- 
sumption on or after September 9, 1983. 
This finding would be in effect until the 
next administrative review, which Com- 
merce planned to begin immediately.‘ 

Imports of metal and flue dust from most 
favored nations (MFN) and imports of flue 
dust from non-MFN continued to be duty 
free. A statutory duty of $0.15 per pound 
continued to be imposed on cadmium metal 
imported from non-MFN. 


Table 7.—U.S. exports of cadmium metal 
and cadmium in alloys, dross, flue dust, 
residues, and scrap 


Quantity Value 


Year (metric (thou- 

tons) sands) 

EC | 239 $332 
TORNA vx ce Sole lg re 11 126 
5 GE RN 170 351 
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Table 8.—U.S. imports for consumption! of cadmium metal, by country 


Country 


Australià nnl Led ERR 


Belgium-Luxembourg _ ----------------------- 
CCT TEE 


France 


Germany, Federal Republic of... 
Japanan EE 


Mexico 


1982 1983 
pipe Value r ege Sec Value 
metri metric 

tons) (thousands) tons) (thousands) 
446 $951 713 $1,160 

78 185 15 
315 890 2938 - 1,877 
161 515 s MT 
95 173 61 87 
83 174 43 79 
241 340 21 34 
SR V (3) (3) 
110 225 50 17 
171 248 126 163 
113 226 17 23 
5 11 35 58 
2306 482 154 206 
40 95 Dë LA 
81 169 17 24 
2 49 305 4,684 22 196 3,842 


1General imports and imports for consumption were ner same in 1982; general imports in 1983 were 2,191 metric tons. 


2Includes waste and scrap (gross weight). 
3Less than 1/2 unit. 


*Does not include 11 metric tons of cadmium contained in flue dust from Canada. 


WORLD REVIEW 


The European Economic Community 
(EEC) agreed to limit the amount of cadmi- 
um that factories can emit into public 
waters. Installations built after 1985 would 
have to keep their cadmium emissions be- 
low 0.2 milligram per liter. Existing plants 
must reduce their emissions to 0.5 milli- 
gram per liter by 1986 and to 0.2 milligram 
per liter by 1989.5 

Germany, Federal Republic of.—A major 
lead and zinc smelter, Ruhr-Zinc GmbH, 
obtained about one-third of its raw material 
needs from steelmaking dusts and sludges 
that contain high volumes of nonferrous 
metals. About 30 to 40 tons per year of 
cadmium was obtained from this material, 
containing from 0.003% to 0.2% cadmium.* 

India.—A new lead-zinc deposit was dis- 
covered in the Rampura-Agucha area of 
Rajasthan State. The total in situ ore re- 
serves was estimated at 61 million tons 
averaging 1.57% lead, 13.48% zinc, and 
9.58% iron. The cadmium content reported- 
ly varied between 250 and 780 parts per 


million. The deposit was said to be amena- 
ble to open pit mining methods.’ Based on 
this deposit, Hindustan Zinc Ltd. proposed 
the establishment of a new zinc-lead smelt- 
er complex near Chittorgarh in Rajasthan. 
The proposed complex would have an annu- 
al capacity of 70,000 tons of zinc, 35,000 tons 
of lead, 160,000 tons of sulfuric acid, 235 
tons of cadmium, and 50 tons of silver.* 

Italy.—Two metal producers, state-owned 
Società per Azioni Minero-Metallurgiche 
(SAMIM) and privately owned Alessandro 
Tonolli, planned to combine their oper- 
ations to form a new company to be known 
as Sameton. The new company planned to 
have a total metal capacity of 455,000 tons 
per year, including a capacity of 500 tons 
per year of cadmium.? 

United Kingdom.—Chloride Alcad sold 
its nickel-cadmium batteries division in the 
United Kingdom and its wholly owned U.S. 
subsidiary, Chloride Inc., to the Marathon 
Battery Co., Waco, "TS 
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Table 9.—Cadmium: World production,! by country 


(Metric tons) 
Country 1979 1980 198] 1982” 1983° 
RT eo hal seed ch ee 64 60 “65 *65 65 
Argentina 3 1 ES 21 19 
Australia (refined)... ooo. 804 1,012 1,031 1,010 1,000 
SE, eege te geg 34 36 55 48 50 
Belgium lod he Eh a 1,440 71,527 1,176 1,001 1,100 
pco m TT 21 41 45 €70 60 
A A 210 T200 "200 r200 200 
Canada (refined)... - - - -- --------------—— 1,455 F1,303 1,298 809 1,107 
IA A O A E 1250 1250 F270 T900 300 
Finland. 52222 nie e ne diee e 590 581 621 566 566 
France. ipod cuiu e et 689 789 663 803 790 
German Democratic Republic® _______________ 15 16 16 16 16 
Germany, Federal Republic of... 1,266 1,194 1,192 1,030 1,000 
IT, VE 166 89 113 131 115 
Haly. ee 527 568 482 515 500 
Jápan. =- ot a 2,597 2,173 1,977 2,034 2,200 
Korea; North" 2< omnia 555225 1 ™140 "140 7100 100 
Korea, Republic of. - --------------------- 50 365 300 320 300 
Mexico (refined) Looooooooocccoooooooooo.- 830 778 590 607 900 
A A A eRe Ee 81 69 MN 110 25 
Netherlands Ee 416 455 518 485 480 
NOPWHy AAA elu or 115 130 117 104 104 
POP PADO EE 190 172 307 421 400 
Polànd- erh Eccc aa 773 698 580 570 570 
AA AA 85 85 80 80 
SDall ai ads 222 309 303 289 280 
UNS Rss o ts td a 2,850 2,850 2,900 2,900 3,000 
United Kingdom- ----------------- 424 875 278 354 380 
United States? coi ee ee 1,823 1,578 1,603 1 007 31,052 
Yugoslavia 2 a Eme Se me 289 201 208 205 200 
EE ses AET 212 168 2280 281 285 
A ooo Sc okt ee aes eee eee S 1 1 EE ms 
TOU. c ccn ton E 718,679 718,231 17,864 16,462 17,244 
*Estimated.  PPreliminary.  'Revised. 
This table gives unwrought production from ores, concentrates, flue dusts, and other materials of both domestic and 
mpo o 


n). Cadmium is found in 


exported for treatment elsewhere to recover cadmium metal 
double counting. Table includes data available through Mar. 
Includes secondary. 
Reported figure. 


n. Sources generally do not indicate if secondary metal (recovered from e is included or not; where 
of Metal Statistics, London) and from Metal Statistics (pubi 


puo eng by World Bureau 
a by Metallgesellschaft Aktiengesellschaft, Frankfurt am 


ores, > Concentrates, and/or flue dusts in al other Guer? les, but these materials are 
TU such output is not reported in this table to avoid 


TECHNOLOGY 


Energy Research Corp., under contract to 
the Bureau of Mines, developed a new 15- 
ampere-hour capacity miners' caplamp bat- 
tery. The new battery uses nickel-cadmium 
technology, a roll-bonded electrode struc- 
ture, and offers significant improvements in 
performance with reduced size and weight. 
The new caplamp battery, weighing 2-1/2 


pounds, is over 2 pounds lighter than the . 


presently used lead-acid caplamp battery. A 
report described the design and fabrication 
of the nickel-cadmium battery." 

The Bureau of Mines reported on two 
investigations of the thermodynamic prop- 
erties of cadmium oxysulfate (2CdO*CdSO,). 
The first investigation established the 
standard enthalpy of formation for cadmi- 
um oxysulfate using hydrochloric acid solu- 
tion colorimetry.!? The second determined 
the standard Gibbs energy of formation of 


cadmium oxysulfate and manganese sulfate 
using high-temperature galvanic cells that 
contained stabilized zirconia (ZrO;) as the 
solid electrolyte.!* 

Developments in cadmium technology 
were abstracted in Cadmium Abstracts, a 
quarterly publication available through the 
Cadmium Association, 34 Berkeley Square, 
London W1X 6AJ, England. 


1Physical scientist, Division of Nonferrous Metals. 

“Federal ister. We deeg A and Metal Finishing 

Point Source Categories; Effluent Limitations Guidelines, 
Pretreatment Standards. V. 48, No. 137, July 15, 1983, 
PP. 32462-32488. 
. Inorganic Chemicals Manufacturing Point 
Source Category; Effluent Limitations Guidelines, Pre- 
treatment. Standards, and New Source Performance 
Standards. V. 48, No. 207, Oct. 25, 1983, pp. 49408-49436. 

4 — Cadmium From Japan; Final Results of Admin- 
istrative Review of Antidumping Finding. V. 48, No. 176, 
Sept. 9, 1983, pp. 40759-40760. 

Metal Bulletin (London). No. 6797, June 21, 1983, p. 15. 

American Metal Market. Steel Sludges Supply Smelter. 
V. 91, No. 78, Apr. 21, 1983, p. 10A. 
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: Personal Lighting Systems for Miners. BuMines IC 8938, 
"Gandhi, S. M. Rampura-Agucha Lead/Zinc Deposit. 1983, 10 oni ing Systems for Miners ines 
1 


Min. Mag. (London), v. 149, No. 5, Nov. 1983, pp. 315-321. 2Ko, H. C., and R. R. Brown. Enthalpy of Formation of 


. SPage 298 of work cited in footnote 7. 2CdO*CdSO,. BuMines RI 8751, 1983, 4 pp. 
?Metals Week. SAMIM and Tonoll To Form New iSSchaefer, S. C. Electrochemical Determination of 
Company. V. 54, No. 33, Aug. 15, 1983, p. 6. Thermodynamic Properties of anese Sulfate and 


10Metal Bulletin (London). No. 6762, Feb. 11, 1983, p. 13. Cadmium Oxysulfate. BuMines RI , 1983, 20 pp. 
"Lewis, W. H., and E. Ferreira. New Developments in 


Calcium and Calcium 
Compounds 


By Lawrence Pelham: 


Calcium, the fifth most abundant element 
in the Earth's crust, is very active, and 
therefore occurs in nature in combination 
with other elements. The Bureau of Mines 
publishes individual reports for several of 
these calcium minerals and compounds. 
The commercial name for calcium fluoride 
is fluorspar; calcium carbonate is known as 
limestone; and calcium oxide is called lime 
or quicklime. Information on these materi- 
als can be obtained in the Fluorspar, Stone, 
and Lime chapters of the Minerals Year- 
book. Other calcium compounds are covered 
in the chapter concerning the element with 
which it is combined; for example, calcium 
bromide is discussed in the Bromine chap- 
ter. This chapter covers primarily calcium 
metal, calcium chloride, and various other 
calcium compounds not covered elsewhere. 

Calcium metal was manufactured by one 


company in Connecticut. Natural calcium 
chloride was produced by three companies 
in California and two companies in Michi- 
gan. Synthetic calcium chloride was manu- 
factured by one company in Louisiana, one 
company in New York, and two companies 
in Washington. | 

Domestic Data Coverage.—Domestic pro- 
duction data for calcium chloride are devel- 
oped by the Bureau of Mines from a volun- 
tary survey of U.S. operations entitled “Cal- 
cium Chloride and Calcium-Magnesium 
Chloride." Of the 10 operations to which a 
survey request was sent, 8 responded, repre- 
senting an estimated 27% of the total pro- 
duction shown in table 1. Production for the 
two nonrespondents was estimated using 
prior year production levels adjusted by 
economic trends and other guidelines. 


DOMESTIC PRODUCTION 


Pfizer Inc. continued to produce calcium 
metal at Canaan, CT, by the Pidgeon 
process—an aluminothermic process in 
which high-purity calcium oxide, produced 
by calcining limestone, and aluminum pow- 
der are briquetted and heated in vacuum 
retorts. The vaporized calcium metal prod- 
uct is collected as a "crown" in a water- 
cooled condenser. Pfizer continued to ac- 
count for an estimated 50% of total calcium 
metal production in market economy coun- 
tries. 

Pfizer produced commercial-grade calci- 
um containing 98.590 calcium in seven 
Shapes, high-purity redistilled metal con- 
taining 99.2% calcium in four shapes, an 
80% calcium-20% magnesium alloy, and 
other calcium alloys. Elkem Metal Co., a 
Norwegian-owned company at Niagara 


Falls, NY, continued to produce calcium 
alloys, including a calcium-silicon alloy con- 
taining about 3096 calcium, 65% silicon, 
and 596 iron, and two proprietary alloys 
that contain barium, and barium and alu- 
minum. The Foote Mineral Co. at Exton, 
PA, and ASARCO Incorporated at New 
York, NY, also continued to produce calci- 
um alloys. Pesses Co. continued to produce 
calcium alloys for use in the production of 
iron, steel, and nickel alloys. 

National Chloride Co. of America, Cargill 
Inc.’s Leslie Salt Co., and Hill Bros. Chemi- 
cal Co. continued to produce calcium chlo- 
ride from dry-lake brine wells in San Ber- 
nardino County, CA. Total output in Cali- 
fornia increased by 43%. The Dow Chemical 
Co. and Wilkinson Chemical Corp. contin- 
ued to recover calcium chloride from 
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brines in Lapeer, Mason, and Midland 
Counties, MI. Total output in Michigan 
increased by 7%. Natural calcium chloride 
production is much greater in Michigan 
than in California, and therefore total pro- 
duction increased only 8%. 

Allied Chemical Corp. continued to recov- 
er synthetic calcium chloride as a byproduct 
of soda ash production at its Solvay plant 
near Syracuse, NY, and as a byproduct at 
its Baton Rouge, LA, plant using hydrochlo- 
ric acid and limestone; Texas United Chemi- 
cal Corp. produced calcium oxide from 
purchased hydrochloric acid and limestone 
at its plant near Lake Charles, LA; Reichold 
Chemicals Inc. recovered synthetic calcium 
chloride as a byproduct of pentachlorophe- 
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nol manufacture at Tacoma, WA; and Occi- 
dental Chemical Corp. manufactured calci- 
um chloride at Tacoma using limestone and 
hydrochloric acid. Total output of synthetic 
calcium chloride decreased by 19%. 

Calcium hypochlorite was produced by 
two U.S. companies: Olin Corp. and PPG 
Industries Inc. PPG began operating a new 
calcium hypochlorite plant at Natrium, 
WV, with a design capacity of 100 tons per 
day. Total U.S. capacity for producing calci- 
um hypochlorite was 115,000 tons per year. 

W. R. Grace & Co. began operating a 
calcium nitrite plant in Wilmington, NC. 
The plant is the first of its kind in North 
America. 


Table 1.—Production of calcium chloride (75% CaCl, equivalent) in the United States 


Natural Synthetic Total 
Year Quanti Value Quanti Value Quantity Value 

(short Get (thousands) (short i (thousands) (short tons) ( 
1979 AAA 719,709 $51,884 261,062 $22,566 980,761 $74,450 
1980 ----.--..- 1,012 47,950 280,128 26,150 811,185 14,100 
1981 2555220575 04,69 61,692 12,299 21,086 916,990 88,778 
1982 ----..... 616,518 61,488 236,894 81,279 858,407 92,162 
1988 -...-.-...-. ; 71,880 192,688 29,727 856,687 101,057 

CONSUMPTION AND USES 


Calcium metal was used in the manufac- 
ture of batteries, as an aid in removing 
bismuth in lead refining, as a desulfurizer 
and deoxidizer in steel refining, and as a 
reducing agent to recover refractory metals 
such as tantalum, uranium, and zirconium 
from their oxides. Some minor uses were in 
the preparation of vitamin B and chelated 
calcium supplements, and as a cathode 
coating in some types of photoelectric tubes. 
The nuclear applications of calcium metal 
give it strategic significance; foreign sales 
must be approved by the U.S. Department 
of State. State Department approval has 
been denied to countries that were not a 
signatory of the United Nations Nuclear 
Nonproliferation Treaty. 

Calcium chloride was used for road and 
pavement deicing, dust control and road 
base stabilization, coal and other bulk mate- 
rial thawing, oil and gas drilling, concrete- 
set acceleration, tire ballasting, and miscel- 
laneous uses. The most rapidly growing end 
use for calcium chloride and calcium bro- 


mide has been in well completion fluids in 
oil and gas recovery. 

The principal use of calcium chloride was 
to melt snow and ice from roads, streets, 
bridges, and pavements. Calcium chloride is 
more effective at lower temperatures than 
rock salt and has been used mainly in the 
Northern and Eastern States. Because of its 
considerably higher price, it is used in 
conjunction with rock salt for maximum 
effectiveness and economy. 

Calcium hypochlorite was used to disin- 
fect swimming pools and in other municipal 
and industrial bleaching and sanitation 
processes. 

Calcium nitrate was used as a concrete 
additive to inhibit corrosion of steel rein- 
forcement bars and to accelerate setting 
time. 

Calcium carbide and calcium silicon were 
used to remove sulfur from molten pig iron 
as it was carried in transfer ladles from the 
blast furnace to the steelmaking furnace. 
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PRICES AND SPECIFICATIONS 


During 1983, calcium metal crowns re- 
mained at the $3.05 per pound price for 
quantities greater than 20,000 pounds, 
reached on October 15, 1981, when it had 
increased from $2.78 per pound. The per 
pound price of redistilled calcium metal, for 
quantities greater than 20,000 pounds, con- 
tinued to range from approximately $10 to 
$15. The price of calcium-silicon alloy in- 
creased on July 1, 1983, from $0.66 to $0.72 
per pound. The former price had been in 
effect since August 1, 1982. Yearend pub- 
lished prices and specifications were as 
follows: 


Value per pound 
1982 1983 
Calcium metal, 1-ton lots, 50-pound 
full crowns, 10 by 18 inches, 
Ca+Mg 99.5%, Mg.0.7%_ ~~ $8.05 ` $3.05 
Calcium-silicon alloy, 82% calcium, 
carload lots, f.o.b. shipping point .. ~ .66 12 


Source: Metals Week. V. 58, No. 52, Dec. 27, 1982, p. 5; 
Metals Week. V. 55, No. 1, Jan. 2, 1984, p. 5. 


Calcium metal is usually sold in the form 
of crowns, broken crown pieces or nodules, 
or billets, which are produced by melting 


crowns in an argon atmosphere. The metal 
purity in these forms is at least 98%. 
Higher purity metal is obtained by redistil- 
lation. 

Calcium metal is usually shipped in 
polyethylene bags under argon in an air- 
tight 55-gallon steel drum. 

Calcium chloride is sold as flake or pellet 
averaging about 75% CaCl; or as a liquid 
concentrate averaging 40% CaCl, Yearend 
published prices and specifications were as 
follows: 


Value per ton 
Calcium chloride concentrate, 
pee BN, 17% to 80%, flake, bulk, car- 
EE $145.00 
100 aoa bey , carl 196.00 
Anhydrous, 94% to 97%, fla flake or pellet, 
bulk, car , Same basis _______— 207.00 
80-pound deg same basis. — — — 271.00 
Brining undbegs....... 285.00 
Calcium chloride ^ Bs 100% basis, Se 
car, barge... _- E 
45%, same DañiSoooocoooooo.... 108.00 
cium vise hon Zoe M Phar- 
drums, truck load, freight ‘equalised = 1,800.00 


Source: Chemical Marketing Reporter. V. 224, No. 26, 
Dec. 20, 1988, p. 29. 


FOREIGN TRADE 


Exports of calcium chloride to 47 coun- 
tries in 1988, decreased 26% in quantity and 
14% in value. 

Exports of calcium phosphates were 
48,000 tons valued at $32.6 million compar- 
ed with 61,000 tons valued at $36.5 million 
in 1982. The leading destinations were Ven- 
ezuela, Colombia, and Mexico, with materi- 
al being sent to a total of 57 countries. 

Exports of other calcium compounds, in- 
cluding precipitated calcium carbonate, to- 
taled 20,000 tons valued at $13.7 million in 
1983 compared with 31,000 tons and $15.6 
million in 1982. Material in this category 
was sent to 70 countries, mainly Canada, 
Mexico, and the United Kingdom. 

Crude calcium chloride imports decreas- 
ed about 77%, to 13,580 tons valued at 
$652,000, mainly from Canada and. Mexico. 
Other calcium chloride imports amounted 
to 204 tons valued at $641,000, mainly from 
Canada. 

Imports of other calcium compounds in- 
cluded 155,000 tons of calcium nitrate 


valued at $11.1 million, mainly from Nor- 
way; 18,500 tons of calcium carbide valued 
at $4.6 million from Canada; 5,500 tons of 
calcium hypochlorite valued at $6.0 million, 
mainly from Japan; 875,000 tons of crude 
calcium carbonate chalk valued at $948,000, 
mainly from the Bahamas; 9,500 tons of 
calcium carbonate chalk whiting valued at 
$958,000, mainly from France; and 7,600 
tons of precipitated calcium carbonate 
valued at $2.2 million, mainly from France 
and the United Kingdom. 

Calcium metal was imported from three 
countries. Canada supplied 103,363 pounds; 
China, 229,279 pounds; and France, 192 
pounds. China increased its exports to the 
United States by 20%, replacing a decrease 
of 13% by Canada and 99% by France. U.S. 
import duties in effect during the year for 
calcium metal were 5.3% ad valorem for 
countries having most-favored-nation sta- 
tus, 3.0% ad valorem for less developed and 
developing countries, and 25% ad valorem 
for other nations. 
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Table 2.—U.S. exports of calcium chloride, by country 


aoe 1982 1983 
dd Short tons Value Short tons Value 

TNO ER nn ss y Ss 19,232 $1,046,846 Se E 
EE 698 243,840 461 $149,985 
CHmero0N uotum e es srl de RU M LL LU Lu D LEE. 1,685 1,926 3,168 623,076 

tpm nue aM ne der Ae e ALL a RUM 9,555 1,951,557 18,382 2,435, 

MEXICO sc i hh Ee 2,428 ,011 

Netherlands _____________________________ 85 11,981 1,660 1,742,495 

udi Arabia |. oun ul le a 8,024 2,189,317 4,922 : 
Sweden AAA AAA E RES 648 135,021 16,873 

Switzerland EE 1,043 174,801 51 ! 
and Tobago ___ ________~-~_ ~~~ 1,342 270,134 1,104 483,107 
United Arab Emirates __________________________ 5,472 2,155,333 4,916 1,764,269 
United Kingdom `... 245 63,083 751 159,687 
Venezuela __---—-----------—--——--—--——————-—— 2,448 744,073 2,619 373,233 
Other >= eec EES 71,152 T949,411 1,472 736,909 
dk d HE 55,057 11,065,400 40,597 9,550,327 


Table 3.—U.S. imports for consumption of calcium and calcium chloride 


Calcium Calcium chloride 
Year LE ——— 
Pounds Value? Short tons Value! 
199- AAA 717,726 $1,015,183 58,091 $3,018,443 
1980 5 o A ee te Ne eed ne E 221,814 581,5 46,439 2,011,463 
11:3 EE E EEN 235,436 751,456 86,865 4,088,361 
LEE 333,054 966,665 60,623 3,010,212 
Ee ee 832,834 866,409 13,784 1,292,662 


"DS Customs import value, generally representing value in foreign country, and, therefore, excluding U.S. import 
duties, freight, insurance, and der charges incurred in shipping merchandise to the United States. ii 


Table 4.—U.S. imports for consumption of calcium chloride, by country 


ne 1982 1983 
TUN Short tons Value! Short tons Value! 
Canada cu ha a E EL e tenia 22,509 . $1,062,599 9,099 $603,754 
Germany, Federal Republic of `. 55 56,422 67 60,455 
NEE 37,939 1,482,344 4,584 156,713 
Othër -= ts an eue ee ee 120 408,847 34 471,740 
dy, WEE 60,623 3,010,212 13,784 1,292,662 


1U.S. Customs import value, generally representing value in foreign country, and, therefore, excluding U.S. import 
duties, freight, insurance, and other charges incurred in shipping merchandise to the United States. 


WORLD REVIEW 


Calcium metal was produced in Canada, Total world production was an estimated 
China, France, Japan, and the U.S.S.R., in 2,000 tons. 
addition to the United States. The market  ——————— 
economy country production of calcium  'Physicalscientist, Division of Industrial Minerals. 
metal was estimated to be about 1,500 tons. 


Cement 


By Lawrence L. Davis! and Wilton Johnson? 


U.S. cement production and consumption 
in 1983 increased, reflecting increased activ- 
ity by the construction industry and im- 
provement of the U.S. economy. According 
to a U.S. Department of Commerce report, 
the value of U.S. construction put in place 
increased 13% to $263 billion. Housing 
starts increased 60% to 1.70 million units. 

Imports, a sensitive indicator of domestic 
cement demand, increased 45% to 4.2 mil- 
lion tons and accounted for 6% of consump- 
tion. Clinker imports were 24% of the total. 

Shipments of portland and masonry ce- 
ment from U.S. plants, excluding Puerto 
Rico, increased 11% to "71 million tons. 
Shipments increased to all geographical 
regions. The following regions had the larg- 
est consumption gains: Atlantic, 18%; 
Mountain, 15%; and Pacific, 13%. 

Plant expansions and modernizations in 
California and Texas added 1.5 million tons 


to domestic cement production capacity. 
Despite these additions, total U.S. portland 
cement production capacity remained about 
the same because of plant closures in North 
Carolina and Tennessee, which effectively 
retired 1.5 million tons of grinding capacity. 

Foreign ownership of U.S. cement produc- 
tion capacity continued to increase. By 
yearend, approximately 35% of clinker pro- 
duction capacity and 39% of finishing 
grinding capacity had been acquired by 
foreign interests. 

Domestic Data Coverage.—Domestic pro- 
duction and consumption data for cement 
were developed by means of the portland 
and masonry cement voluntary survey. Of 
the 154 cement manufacturing plants to 
which an annual survey collection request 
was made, 100% responded, representing 
100% of the cement production and con- 
sumption data shown in table 1. 


Table 1.—Salient cement statistics 
(Thousand short tons unless otherwise specified) 


1979 

United States:! 
Production? ______________ 84,491 
Shipments from mills? 9_______ 85,747 
Value? 3 4 _______ thousands_ . $3,991,580 
Average value per ton? 3 4 _____ $46.55 
Stocks at mills,* Dec. 31 _______ 6,600 
Exports... _ 149 
Imports for consumption _____-_ 9,393 
nsumption, apparent® $ _____ 87,799 
World: uction ____________ T961,595 

*Estimated. Preliminary. "Revised. 


1Excludes Puerto Rico and the Virgin Islands. 
“Portland and masonry cement only. . 


‘Includes imported cement shipped by domestic producers. 


*Value received, f.o.b. mill, excluding cost of containers. 
5Quantity shipped, plus imports, minus exports. 


1980 1981 1982 1983 
15,224 71,710 63,355 10,420 
16,242 11,148 64,066 10,934 

$3,886,488 $3,723,095 $3,263,585 $3,534,324 
$50.98 $51.89 "$50.94 9.95 
6,825 1,912 6,753 6,711 

186 300 201 118 

5,244 3,963 2,911 4,221 
11,599 13,321 65,623 13,539 
"973,849 979,296 P969,338 1,020,346 


Adjusted to eliminate duplication of imported clinker and cement shipped by domestic cement manufacturers. 
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DOMESTIC PRODUCTION 


One State agency and 48 companies op- 
erated 145 plants in 40 States. In addition, 
two companies operated two plants in Puer- 
to Rico, manufacturing one or more kinds of 
hydraulic cement. 

Some of the data are arranged by State or 
by groups of States that form cement dis- 
tricts. A cement district may represent a 
group of States or a portion of a State. The 
States of California, New York, and Penn- 
sylvania are divided to provide more defini- 
tive marketing information. Divisions for 
these States are as follows: | 

California, Northern.—Points north and 
west of the northern borders of San Luis 
Obispo and Kern Counties and the western 
borders of Inyo and Mono Counties. 

California, Southern.—All other counties 
in California. 

New York, Western. —All counties west of 
a dividing line following the eastern bound- 
aries of St. Lawrence, Lewis, Oneida, Madi- 
son, Chenango, and Broome Counties. 

New York, Eastern.—All counties east of 
the above dividing line, except metropolitan 
New York. 

New York, Metropolitan.—The five coun- 
ties of New York City (Bronx, Kings, New 
York, Queens, and Richmond) plus West- 
chester, Rockland, Suffolk, and Nassau 
Counties. 

Pennsylvania, Eastern. —All counties east 
of the eastern boundaries of Potter, Clinton, 
Centre, Huntingdon, and Franklin Coun- 
ties. 

Pennsylvania, Western.—All other coun- 
ties in Pennsylvania. 


PORTLAND CEMENT 


Clinker production in the United States, 
excluding Puerto Rico, increased 7% to 63.6 
million tons, and clinker imports reported 
by U.S. cement producers increased 45% to 
762,000 tons. A total of 67.5 million tons of 
portland cement was ground in the United 
States. Stocks at mills decreased by 77,000 
tons to 6.3 million tons at yearend. 

Production Capacity.—By yearend, mul- 
tiplant operations were being run by 25 
companies. The size of individual compa- 
nies, as a percentage of total U.S. clinker 
production capacity, ranged from 12.4% to 
0.30%. The 5 largest producers provided 
36% of total clinker production; the 10 
largest producers provided a combined 57%. 
The 10 largest companies, in terms of clink- 


er production, were Lone Star Industries 
Inc., General Portland Inc., Ideal Basic 
Industries Inc., Lehigh Portland Cement 
Co. Gifford-Hill € Co., Kaiser Cement 
Corp., Dundee Cement Co., Texas Industries 
Inc., National Gypsum Co., and Southwest- 
ern Portland Cement Co. Martin Marietta 
Corp., fourth largest in 1982, dropped out of 
the top 10 as a result of its decision to sell 
its cement facilities and exit the industry. 
General Portland, third largest in 1982, 
became second largest in 1983. 

At yearend, 269 kilns located at 128 
plants were being operated by 44 companies 


and 1 State agency in the United States, 


excluding Puerto Rico. Annual clinker pro- 
duction capacity at yearend was 87.6 mil- 
lion tons. An average of 44 days downtime 
was reported for kiln maintenance and 
replacing refractory brick. The industry 
operated at 73% of its apparent capacity. 
Average annual clinker capacity of US 
kilns was 326,000 tons, average plant capac- 


ity was 684,000 tons, and average company 


capacity was about 1.9 million tons. Three 
plants produced white cement. In addition, 
10 plants operated grinding mills using only 
imported or purchased clinker, or inter- 
plant transfers of clinker. Of these, five 
produced portland cement only, and five 
ground clinker for both masonry and port- 
land cement. Based on the fineness neces- 
sary to grind Types I and II cements and 
allowing for downtime for maintenance, the 
U.S. cement industry's estimated annual 
grinding capacity increased about 0.5% to 
105 million tons. 

Clinker was produced by wet-process 
kilns at 57 plants and by dry-process kilns 
at 66 plants; 5 additional plants operated 
both wet and dry kilns. Most new plants 
that came on-stream and those currently 
under construction were dry-process, pre- 
heater- or precalciner-equipped, single-kiln 
systems with annual capacities in excess of 
500,000 tons of clinker. The yearend totals 
of 55 suspension and 20 grate preheaters 
were unchanged. 

Capacity Added in 1983.—Centex Corp. 
doubled the annual capacity of its Texas 
Cement Co. plant in Buda, TX, to 1.1 million 
tons. Fuller Co. designed and supplied the 
production equipment. | 

Capitol Aggregates Inc. added a 500,000- 
ton-per-year, dry-process line to its cement 
plant at San Antonio, TX. 


CEMENT 


Kaiser Cement had completed a $150 
million expansion and conversion from wet 
to dry process of its Cushenbury plant at 
Lucerne Valley, CA, in late 1982. The plant, 
expanded from 1.0- to 1.6-million-ton-per- 
year capacity, went into full production in 
1983. 


Capacity Additions Scheduled To Be 
Completed in 1984.—Gifford-Hill planned 
to modify the preheater kiln system at its 
Harleyville plant in South Carolina to in- 
crease capacity by about 45,000 tons. Proj- 
ects to precalcine and fire the crusher air 
dryer with coal rather than oil or gas were 
planned for completion. 

Southwestern Portland Cement remained 
on schedule with the $100 million expansion 
and modernization of its Victorville, CA, 
plant. The expansion, scheduled for comple- 
tion in September 1984, was designed to 
increase annual clinker capacity from 1.1 to 
1.4 million tons. 

Capacity Additions Scheduled To Be 


Completed After 1984.—Beehive Cement. 


Co. was seeking financing for a new 550,000- 
ton-per-year cement plant at Santaquin, 
UT. 

Dal-Tex Cement Corp. began construction 
of a l-million-ton-per-year cement plant 
near Midlothian, TX. Construction was de- 
layed while Dal-Tex sought a new contrac- 
tor. 

Florida Crushed Stone Co. continued 
planning for construction of a 600,000-ton- 
per-year cement plant in Brooksville, FL. 
Start of construction, originally scheduled 
for 1983, was delayed until early 1984. 

Gifford-Hill continued to evaluate plans 
for a 2-million-ton-per-year capacity expan- 
sion of its Oro Grande, CA, cement plant. 
Plans included new secondary crushing fa- 
cilities, preblending, raw mill, homogeniz- 
ing silos, preheater, precalciner kiln, clink- 
er Storage, and cement mill. The company 
was also planning an expansion of its 
Clarksdale, AZ, plant. 

Las Vegas Portland Cement Inc. contin- 
ued to seek financing for construction of a 1- 
million-ton-per-year, $100 million cement 
plant at Jean, NV. The plant had originally 
been scheduled to go into production in 1983 
at a cost of $90 million and with a capacity 
of 650,000 tons per year. 

Mineral Reserves Inc. again postponed 
construction of a 600,000-ton-per-year ce- 
ment plant near Pueblo, CO. High interest 
rates were reported to be the cause for the 
delay. 
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Monolith Portland Cement Co. began en- 
gineering work on its planned expansion 
and conversion from wet to dry processing 
at its Monolith, CA, plant. The expansion 
would double plant capacity to 1.0 million 
tons per year. 

Plant Closings.—Genstar Cement and 
Lime Co.’s San Andreas, CA, cement plant 
remained closed throughout the year. Plans 
for a $50 million expansion and moderni- 
zation program were postponed indefinitely. 

Ideal Basic closed its plant at Castle 
Hayne, NC, after attempting, unsuccessful- 
ly, to find a buyer. 

Moore McCormack Cement Inc. closed its 
Kingsport, TN, plant and began disman- 
tling its plant at Richard City, TN. 

Corporate Changes.—Continental Ce- 
ment Co. sold a 50% interest in its cement 
terminals at Port Everglades and Cape 
Canaveral, FL, to Atlantic Cement Co. Inc. 

Cianbro Corp. sold its Thomaston, ME, 
cement plant to Passamaquoddy Properties. 
Cianbro had purchased the plant earlier in 
the year from Martin Marietta. Cianbro 
continued to operate the plant under lease. 

Ideal Basic sold its Tijeras, NM, cement 
facilities to General Electric Credit Corp. 
but continued to operate the plant under a 
leaseback arrangement. 

Lone Star sold its 600,000-ton-per-year 
cement plant at Dixon, IL, to Dixon Mar- 
quette Cement Inc., a subsidiary of Prairie 
Materials Sales Inc. 

Louisville Cement Co. sold its Bessemer, 
PA, cement plant to SME Bessemer Cement 
Co., a subsidiary of Standard Machine and 
Equipment Co. 

Martin Marietta sold most of its cement 
operations. Its plants at Calera, AL; Atlan- 
ta, GA; and Tulsa, OK, were sold to Blue 
Circle Industries PLC of the United King- 
dom, and its plant at Buffalo, IA, was sold to 
Davenport Cement Co., a subsidiary of Ce- 
mentia Holdings A.G. of Zurich, Switzer- 
land. Martin Marietta also sold its Mar- 
tinsburg, WV, plant to Capital Cement 
Corp., a subsidiary of Riverton Corp., and its 
Thomaston, ME, plant to Cianbro. Remain- 
ing plants at Lyons, CO, and Leamington, 
UT, were on the market but had not been 
sold by yearend. 

Moore McCormack purchased from Ideal 
Basic a 550,000-ton-per-year cement plant 
at Knoxville, TN; cement terminals at Cas- 
tle Hayne and Statesville, NC, and Gray 
Station, TN; and a cement bulk transfer 
facility in Wilmington, NC. 
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Table 4.—Daily clinker capacity in the United States,! December 31 


Short tons per 
24-hour period 


EE 


NN 
Ze 
3 


1Includes Puerto Rico and white cement-producing facilities. 
2Total number in operation at plants. 
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Number 
Plants Kilns? 
2 
24 41 
33 63 
30 60 
25 55 
24 78 
138 300 
2 
21 34 
33 63 
25 50 
22 48 
27 80 
130 278 


Total 
capac 
(short 


280,122 


ity 
tons) 


Table 5.—Raw materials used in producing portland cement in the United States! 


(Thousand short tons) 


Raw materials 


Calcareous: 
Limestone (includes aragonite, marble, chalk) 
Cement rock (includes marl) 


Other (includes staurolite, bauxite, aluminum dross, pumice, alumina, 
. volcanic material, other) 
Siliceous: 
Sand and calcium silicate 
Sandstone, quartzite, other 
Deo Iron ore, pyrites, millscale, other iron-bearing material 
er: 
reum and anhydrite 
Blast furnace slag 
Fly ash 
Other, n.e.c 


lIncludes Puerto Rico. 


MASONRY CEMENT 


Production of masonry cement increased 
28% to 2.9 million tons. At yearend, 95 
plants were manufacturing masonry ce- 


1981 


73,026 


1982 


958 
3,148 
69 


550 
108 


107,080 


ment in the United States. Two plants 
producing masonry cement exclusively 
were Cheney Lime & Cement Co., Allgood, 
AL, and Riverton Corp., Riverton, VA. 
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Table 6.—Masonry cement production and stocks in the United States, by district 


District 


New York and Maine ______________-_~-~- 
Pennsylvania, eastern ____________-_--~- 
Pennsylvania, western ________________- 
Maryland, Virginia, West Virginia- ..- 


Michigan and Wisconsin... -- 
Indiana and Kentucky ______________--- 
MNOS set ee eee Ee 
and Tennessee 


Arkansas, Louisiana, Mississippi __ ________~— 
South Dakota_______________________ 
Iowa - E 


Idaho, Montana, Utah _______________.__ 
. Colorado and Wyoming________________- 
Oregon and Washington ---------------- 
Arizona, Nevada, New Mexico. ` 
California, southern__________________- 
UN i === a ds et 
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1982 1983 
Stocks! tocks! 
Produc- at mills, Plants Produc- at mills, 
dum Dec. 31 active tion Dec. 31 
ousand (thou- during (thousand ` (thou- 
short sand year short sand 
tons) short tons) short 
tons) tons) 
61 11 4 66 11 
180 26 6 205 35 
71 12 3 68 12 
W W 5 256 27 
19 20 4 98 21 
W W 5 165 43 
W W 4 343 58 
W W 1 W W 
W W 4 150 21 
W W 3 256 22 
218 17 5 305 24 
146 23 5 205 28 
W W 4 99 12 
6 4 1 2 1 
W W 3 32 9 
15 10 3 137 18 
W W 6 10 32 
W W 3 46 5 
158 14 7 214 17 
60 8 5 67 10 
6 5 3 6 5 
W W 2 W W 
W W 3 5 4 
63 5 3 85 5 
W W 1 W W 
6 3 2 6 2 
1,155 238 EM 44 9 
22 284 396 95 32.930 431 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


Includes imported cement. 


2Includes 2,018,000 tons produced from clinker and 266,000 tons produced from cement. 
5Includes 2,641,000 tons produced from clinker and 289,000 tons produced from cement. 


ALUMINOUS CEMENT 


Aluminous cement, also known as calci- 
um aluminate cement, high-alumina ce- 
ment, and Cement Fondu, is a nonportland 
hydraulic cement. It was produced at the 


following three plants in the United States: 
Lehigh Portland Cement, Buffington, IN; 
Lone Star Lafarge Inc., Chesapeake, VA; 
and Aluminum Co. of America, Bauxite, 
AR. 


ENERGY 


The trend toward energy conservation 
continued with most new or modernized 
plants featuring coal-burning and dry- 
process systems with preheaters and precal- 
ciners to promote efficiency in fuel con- 
sumption. 

Approximately 80% of the energy con- 
sumed in cement production was in the 
form of fuel for kiln firing to produce 
clinker. Average energy consumption per 
ton of clinker decreased 2% to 4.9 million 
British thermal units (Btu). 

The average consumption of electrical 
energy decreased 3% to 142.1 kilowatt 
hours per ton. Assuming a 40% energy 
efficiency in conversion of fuel to electrical 


energy, this represents a fuel equivalent of 
1.2 million Btu per ton. Thus, average fuel 
consumption for kiln firing plus electrical 
energy, primarily for finish grinding, was 
approximately 6.1 million Btu per ton. 
Average fuel consumption in kiln firing 
in wet-process plants, 5.4 million Btu per 
ton, was 26% higher than average fuel 
consumption in dry-process plants, 4.3 mil- 
lion Btu per ton. Approximately 56% of 
clinker production was by the dry process. 
Kilns without preheaters averaged 5.2 
million Btu per ton of clinker produced; 
those with suspension preheaters averaged 
3.8 million Btu per ton, and those with 
grate-type preheaters averaged 4.9 million 
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Btu per ton. saving additives such as fly ash and iron 
Coal accounted for 92% of kiln fuel con- and steel slag. The use of fly ash in cements 

sumption, natural gas accounted for 5%, increased 58% to 870,000 tons. However, the 

and oil accounted for the remainder. use of slags declined 29% to 49,000 tons. 
Interest continued in the use of energy- 


Table 7.—Clinker produced in the United States,’ by fuel 


Clinker produced Fuel consumed 
Plants . 2 Oil 
Fuel e antity Coal Natural gas 
i: (thousand peer (thousand euro (thousand 
ye E short tons) short tons) barrels) cubic feet) 
1982: 

Coel EE 24 11,637 19.3 2,495 e a 

Oll ne ecc das ara 2 928 1.5 c 976 
Natural ees ` 3 761 1.3 R D 7,607,179 

andoil.....-......- 29 11,912 19.8 2,160 376 
Coal and natural gas -___-_-- 54 334 37.1 4,354 M^ 11,285,363 
Oil and ipso, on TELE 3 505 8 » 152 2,569,257 
Coal, oil, natural gas _______ 24 12,177 20.2 2,062 536 4,903,188 
Total. eee eee 139 60,254 100.0 11,071 2,040 26,364,987 

1983: 
Go EE 20 9,970 15.5 2,177 se = 
Natural gas_____________ 1 61 d Wo E 235,532 
and ol, 32 16,157 25.0 2,899 632 Se 
Coal and natural gas ___ _ _ __ 58 27,778 43.1 4,829 os 10,716,278 
Oil and natural gas ___ _____ 1 108 2 SH 164 24,572 
Coal, oil, natural gas _______ 18 10,415 16.1 1,774 579 3,496,708 
Total. 130 64,489 100.0 11,679 1,375 14,473,090 
!Includes Puerto Rico. 


geo 0.6% anthracite, 96.3% bituminous, 3.1% petroleum coke in 1982; 95.8% bituminous and 4.2% petroleum 
coke in 


Table 8.—Clinker produced and fuel consumed by the portland cement industry in the 


United States,’ by process 
Clinker produced Fuel consumed 
Plants : Oil 
Process : uan Coal? Natural gas 
during (thousand end (thousand P (thousand 
year short tons) short tons) barrels) cubic feet) 
1982: 
EEN 64 25,207 41.8 5,186 1,204 14,974,907 
A E 69 31,981 53.1 5,318 810 8,564,900 
Both sm 6 ; 5.1 567 26 2,825,180 
Total... See ee 139 60,254 100.0 11,071 2,040 26,364,987 
1983 
LL RES 59 25,373 39.3 5,297 536 5,208,394 
| B; m ee E E 66 36,310 56.3 5,865 834 7,095,044 
A a 5 2,806 4.4 517 5 2,169,652 
Total up es 130 64,489 100.0 11,679 1,375 14,473,090 
‘Includes Puerto Rico. 


dos 0.6% anthracite, 96.3% bituminous, and 3.1% petroleum coke in 1982; 95.8% bituminous and 4.2% petroleum 
coke in ; 
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TRANSPORTATION 


U.S. shipments of portland cement to 
consumers were primarily in bulk, 94%; by 
truck, 94%; and made directly from cement 
: manufacturing plants, 72%, rather than 
distribution terminals. This pattern of ce- 
ment transport did not differ significantly 
from that of recent years. 


With respect to shipments of cement from 
plants to terminals, the preferred modes of 
transportation were railroads, 46%, and 
waterways,. 38%. Transportation by truck 
accounted for 13%. Cement used at produc- 
ing plants accounted for the remaining 3%. 


Table 10.—Shipments of portland cement from mills in the United States,' in bulk and in 
containers, by type of carrier 


(Thousand short tons) 
Shipments to ultimate consumer 
Shipments from From terminal From plant 
Type of carrier plant to terminal to consumer to consumer Total 
8 
e Si In a In 2n ments 
bulk tuin bulk : bulk A 
ers tainers tainers 
1982: 
Railroad __________ 7,688 116 226 - 3,207 51 3,490 
Trück ----------- 1,379 100 16,307 569 38,101 3,310 58,287 
Barge and boat ______ 7,182 84 64 2 260 13 339 
Unspecified? _______ 507 REM 216 5 321 13 555 
Total --—------- 16,756 300 16,813 576 41,889 3,393 3 462,672 
1983: 
Railroad --—-------- 8,316 103 229 285 2,959 46 3,519 
leona ci ds 2,148 125 18,205 571 42,770 3,444 64,990 
Barge and boat |... 6,900 91 72 eg 171 15 258 
Unspecified? _______ 530 Ss 67 2 103 3 175 
Total ______..-_ 17,894 319 18,573 858 46,003 3,508 368,942 
1Includes Puerto Rico. 
“Includes cement used at plant. 
“Bulk shipments were 93.7%, and container (bag) shipments were 6.3%. 
“Data do not add to total shown because of independent rounding. 
CONSUMPTION AND USES 


Cement consumption in the United 
States, excluding Puerto Rico, increased 
12% to 73.5 million tons. The increase in 
cement demand reflected increased activity 
in the construction industry and improve- 
ment of the U.S. economy. Domestic produc- 
ers’ shipments increased 11% to 70.9 mil- 
lion tons. This included 1.6 million tons of 
cement and clinker imported and sold or 
used by domestic producers. Additional im- 
ports of 1.0 million tons net of cement 
imported by certain other importers ac- 
counted for the difference between con- 
sumption and domestic shipments. 

Domestic cement shipments to all regions 
of the United States increased. Regions 
registering the largest increases were At- 
lantic, 18%; Mountain, 15%; and Pacific, 
13%. Increases in shipments to all other 
regions ranged from 6% to 9%. 


The end-use distribution pattern for port- 
land cement did not differ significantly 
from that of recent years. Ready-mix con- 
crete producers were the primary consum- 
ers, accounting for 69% of the total quantity 
shipped by domestic producers. Manufac- 
turers of concrete products used 12% of the 
total to produce concrete blocks, pipe, and 
precast, prestressed, and other concrete 
products. The remainder was used by high- 
way contractors; building contractors; ce- 


. ment dealers; Federal, State, and other 


Government agencies; and other miscella- 
neous users. 

According to the U.S. Department of 
Commerce, the value of U.S. construction 
put in place increased 13% to $263 billion.* 
Of this total value, 42% was in private 
housing; 23% was in private industrial and 


- commercial building, including farms; 7% 


CEMENT 


was in public buildings; 5% was in high- 
ways; and the remainder was in other 
public construction. 

Total private construction put in place 
increased 17% to $212 billion. The value of 
residential units put in place increased 48% 
to $111 billion, and industrial-commercial 
construction put in place decreased 2% to 
$101 billion. Total public construction put 
in place decreased 1% to $50 billion; of 
which, public buildings remained unchang- 
ed at $17 billion, highway construction. in- 
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creased 5% to $14 billion, and other public 
construction decreased 8% to $19 billion. 

Housing starts increased 60% to 1.70 
million units, consisting of 1.07 million 
single units and 635,000 multiunits, accord- 
ing to the U.S. Department of Commerce. 
Single-housing starts increased 61%. On a 
regional basis, housing starts increased 58% 
in the South to 935,000 units, 44% in the 
Northeast to 168,000 units, 86% in the West 
to 382,000 units, and 46% in the North 
Central region to 218,000 units. 


Table 11.—Portland cement shipped by producers in the United States, by district? 


1982 1983 
-— uantity Value antity Value 
District (thousand — qo. Average (thousand (theu- Average 
short sands) per ton short sands) r ton 
tons) tons) 

New York and Maine |... 3,057 $119,238 $39.00 2,889 $117,300 $40.60 
Pennsylvania, eastern _____________ — 3,771 170,217 45.14 4,107 176,75 43.04 
Pennsylvania, western- - - - -- -------- 1,029 42,729 41.52 1,046 41,787 39.95 
Maryland, Virginia, West Virginia -__--- W W 3,015 136,833 45.38 
Ohio EE 1,326 59,598 44.95 1,575 11,599 45.46 
Michigan and Wisconsin. ____________ W W W 3,680 165,924 45.09 
Indiana and Kentucky ______________ W W W 2,061 0,523 39.07 
Ilinos es et a a La 1,757 78,444 44.65 1,857 74,975 40.37 
Georgia and Tennessee _____________ W W W 2,036 85,370 41.93 
North Carolina and South Carolina _ _ _ _ _ _ W W W 1,986 83,734 42.16 
WË e, TEE 2,651 136,190 51.37 3,329 164,048 49.28 
Alabama sia ia eiert li 2,558 104,461 40.84 3,279 150,255 45.82 
Arkansas, Louisiana, Mississippi ----.--- W W Ww 2,314 119,342 51.57 
South Dakota ___________~________ 520 27,978 53.80 603 37,435 62.08 
(AA A A AA 1,622 82,225 50.69 1,644 87,836 53.43 
MUISSOUTI.- oor ad e Ac 3,205 120,339 31.55 3,499 157,249 44.94 
Kansas and Nebraska ______________ W W 2,298 119,112 51.83 
Oklahoma ____________~_________ W 1,719 ,685 48.68 
Texas, northern -~ - --------------—- 4,195 295,515 61.63 5,084 310,839 61.14 
Texas, southern -—---------------—- 4,937 250,164 50.67 4,676 223,460 47.19 
Idaho, Montana, Utah ______________ 1,259 74,291 59.01 1,504 79,060 52.57 
Colorado and Wyoming `... 1,566 97,461 62.24 1,470 90,376 61.48 
Oregon and Washington... W W 1,675 92,510 55.27 
Arizona, Nevada, New Mexico |... W 2,053 ; 60.40 
California, northern -______________ 2,039 117,990 57.87 2,281 117,660 51.58 
California, southern `... 4,425 283,893 64.16 5,286 303,289 57.38 
Hawaii _______________ EE 227 18,122 19.83 216 20,673 95.71 
A A cli uet 20,334 1,005,584 49.45 NN mee uu 
Total or average? 3 ______________ 61,080 3,084,439 50.50 67,183 3,315,690 49.35 
Foreign imports* _______________.__ 605 32,574 53.84 8 41,317 49.96 
Puerto Rico -—--------------—-—- 986 81,822 82.98 931 82,509 88.62 
Grand total or average? ___________ 62,672 3,198,835 51.04 68,942 3,439,516 49.89 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 

1Includes Puerto Rico. Includes data for white cement facilities (3 in 1983 and 5 in 1982) as follows: California (1); 
Pennsylvania (1 in 1983 and 2 in 1982); and Texas (1 in 1983 and 2 in 1982). Includes data for grinding plants (10 in 1983 
and 9 in 1982) as follows: Florida (1); Illinois (1 in 1983 only); Michigan (2); New York (1); Oregon (1 in 1982 only); 
Pennsylvania (1); Texas (3 in 1983 and 1 in 1982); and Wisconsin (1 in 1983 and 2 in 1982). 


2Includes cement produced from imported clinker. 


*Data may not add to totals shown because of independent rounding. 
*Cement imported and distributed by domestic producers only. 
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Table 12.—Masonry cement shipped by producers in the United States,! by district 


1981 1982 
OE tity tity 

District (thousand bis Average (thousand Mains Average 
short ands) Perton ` short gang Perton 
New York and Maine ` _—------------—- 66 $4,104 $62.18 69 $4,597 $66.62 
Pennsylvania, eastern __ _ _ _— ete NS 182 10,800 59.34 198 12,298 62.11 
Pennsylvania, western ______________ _ 74 3,248 43.89 64 4,797 14,95 
Maryland, Virginia, West Virginia -_____-_- W W W 246 16,974 69.00 
ON utu er Lu e at a E 86 6,170 71.74 97 7,454 76.85 
Michigan and Wisconsin ____________.__ W W W 170 9,807 51.69 
Indiana and Kentucky... . W W W 331 17,522 52.94 

UD TEEN W W W W W 
Georgia and Tennessee. W W W 160 10,459 65.37 
North Carolina and South Carolina. ------- W W W 234 14,182 60.61 
¡YI esee Lee eme A 231 16,267 10.42 313 19,557 62.48 
Alabama o ud nel E 150 9,086 60.57 210 13,417 63.89 
Arkansas, Louisiana, Mississippi --------- W W 100 6,409 64.09 
South Dakota _____________________ 4 383 95.75 4 359 89.75 
lowi qm W W W 37 3,425 92.57 
Missouri Ee to ds 88 4,855 55.17 146 7,339 50.27 
Kansas and Nebraska... W W 71 3,778 53.21 
Oklahoma cocan te WwW W W 45 3,074 68.31 
Texas, northern. ___________________ 160 10,833 67.71 196 14,184 72.37 
Texas, southern____________________ 75 5,607 74.76 80 5,520 69.00 
Idaho, Montana, Utah_________ PS 5 412 82.40 5 424 84.80 

Colorado and Wyoming - - —- - ---------—- W W W W 
Oregon and Washington |... W W W 6 598 99.67 
Arizona, Nevada, New Mexico. _ 64 5,137 80.27 85 5,999 70.58 
California, southern_________________ W W W W W W 
Hawal- ocn itc Ee 554 92.33 6 641 106.83 
Other o ou o ono AL y c 1,173 67,715 57.73 45 3,425 76.11 
Total or average?_________________ 2,364 145,172 61.41 2,921 186,240 63.76 
Foreign imports®___________________ 17 1,400 82.35 Tl 38.50 
Grand total or average ____________~_ 2,381 146,572 61.56 2,923 186,317 63.74 


Ww Withheld to avoid disclosing company proprietary data; included with “Other.” 
! Does not include quantities produced on the job by masons. 
?Data may not add to totals shown because of independent rounding. 


3Cement imported and distributed by domestic producers only. Source of imports withheld to avoid disclosing company 
proprietary data. 


Table 13.—Cement shipments, by destination and origin: 


(Thousand short tons) 
"e T Portland cement? Masonry cement 
Destination and origin ——— ——— 
1981 1982 1983 1981 1982 1983 
Destination: 

RTE EEN 988 930 1,088 16 64 85 
Algskduce -2-2-2-2 137 171 180 ebe W W 
ATI EENEG 1,479 1,245 1,645 W W W 
Arkansas — ns a gea 668 655 39 31 41 
California, northern ------------------------- 2,585 2,170 2,608 n (4) Ge 
California, southern `... 4,733 3,864 4,427 e eee W 
ColorBdO EE 1,532 1,464 1,478 21 24 26 
Connecticut®___§_§______________________ oc 590 611 626 16 13 15 
Delaware? _______________________________ 124 154 145 6 7 9 
District of Columbia?_____________________ Lll 116 139 116 2 2 1 
Floridá c o daa de al dia to si 5,335 4,081 4,866 389 317 396 
Re IA LC A LL te ye CE 1,882 1,775 2,256 151 145 189 
Haval tr do yl a a eed 302 229 216 10 6 6 
Idalig a na ses e 311 241 268 2 1 1 
Etgen EE 2,323 2,309 2,241 10 54 64 
FE TEE 1,146 1,015 1,148 71 61 68 


See footnotes at end of table. 
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Table 13.— Cement shipments, by destination and origin! —Continued 


(Thousand short tons) 
LA ad "D Portland cement? Masonry cement 
Destination and origin ——— ———————— 
1981 1982 1983 1981 1982 1983 
Destination —Continued 
mee Ee a LLL CIE EL: 1,147 1,158 1,147 16 12 12 
KANSAS at ous e Un al Lu LU ac ir os UE UR 1,086 956 983 22 18 21 
Kentucky ame ee Eme LEE 915 888 813 15 66 76 
¡PAI EA A RIA 2,597 2,453 2,490 70 67 74 
IE e EE 227 198 223 9 8 
Maryland. €. ss ad ae. ias eis 1,165 1,069 1,266 97 89 113 
Massachusetts? ____________________________ 997 991 1,077 36 32 34 
eltren A ne Ps 1,729 1,313 1,457 86 58 70 
Minnesota oie eee ee eee Ae 1,238 1,112 1,124 38 33 38 
Mississippi _________________________--_---- 841 673 716 51 39 51 
E een ce ageet ge 1,426 1,249 1,383 34 29 37 
Montana oo A eb oe Aa oe a he ee a 300 228 264 2 1 2 
Nëbräska =- secs See i ene en 667 678 715 12 9 11 
TEE 574 405 459 Kass ae Se 
New Hampshire) __________________________ _ 242 288 260 10 9 8 
New Jersey? _____§________~__ scs 2222222 1,267 1,235 1,337 57 53 56 
New Mexico _______________~ ~~____~___ ee 661 543 598 11 10 12 
New York, eastern ______________~_~________ 542 447 366 24 20 22 
New York, western _ 809 753 746 34 32 36 
New York, metropolitan? ______________________ 1,061 1072 1,312 36 38 51 
North Carolina ----------------—-—-—---——--———— 1,455 1,379 1,472 173 153 196 
North Dakota®_____________________________ 318 266 317 6 6 6 
NN eaaa a Sr e EE 2,334 2,040 2,311 124 99 116 
IHN TEEN 1,827 1,857 1,758 55 55 66 
CONN EE 626 573 553 1 1 1 
Pennsylvania, eastern ___________________--_-_- 1,458 1,391 1,481 48 44 54 
Pennsylvania, western_______________________~- 832 816 828 64 59 54 
Rhode Island? _____________________________ 118 129 147 4 A ` 3 
South Carolina ____________~_~_____ Le 905 155 858 89 81 106 
South Dakota Geet ee ocu emm LEE 239 194 274 4 3 4 
KREE 1,192 1,055 1,207 108 99 127 
juo m CREME EE EN 9,202 9,185 10,074 219 243 285 
Dial. ui tele uta tuu hs P E ee E 699 598 79 1 1 
Vermont... A Lc Le ise te ei ee eee? 125 110 133 4 
e), at WEE EE 1,531 1,357 1,646 130 108 147 
Washington. ce en DE 1,292 1,016 1,077 8 6 6 
West Virginia _____________________ Le 478 457 444 34 30 29 
WISCONSIN EENEG 1,331 1,048 1,247 41 32 36 
WN VOU 2 ee E 503 403 380 3 2 2 
US total ee ee eas 10,157 63,289 69,698 2,697 2,378 2,876 
Foreign countries> __________________________ 593 363 231 84 60 91 
Puerto A ee UE 1,151 950 920 = e — 
Total shipments _________________________ 71,901 64,602 70,849 2,781 2,438 2,967 
United States" o < —— at lis 68,197 61,080 67,183 2,738 2,364 2,921 
Puerto RCo oc Shee Ee ee is Se i 1,226 986 931 Ee ro =e 
Foreign:’ 
Domestic producers ____________~____~_______ 805 605 827 8 17 2 
Othe AE A a a a et a 1,673 1,931 1,908 35 57 44 
Total shipments _____________~_______ o 71,901 64,602 770,849 2,781 2,438 2,967 


W Withheld to avoid disclosing company proprietary data; included with “Foreign countries.” 

1Includes cement produced from imported clinker and imported cement shipped by domestic producers, Canadian 
cement manufacturers, and other importers. Includes Puerto Rico. 

2Excludes cement (1981—192,000 tons; 1982—158,000 tons; and 1983—211,000 tons) used in the manufacture of 
prepared masonry cement. 

"Has no cement-producing plants. 

*Less than 1/2 unit. 

D shipments by producers to foreign countries and U.S. possessions and territories; includes States indicated by 
sym : | 

SIncludes cement produced from imported clinker by domestic producers. 

"Imported cement distributed by domestic producers, Canadian cement manufacturers, and other importers. Origin of 
imports withheld to avoid disclosing company proprietary data. 
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Table 14.—Cement shipments, by region and subregion 


Portland cement Masonry cement 
: : Thousand short Percent Thousand short Percent 
Region and subregion? tona of total - tons of total 


1982 1983 1982 1983 1982 1983 1982 1983 


Northeast: 
New England - o oo 2,327 2,466 3.7 3.5 70 72 2.9 2.5 
Middle Atlantic _________.._____ 5.714 6,069 9.0 8.7 246 273 104 9.5 
O EE 8041 8,595 127 122 316 345 183 12.0 
South: . 
Atlantic_________________ 11,166 13,070 176 18.7 932 1,186 392 41.2 
East Central ___________--_____ 3,546 3,824 5.6 5.5 2 3399 113 118 
West Central ______-._._-_-..__- 14048 14977 222 215 396 466 166 162 
Total | LLL LLL css LL Ll 28/60 381871 454 457 1596 1991 671 69.2 
North Central 
| "ERN 1,725 8404 122 121 304 354 128 123 
Ee 5.618 5,948 8.9 8.5 110 129 4.6 4.5 
Total che rcu eee 18,888 14847 21.1 206 414 488 174 168 
West: 
Mountain ____________________ 5127 5,884 81 8.5 39 44 1.6 1.5 
Pacific -LL LlLl ILLI 8023 9061 127 180 18 18 6 5 
Total Ll ooo 18,150 14945 208 215 52 BT 2.2 2.0 
Grand total ooo... 63,289 69,698 — 1000 1000 2,878 2878 1000 100.0 


Includes imported cement shipped by domestic and Canadian cement manufacturers and other importers. 
“Geographic regions designa U.S. Department of Commerce, Bureau of the Census. 


-L EAST SOUTH 
WEST SOUTH CENA A d CENTRAL 


x 4.2 
15.4 y lA 


* includes deliveries to Alaska and Hawaii 
(million short tons) 


Figure 1.—Shipments of cement by geographic region of destination in 1983. 
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Table 16.—Portland cement shipped from plants in the United States,’ by type 


1982 1983 
Type tity Value? antity Value? 

(thousand (thou- Average (thousand (thou- AYE ME 

short tons) sands) pe short tons) sands) pe 

General use and moderate heat 
Land VD) WEE 56,191 $2,788,208 $49.62 62,549 $3,044,691 $48.68 
High-early-strength (Type IID..... 2,171 115,931 53.40 2,331 120,2 51.59 
Sulfate-resisting (Type V) ---------- 247 14,715 59.57 423 22, 52.16 
Oil wel nh a i 2,539 165,733 65.27 1,993 136,411 68.45 
A ee 285 6,94 129.64 249 38,172 153.30 
Portland slag and portland pozzolan _ .. _ _ 673 36,085 53.62 691 35,312 51.10 
Expansive... be eee 29 2,147 74.03 45 3,316 73.69 
Miscellaneous? _____________ 536 39,069 72.89 662 39,299 59.36 
Total‘ or average _____________ 62,672 3,198,835 51.04 68,942 3,439,516 49.89 
1Includes Puerto Rico. 


2Mill value is the actual value of sales to customers, Lob, plant, less all discounts and allowances, less all freight 


charges to customer, less all freight c 


from prod 
operating terminal if any, less cost of paper 


ucing plant to distribution terminal if any, less total cost of 
and pallets. 


“Includes waterproof, low-heat (Type IV), and regulated fast-setting cement. 
*Data may not add to totals shown because of independent rounding. 


PRICES ` 


The average reported unit mill value of 
all types of portland cement decreased 2%, 
the second consecutive year of decline fol- 
lowing a 6% average annual rate of in- 
crease from 1979 to 1981. The average 
reported unit mill value of masonry cement 
prepared at cement plants increased 4%, 
following a 4% average annual rate of 
increase from 1979 to 1982. 

According to Engineering News-Record 
(ENR), yearend prices of bulk portland ce- 
ment for 20 U.S. cities averaged $61.78 per 


ton. This was 22% above the average re- ' 


ported mill value obtained from the Bureau 
of Mines canvass of cement producers. The 
lowest ENR quotation was $54.03 per ton 
for St. Louis, MO, and the highest was 
$78.30 per ton for Denver, CO. 


Table 17.—Average mill value, in bulk, 
of cement in the United States! 


(Per short ton) 
Prepared All 
Portland 
Year mason classes 
cement cement of cement 

AAA $46.24 $54.59 $46.61 
1980 ______ 50.89 62.11 ^ 51.832 
1981 ______ 52.20 59.29 52.46 
1982 ______ 51.04 61.56 51.43 
1988 ______ 49.89 63.74 50.45 


1Includes Puerto Rico. Mill value is the actual value of 
sales to customers, f.o.b. plant, less all discounts and 
allowances, less all freight charges to customer, less all 
freight charges from producing plant to distribution termi- 
nal if any, less total cost of operating terminal if any, less 
cost of paper bags and pallets. 
asonry cement made at cement plants only. 


FOREIGN TRADE 


This section contains U.S. trade data 
reported by the U.S. Department of Com- 
merce, Bureau of the Census. Import and 
export totals contain data for the United 
States plus U.S. possessions and territories. 

Exports of hydraulic cement and clinker 
decreased 42%. Of the 118,000 tons export- 
ed, 90% was shipped to Canada, 5% to 
Mexico, and 5% to 47 other countries. These 
exports accounted for 0.16% of total ship- 
ments from U.S. and Puerto Rican mills. 

Imports of hydraulic cement and clinker 


increased 46% to 4.3 million tons; of this, 
24% was clinker. Canada supplied 52% of 
the total, followed by Mexico, 19%; Spain, 
17%; France, 4%; and 18 other countries, 
8%. U.S. net import reliance, excluding 
Puerto Rico and the Virgin Islands, was 6% 
of apparent consumption. 

Imports of white nonstaining portland 


. cement increased 78% to 160,000 tons. Five 


countries—Belgium-Luxembourg, Canada, 
Denmark, Mexico, and Spain—accounted 
for 97% of white cement imports. 
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Table 18.—U.S. exports of hydraulic cement and cement clinker, by country 


1981 1982 1983 

unt antit Value antit Value Quantity Value 

FEMMES unt d (thou- BS á (thou- (short (thou- 

tons) sands) tons) sands) tons) sands) 
Bahamas_________________ 3,126 $300 515 $70 220 $43 
Canada _ 208,278 18,251 134,340 18,748 106,011 12,183 
Ecuador _________________ 517 210 751 177 141 56 
Hall ie a c ceris 346 37 516 52 19 7 
Leeward and Windward Islands .. _ _ 1,422 160 1,906 199 112 13 
Mexico _________________- 69,968 7,374 54,878 5,145 6,121 2,921 
Pera) aca lllud tr a ey 1,575 347 428 79 24 34 
Saudi Arabia ______________ 4,157 1,429 2,336 877 1,343 570 
Venezuela ______________~_ du 2,528 699 4,027 1,143 912 167 
Other? -—-—------------——- 710,860 12 757 3,609 966 3,491 1,365 
Total? aci Sa Ss 302,777 31,564 203,366 27,456 118,393 17,360 


"Revised. 
1Includes 53 countries in 1981; 50, in 1982; and 40, in 1983. 
?Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 


Table 19.—U.S. imports for consumption of hydraulic cement and clinker, by country 
(Thousand short tons and thousand dollars) 


1981 1982 1983 
Country Quantit Value Gute Value Quantit Value 
u d EE NE ED SE EE EEL NED 
Se Customs ` Cif! idend Customs Cif! RN Customs Cif! 

Australia ______ 67 2,158 3,223 116 4,027 5,833 46 1,340 1,905 
Bahamas `. 4 195 2 57 2,245 2,6 

Canada _______ 2,338 83,660 97,390 2,074 76,798 82,432 2,201 86,198 92,851 

Denmark ______ 1,997 2,51 52 1,629 2,23 2,748 3,338 

France... 239 12,614 13,351 131 6,058 6,296 153 6,435 7,507 

Japan ________ 569 20,944 26,032 87 3,153 4,519 (2) 100 118 

Korea, Republic of _ E "a M 19 748 151 69 3,228 4,144 

Mexico... ..- 83 4,623 4,625 132 6,154 6,228 826 30,844 33,539 

Spain. _______ 322 12,357 15,800 245 8,626 11,891 737 23,833 29,303 

Other ________ 323 12,692 16,098 16 1,448 2,059 193 6,713 8,820 

Total cesas 3,997 . 151,240 179,259 2,929 110,886 124,912 4,268 161,489 181,525 


1Cost, insurance, and freight. 
2Less than 1/2 unit. 
3Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 


Table 20.—U.S. imports for consumption of clinker, by country 
(Thousand short tons and thousand dollars) 


1981 1982 1983 
Country Guantit Value Gunia Value anit Value 
———— any ——— VN ee 
S Customs Cif? " Customs Cif! d Customs ` Cif! 
Canada ....... 578 19,421 21,570 320 11,326 12,621 446 14,786 16,534 
France... 239 12,605 13,336 130 6,057 6,296 152 6,389 7,439 
Japan ________ 374 12,938 16,442 Rae SN ës d NT WS 
Mexico... E S a 20 995 995 192 6,899 7,373 
Spain-.------- 34 1,152 1,359 me» ES ES 214 5,559 6,437 
Other ________ 1 331 435 (2) 7 8 EN Me ns 
Total? ______ 1,226 46,441 53,142 470 18,385 19,920 1,005 33,633 37,784 


1Cost, insurance, and freight. 
2Less than 1/2 unit. 
"Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 
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Table 21.—U.S. imports for consumption of hydraulic cement and clinker, - 
by customs district and country 


(Thousand short tons and thousand dollars) . 


1982 . 1988 
Customs district and country Quan- Value Quan- Value 
tity Customs Cif! tity Customs Cif! 
Anchorage: Canada __________ 45 2,011 2,346 36 1,871 2,302 
Baltimore: 
Netherlands... A Ea oe (3) (2) (3) 
United Kingdom _________-— aoe ER SCH (?) 5 6 
Total AA e " m (2) 5 6 
Bridgeport: Canada |... 3 
Buffalo: Canada- - ----------- 643 23,691 25,849 650 26,635 30,207 
Chicago: 
EE (3) (2) 1 3) 4 4 
Germany, Federal i Republic of __ à 1 1 ER zl s 
Japan- 22-22-2222 2-- RON x -- QE 12 15 
Total c eb aaa (3) 2 (3) 16 19 
Cleveland: Canada ________ ~~ (3) 3) 1 ies = c 
Detroit: 
Belgium-Luxembourg - ------ T n ut 3) 12 15 
ELE 239 11,957 12,582 814 16,839 17,095 
Tol cet 239 11,957 12,582 314 16,850 17,110 
Duluth: Canada ~- - - - ---- -----— 86 2,921 8,285 92 ' 8,200 ,654 
El Paso: Mexico... .------ 22 1,129 1,129 178 7,660 i 
Great Falls: Canada .........- 5 414 4 290 
Honolulu: Korea, Republic of... ...... Su M Sa 87 2,898 2,824 
Houston 
Ee € TM Ei: 1 102 152 
Colombia_.......-~--...- Ra Et á 141 180 
Germany, Federal Republic of .. _ (2) 26 BS SCH ae 
Mexico... ~~~ -- et, Sa E 86 2,442 2,870 
Spain <2 sec ee cece uM Z2 Sé 164 4,074 : 
Sweden... ...--.------- "x RS Ke (3) 7 
Yugoslavia. ooo... Se MM Eë 3) 59 14 
Total? ____--------—-- (3) 24 26 255 6,822 8,147 
Laredo: a 
EN 
Mexico 22-22-22 - 83 8,713 8,795 81 2,926 2,926 
Total EE 83 3,780 8,803 81 2,926 2,926 
Los Angeles: 
Australia. ____________.__ 116 W W 46 W W 
Germany, Federal Republic of _ _ (2) W W TM E m 
SPAM Sa a e (?) W W 39 W W 
Yugoslavia. _____________ W W 1 W W 
Total? .— Le 118 4,639 6,000 87 2,727 3,903 
Miami 
Bahamas______________~_ 38 1,502 1,805 Pe E 
Belgium-Luxembourg . _ _ _ ` — 4 3 223 ; 371 
Colombia... _~_ ed Ge ut 39 1,050 1,397 
Costa Rica __ ___________- ES zio (?) 1 2 
Denmark ....--.-- 52 1,627 2,232 792 995 
France __________--__-- PRI __ P 1 
Mexico _____________-_- 6 217 245 175 5,565 6,574 
D o VEH 146 4,229 6,036 146 3,690 4,819 
enezuela ~- —------------ ES MUN P 51 1,550 1,951 
Total? «uo rure 246 7,832 -« 10,738 443 12,871 16,111 
Milwaukee: Canada --_--_._.__- 21 661 715 94 2,909 3,361 
Mobile: Colombia - _ - -- --- - - - - Ae EA gek 5 175 222 
New Orleans 
Canada 2 -- 20 666 972 21 1,083 1,463 
Hong Kong -----------—-- (?) 52 53 Ses S 
Mexico _______________~_ dE a BS 29 820 967 
Total? |... 20 718 1,025 50 1,902 2,430 


See footnotes at end of table. 
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Table 21.—U.S. imports for consumption of hydraulic cement and clinker, 
by customs district and country —Continued 


(Thousand short tons and thousand dollars) 


1982 1983 
Customs district and country Quan- Value Quan- Value 
tity Customs C.i.f.! tity Customs Cif! 
New York 2 
Germany, Federal Republic of _ _ __ e- Sek (?) 2 2 
Norway. - ------------—-- me oe ae 24 605 788 
POI so so a E t Si 184 4,842 6,137 
Total®____§__§________ NN E. ex. 208 5,448 6,927 
Nogales: Mexico ____________ (?) 10 10 50 2,162 2,162 
Norfolk: 
Canada________________ (?) 4 m sf? Se 
EE EE 24 2,439 2,503 26 2,739 3,536 
Germany, Federal Republic of _ _ (?) 5 3) 3 6 
Mexico ________________ 2 Be Ee (2) 1 1 
Total? . oo 24 2,447 2,512 26 2,743 3,544 
Ogdensburg: Canada__________ 163 5,043 5,043 246 7,918 7,918 
Pembina: Canada... 54 2,827 2,827 46 2,340 2,340 
Portland, ME: Canada... ..... 10 337 337 10 329 329 
Portland, OR 
Japan calco ts can a Séien e (2) 36 37 
Yugoslavia______________ a= Se ur (?) 5 10 
Total! _____________ - » MTS (3) 
St. Albans: Canada... 468 14,112 14,112 582 18,567 18,570 
San Diego 
JAPAN. ita Sr 70 2,583 3,672 = Sis 
Korea, Republic of. NM ite Zan 32 830 — 1,320 
Mexico ________________ 15 824 824 159 7,043 7,751 
Total- tS ee 85 3,407 4,496 191 7,873 9,071 
San Francisco 
CH TEE 18 569 838 3) 46 55 
Korea, Republic of ||... 19 748 151 d Ge ae 
Total. 2c Lc mem 37 1,317 1,595 CH 46 55 
San Juan, PR: 
Belgium-Luxembourg -___-_-- 6 593 910 8 665 1,013 
EE 5 521 880 3 454 
Colombia- -----_--.-.-__..__ 1 65 74 1 23 
Costa Rica --_--_---____.__ Sg Se es 15 638 711 
France ooo o ER d (2) 1 2 
Spain illl clerum 3 249 395 12 830 1,107 
Venezuela BEER wide ENS Ke 3 155 
"Total? 15 1,428 2,259 42 2,767 3,607 
Savannah: Italy. ___________- SN See Se 1 157 
Seattle 
Exi ER M MCR REN OR 78 3,194 3,670 78 8,206 3,691 
Japan... meca (2) 6 (2) 6 11 
United Kingdom ________-__ e Ge E 3) 1 2 
Yugoslavia... LLL LLL LLL s ME "e 3) 14 24 
d'Nei EE 78 3,200 3,679 79 3,227 3,727 
Tampa 
AA ES 19 741 861 m zs 
Canada________________ 165 7,715 9,328 25 1,053 1,071 
Colombia. ~___~____ AE NT id "e 25 765 
Denmark___________._._._ Ge ic zo 19 1,956 2,342 
France ____~____________ 107 W W 127 
Mexico ostia ra 6 206 233 74 2,226 2,629 
E AA IE 96 W 192 
nited Kingdom __________ 70 39 54 ee E? dee 


Total* eg 463 16,652 19,674 462 18,812 21,596 


See footnotes at end of table. 
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Table 21.—U.S. imports for consumption of hydraulic cement and clinker, 
by customs district and country —Continued 


(Thousand short tons and thousand dollars) 


1982 1983 
Customs district and country ` Value " Value 
tity Customs Cif. tity Customs Cif. 
Virgin Islands of the United States: 
minican Republic .. —--—--— 1 157 233 ee a TUN 
French West Indies. . _ 3 168 217 s. se = 
Leeward and Windward Islands _ ne ae s 5 255 305 
Toto o Reus 4 325 450 5 255 ` 305 
Grand total? __________ 2,929 110,886 124,912 4,268 161,439 181,525 
W Withheld to avoid disclosing company proprietary data; included in “Total.” 
1Cost, insurance, and freight. 
2Less than 1/2 unit. 
3Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 
Table 22.—U.S. imports for the consumption of cement and clinker 
(Thousand short tons and thousand dollars) 
Roman, portland, Hydraulic White 
other cement nonstaining Total! 
y hydraulic cement clinker portland cement 
ear —— ————ÀM 
Value Value . Value Value 
Quantity (cus- Quantity (cus- Quantity (cus- Quantity (cus- 
toms) toms) toms) toms) 
AA 4,664 165,258 4,668 131,873 81 5,221 9,413 302,358 
(LEE 3,232 115,271 | 1,917 73,931 114 6,371 5,263 195,578 
L1.) EE 2,654 94,653 1,226 46,447 117 10,140 3,997 151,240 
1982 AAA 2,369 81,710 470 18,385 90 10,791 2,929 110,886 
KEE 3,104 109,791 1,005 33,633 160 18,014 4,268 1,439 


1Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 


WORLD REVIEW 


World cement production increased 5%. 
A number of the major cement-producing 
countries, especially Brazil, China, the Re- 
public of Korea, India, Taiwan, and the 
United States, recorded strong gains. Pro- 
duction decreased 14% in Turkey and 1396 
in Mexico. Competition among exporting 
countries remained strong as many coun- 
tries tried to find new markets for surplus 
cement. Despite this, a number of countries, 
particularly Brazil, Egypt, India, Mexico, 
and Turkey, continued with projects to 
increase cement capacity. 

Rock Products magazine published its 
annual international cement review cover- 
ing significant worldwide activities in the 
cement industry.5 

Argentina.—Although | many cement 
plants operated at only 70% of capacity, the 
industry brought two new plants into oper- 
ation. Cementera Santa Cruz S.A. began 
production from its 1,900-ton-per-day ce- 


ment plant in Santa Cruz Province, and 
Cementos N.O.A.'s 689,000-ton-per-year Rio 


Juramento plant near Salta went into oper- 


ation. Calera Avellaneda S.A. was convert- 
ing a preheater kiln line at its Olavarrio 
cement plant to raw meal precalcination. 
At completion, now scheduled for late 1984, 
production was expected to be increased 
from 440 to 770 tons per day. 
Brazil.—Although cement production 
was only about two-thirds of existing capaci- 
ty, cement companies continued to expand 
their production capacity. Capacity was ex- 
pected to increase from 35 million tons per 
year in 1983 to 59 million tons per year in 
1987. Cia. de Cimento Atol doubled the 
capacity of its Sao Miguel dos Campos plant 
to 1,000 tons per day, Ciminas Cimento 
Nacional de Minas S.A. completed expan- 
sion of its Pedro Leopoldo plant to 1.1 
million tons per year, and Cia. Cimento 
Portland Itau finished expansion of its Itau 
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de Minas plant. Cia. de Cemento Itambe 
continued its work to increase the Campo 
Largo plant clinker capacity from 1,400 to 
2,200 tons per day, and Cimento Portland 
Mato Grasso S.A. was developing plans for a 
660,000-ton-per-year plant near Nobres. 

Canada.—Portland cement producers 
suffered through a second consecutive year 
of unusually low demand. Plant closures for 
extended periods were common as produc- 
ers adjusted to the poor market conditions. 
Exports of cement and clinker remained 
about the same as in 1982.* 

China.—Cement production increased 
15% to 119 million tons. China National 
Technical Import Corp. was constructing a 
1.4-million-ton-per-year, dry-process plant 
at Ningguo. | 

France.—Ciments LaFarge (France) con- 
tinued to modify its plant at Saint-Pierre-la- 
Cour. The plant was to be converted to coal 
firing and a five-stage preheater added. 
Capacity was to be increased from 1,800 to 
4,200 tons per day. Capacity at Cimento 
LaFarge's Lexos plant was increased 24%, 
and the plant was made capable of burning 
coal shales, petroleum coke, and coal with 
up to 30% ash content. 

Germany, Federal Republic of.—After 
declining for 4-years straight, cement pro- 
duction in 1983 was about the same as in 
1982. Although construction activity in- 
creased, cement production was only 60% of 
capacity and one plant closed during the 
year. 

Greece.—Cement exports increased an 
estimated 10% while production increased 
16%. Exports went mainly to Saudi Arabia, 
Nigeria, Libya, Egypt, and Persian Gulf 
countries. Halkis Cement Co. was adding 
precalcining systems and expected to in- 
crease capacity to over 3.3 million tons per 
year. The company was also converting 
three kilns to coal firing to reduce energy 
costs. 

India.—The cement industry continued 
its aggressive program of modernization 
and expansion of existing plants and con- 
struction of new plants. Cement Corp. of 
India continued construction of its 1.1- 
million-ton-per-year plant at Tandur. The 
plant was expected to go into production in 
1985 and to be the most modern in India. 
The company was also planning a 1.1- 
million-ton-per-year expansion of its Nee- 
much plant. The Indian Rayon Corp. was 
constructing a  1,650-ton-per-day, dry- 
process plant at Rayon. The plant was 
designed to operate on low-Btu Indian coal. 
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Work continued on the Century Spinning 
and Manufacturing Co. Manikgarh Cement 
Div.’s new 1.1-million-ton-per-year, dry- 
process plant at Chandrapur and Coroman- 
del Fertilizers Ltd.’s 3,600-ton-per-day plant 
near Chilamkur. Both were scheduled for 
completion in 1984. Several other compa- 
nies were planning future expansions and 
new plants. 

Japan.—Cement exports rose 27%, to 16 
million tons, mainly because of increased 
sales to Southeast Asia and the Middle 
East. The Middle East received 60% of 
Japan’s cement exports. Domestic demand 
continued to decrease because of a recession 
in public and private construction. In Au- 
gust, the cement industry formed a cartel, 
and domestic producers agreed to reduce 
production and sales. No new kilns were 
installed during the year. 

Korea, Republic of.—Cement production 
increased, but exports declined 16% as a 
result of lower construction activity, partic- 
ularly in the Middle East. A price cartel, 
maintained for the last 12 years by the six 
major Korean cement producers, was 
dissolved. The Republic of Korea continued 
to explore new markets in the United 
States. | 

Mexico.—Cementos Guadalajara S.A. be- 
gan operating a new 2,500-ton-per-day line 
at its Guadalajara plant. Grupo Cementos 
Tolteca, an associate of Blue Circle Indus- 
tries, continued a 1-million-ton-per-year ex- 
pansion of its Tolteca cement plant. 

Turkey.—Turkiye Cimento Sanayii TAS 
started operation of two new cement plants 
and continued construction of five other 
plants. The two new plants, at Samsun and 
Adiyaman, had a combined clinker capacity 
of 1.2 million tons per year. The five plants 
under construction, at Diyarbakir, Siirt, 
Urfa, Edirne, and Denizli, were expected to 
add about 2.9 million tons per year to 
Turkey's cement capacity. In addition, the 
Ankana, Erzurum, and Gaziantep plants 
increased capacity by 175,000, 170,000, and 
175,000 tons per year, respectively, by add- 
ing new cement mills. 

United Kingdom.—As part of a major 5- 
year program to modernize its cement man- 
ufacturing and distribution operations, 
Blue Circle Industries continued conversion 
of the present three-kiln, semidry process at 
its Cauldron plant to a single precalciner 
kiln operation. Capacity was not changed, 
but energy and labor costs were reduced. A 
similar conversion was planned for the 
Dunbar works at East Lothian. The compa- 
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ny also announced plans to close wet- 
process plants at Cambridge and Snodland. 

Yugoslavia.—An expansion of the Kos- 
jeric plant continued on schedule. A new 
2,400-ton-per-day production line was ex- 
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pected to be completed in 1984. In the 
planning stage were a 900,000-ton-per-year 
clinker grinding plant at Podruta and new 


plants at Bela Palanka and Golubac. 


Table 23.—Hydraulic cement: World production, by country: | 


(Thousand short tons) 
Country 1979 

Afghanistan? ?7________________________e 3155 
Albania co a eu ae 930 
Algeria 2-5 LLL A M ease etes Y4 154 
Angola Sata ica id a E LLL e 440 
ATQentiNa. a ai cer 7,349 
Australia MR 5,779 
AULA: tit it HR" 6,185 
Bahamas AAA A 496 
Bangladesh* __________________________ 355 
AS AA SA 8,491 
E TEE 271 
FAQ —————Á—————Á— 21,419 
DIO m ————— — E M 5,954 
Ee eee ee 431 
IR ai s cae wee aae eqs Ss ae ee oiii 540 
Canadi — i ee EN 12,969 
Cape Verde Islands __ ______________~_____ (5) 
ITT 1,491 
TEE 81,461 
Colombia <> yaa ca hal et, al 4,693 
Costa RICA: === ce ee 582 
Cubü. a i to a o ta E 2,879 
jj —— —————— a 1,251 
Czechoslovakia_ _____________----------- 11,307 
Denmark: 2.22.2 "-""—————— 2,659 
Dominican Republic |... 977 
ECUBdOE e ee cee Si eric dd ces 1,211 
toy ag erp OE teen A a 3,260 
El SalWad0r E r651 
Ethiopia ---—---------------------—-——-— 3103 
Eeer ee E 106 
Einlahid 2 EE D 1,928 
LA 31,774 
Gaboh E 101 
German Democratic Republic... 13,529 
Germany, Federal Republic of. -_-___________-- 140,825 
Ghana fies oe a Ma 298 
llo A e e E S 13,336 
(E ET EE 632 
¿NA aes E 261 
Honduras ——— e ee id ia 255 
Hong Kong ELE al 1,410 
Hungary 5l ee Le 5,354 
Iceland: air cen ets osea a reos Les 139 
IT, eno EU cu Eu el EU LU E 20,133 
Indonesia ———— a a cec 5,179 
4:9: A A OTE SE EEA 9,921 
A A A 5,622 
Ireland E 2,278 
O ou oer enh oe on rte te ee Ee LEE te ees 2,116 
eebe 43,309 
Jamaica- o ren i Os ee 249 
JAPAN See eae ee ee eee la eee Se ™96,786 
A yd ee eh EA 1687 
¿A A IR AAA 938 
Korea, North __2_________ LLL LLL Ll 8,818 
Korea, Republic of. - - - - - - - --------------—- 18,092 
Küwait bebe 1,146 
Lebanoni- cete che ee ee EE Eus 12,339 
E, EE 150 
Libya” Sie a Se ee LUE SR 3,527 
Duxembourg..< pe Ee ee 351 
EE TEE 77 
Malawi: tata ot a a ege 114 
Malaysia: qe "-—— ee 2,497 
ANE E os e e teo le ha als 29 


See footnotes at end of table. 


1980 


1981 


"105 
1,200 
4,916 

276 
7,331 


1982° 


r €132 
1,200 

r €5,071 
"331 


2 
bh) 
SE 
E 
Go 


" 
o 
A 
e 
K 


1983° 


Table 23.—Hydraulic cement: World production, by country! —Continued 
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(Thousand short tons) 
Country. 1979 1980 1981 1982P ` 1983* 
Mešin um in CU a ee et T 16,731 17,924 19,914 21,272 18,574 
Mongol: tl al 202 196 231 386 370 
MOROCCO IA A O 3,611 3,915 3,975 4,097 4,189 
Mozambique __________________________ 301 r 6260 9232 288 331 
Nepal ccce aS peg coca nts ae i 24 34 34 e28 351 
Netherlands ___________________________ 4,080 4,128 3,655 3,420 3,285 
New Caledonia. ________________________ 62 62 55 58 66 
New Zealand_________________________-_ r829 r794 837 861 3838 
NAT AAA 95 170 *110 *110 110 
NIgeOR n2 nun har eic tust rss 42 45 41 42 44 
Nigera AE ee ie ale ee 1,918 12,646 2,976 r €3.968 3,968 
NORWAY ss o ta is 2,422 2,307 1,964 1,879 1,874 
LI A e 3,768 3,677 3,900 4,031 4,189 
IG AA AN 562 623 573 386 386 
A AAA eege 171 195 . 177 121 110 
¡ANN A AA 2,643 2,391 3,395 2,855 2,535 
Philippine ______________.._________- 4,354 74.939 4,508 4,850 4,850 
TN, WEE 21,138 20,330 15,680 17,676 317,817 
ua EE 5,664 6,336 6,280 6,577 ,504 
Qatar nee db A ee M NN 273 230 284 288 292 
Romania getrennte es 17,194 17,208 16,255 16,529 16,535 
Saudi Arabia -—---------------------—-——- 2,425 3,858 5,512 €6,600 7,716 
Senegal -222 L LLL LLL LLL 420 t425 410 400 408 
Singapore -— ---------------—------—--——-— €1,488 2,152 2,484 €2,200 2,971 
South Africa, Republic of... 7,606 7,937 8,923 8,830 38,677 
Spain (including Canary Islands)’ ___________-- 30,768 130,876 31,494 * €31,967 333,767 
Sri Lanka o aries 653 629 708 r e717 3558 
SU o EE rau 203 204 165 202 220 
SUERG 68 76 78 *80 80 
Sweden AAA AAA 2,631 12 695 2,555 2,538 2,535 
Switzerland. _____~___~_~________________e 4,336 4,687 4,795 4,518 34.564 
AAA A AAA 2,036 2,199 2,458 3,142 33,142 
ju con 113,114 15,501 15,809 14,806 316,325 
MM A A RA 309 r 6311 8433 r e551 551 
E DEE 5,793 5,883 6,904 ` 7,285 38,006 
Trinidad and Tobago -------------------——- 236 1205 153 208 209 
TUNISIA: === 503 ei ta ia a da 1,524 1,962 2,221 €2,200 2,156 
Turkey Ca se oM A e 715,193 714,191 16,582 17,392 314,987 
(BT TE 55 11 22 *33 44 
USSR m Rm. me s AA es ee 135,605 137,843 140,180 136,335 141,096 
United Arab Emirates ___________________-_ 1,400 1,896 2,447 *3,300 3,968 
United Kingdom- ~~~ _~_~___ oo 17,791 16,323 14,140 14,288 314,767 
United States (including Puerto Rico) ___________ 85,904 76,709 72,932 64,341 371,341 
Uruguay Ll A et r757 1755 761 607 617 
Venezuela ooo 4,386 5,338 5,401 6,166 34 571 
Vietnam“ o ee eue 804 r707 r601 880 31,023 
Yemen Arab Republic |... 2.55 99 89 90 261 216 
Ké TEE 10,011 10,268 10,781 10,712 310,573 
KEE 496 T488 450 . 440 441 
CEN TEE 220 176 154 170 3171 
Zimbabwe_ ---------------—--—------——— 437 r517 606 €440 441 
OCR he eth ad ef eee Ls 1961,595 1973,849 979,296 969,338 1,020,346 
“Estimated. Preliminary. ‘Revised. 


SE includes data available through June 20, 1984. 
2Y ear beginning Mar. 21 of that stated. 


3Reported figure. 


¿Data are for the year ending June 30 of that stated. 


SRevised to zero. 


®Converted from officially reported data provided in terms of 94-pound cement bags. 


7Excludes natural cement. 
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TECHNOLOGY 


Cement.—A new precalcining process us- 
ing a recirculating fluid-bed technique was 


installed at Ciments LaFarge’s Port-La- : 


Nouvelle plant in France. Industrial-scale 
tests were performed to evaluate the effi- 
ciency of the technique and a second series 
of tests involving adaptation of existing 
equipment to optimize the economics of the 
new system was scheduled.’ 

Researchers at the Israel Institute of 
Technology studied the effect of added gyp- 
sum on the compressive strength of port- 
land cement samples that were wetted and 
allowed to setz The samples were made 
from the same clinker, with and without 
added gypsum, and had initial porosities of 


28.8% to 34.4%. Porosity, degree of hydra- 


tion, average density of the hydration prod- 
ucts, and compressive strength were deter- 
mined for each of four initial porosities and 
curing times of 1, 3, 7, and 28 days. Addition 
of gypsum increased compressive strength, 
particularly in the first 3 days. The increas- 
ed strength was attributed to increased 
average density of the hydration products 
formed in the presence of gypsum, and the 
increased density was attributed to the 
pressure generated when ettringite was 
formed. 

Concrete.—The Bureau of Mines com- 


pleted underground testing of steel-fiber- 
reinforced concrete mine support cribbing.? 
Previous studies had indicated that steel- 
fiber-reinforced concrete cribbing was supe- 
rior in performance and cost to the wood 
cribbing usually used for support in under- 
ground coal mines.'^ The latest tests were 
conducted to verify and demonstrate the 
effectiveness of the concrete cribbing and to 
establish design guidelines for their use. 
The test results supported the superior 
performance and indicated favorable eco- 
nomics. The new material was accepted 
enthusiastically by the mining industry. 


1Physical scientist, Division of Industrial Minerals. 

2Mineral specialist, Division of Industrial Minerals. ` 

‘International Trade Administration (U.S. Department 
of Commerce). Construction Review. V. 30, No. 2, Mar.- 
Apr. 1984, pp. 18-25. 

“Engineering News-Record. ENR Materials Prices. V. 
212, No. 1, Jan. 5, 1984, p. 51. 

5Reck Products. International Cement Review. V. 87, 
No. 4, Apr. 1984, pp. 47-80. 

SStonehouse, D. H. Canadian Mineral Surveys, 1983. 
Can. Dep. Energy, Mines and Resour., pp. 61-62. 

“Page 49 of work cited in footnote 5. 

8Soroka, I., and M. Relis. Effect of Added Gypsum on 
Compressive Strength of Portland Cement Clinker. Am. 
Ceram. Soc. Bull., v. 62, No. 6, June 1983, pp. 695-703. 

9Smelser, T. W, and L. N. Henton. Ce Crib Design 
and Field Testing. BuMines RI 8804, 1983, 41 p 

10Anderson, G. L., and T. W. Smelser. Development 
Testing and Analysis of Steel-Fiber-Reinforced Concrete 
Mine Support Members. Support System AA and 
Results of Laboratory Investigation and Full Test- 
ing. BuMines RI 8412, 1980, 38 pp. 


Chromium 


By John F. Papp’ 


In 1983, reported chromium consumption 
was 305,000 short tons, a strong increase 
over that of 1982. The reported consumption 
of chromium by refractory and chemical 
consumers declined marginally, while that 
of metallurgical consumers increased signif- 
icantly. This increase in chromium con- 
sumption reflects increased demand for 
steel. Stainless steel production increased 
by 42% compared with that of 1982; ship- 
ments increased by 27%. 

Imports for consumption of chromite con- 
tinued to decline, while those of ferrochro- 
mium increased. The decline in chromite 
imports reflects the marginal decline in 
refractory and chemical industry chromite 
consumption. Metallurgical industry chro- 
mite consumption decreased by more than a 
factor of 7, while net production of chromi- 
um ferroalloys, metal, and other materials 
dropped by a factor of about 3. The concur- 


rent decline in acquisition of chromium in 
the form of chromite and increase in its 
acquisition via ferrochromium is a trend 
that started about 1970. This trend reflects 
the steel industry’s greater use of foreign- 
produced ferrochromium compared with 
that produced domestically. 

Domestic Data Coverage.—Domestic pro- 
duction data for chromium ferroalloys and 
metal are developed by the Bureau of Mines 
by means of two separate, voluntary sur- 
veys. These two surveys are the monthly 
Chromite Ores and Chromium Products and 
the annual Ferroalloys. The six metallurgi- 
cal industry operations, listed in table 3, 
represent 100% of domestic production 
shown in table 4. Eighty-three percent of 
those operations responded to both the 
Chromite Ore and Chromium Products and 
the Ferroalloys surveys. 


Table 1.—Salient chromium statistics 


(Thousand short tons) 
1979 1980 1981 1982 1983 
CHROMITE 
United States 
EXDOHS EE 27 6 71 8 11 
Reexports --—------------------——- 28 44 67 57 5 
Imports for consumption ______________ 1,024 982 898 507 190 
Consumption _____~_~_~_~_~_~ ~~ o 1,214 977 889 545 325 
Stocks, . 3 1: Consumer ooo 907 675 728 545 450 
World: Production- ________________.___ 110,277 710,438 9,660 P8,770 €8,921 
CHROMIUM FERROALLOYS! 
United States: 
Production ______________________ 273 2239 2926 2119 236 
Le EE 15 32 14 5 4 
E ox aoe chs ee ee 1 1 (3) 2 
Imports for consumption __ ________ __ — 242 302 440 148 282 
Consumption -—-——--------------——— 528 412 423 262 388 
Stocks, . 31: Consumer |... -— 56 58 54 26 26 
World: Production____________________ 3,458 T3507 3,315 P3,030 €2,841 


*Estimated. Preliminary. ‘Revised. 


1High- and low-carbon ferrochromium plus ferrochromium-silicon. 
2Includes chromium metal, exothermic chromium additives, and other miscellaneous chromium alloys. 


3Less than 1/2 unit. 
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Legislation and Government Pro- 
grams.—Two legislative studies on chromi- 
um were published: (1) U.S. Mineral De- 
pendence on South Africa by the Senate 
Foreign Relations Committee (SFRC) and 
(2) Strategic and Critical Nonfuel Minerals: 
Problems and Policy Alternatives by the 
Congressional Budget Office. The SFRC re- 
port recommended preservation of the do- 
mestic ferrochromium industry to permit a 
flexible foreign policy. 

Countervailing duties imposed on chromi- 
um materials imported from countries that 
offer bounties or grants on the manufac- 
ture, production, or exportation of such 
materials are covered under section 303 of 
the Tariff Act of 1930 and the Trade Agree- 
ments Act of 1979. Complaints by domestic 
producers have resulted in countervailing 
duties applied against high-carbon ferro- 
chromium from the Republic of South Afri- 
ca and ferrochromium from Spain. The 
countervailing duty assessment is periodi- 
cally reviewed. Reviews of countervailing 
duties on high-carbon ferrochromium from 
the Republic of South Africa and on ferro- 
chromium from Spain were completed in 
1983 and preliminary findings were publish- 
ed. As a result of an administrative review, 
the International Trade Administration 
(ITA), U.S. Department of Commerce, found 
the grant to high-carbon ferrochromium 
from the Republic of South Africa between 
April 11, 1981, and December 31, 1981, to be 
less than one-half of 1% of the f.o.b. value. 
Consequently, Commerce ordered the US 
Customs Service to refund countervailing 
duties collected for material imported dur- 
ing the subject period, with 16% interest, 
and to cease duty collection on this materi- 
al. 

With regard to ferroalloys from Spain, 
ITA determined the amount of net subsidy 
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to be 2.14% of the f.o.b. invoice price for 
calendar year 1980, 2.61% for 1981, and 
2.15% for 1982. As a result of this finding, in 
1983, Commerce directed the Customs Serv- 
ice to collect deposits of 1.53% in counter- 
vailing duties on shipments of ferrochro- 
mium from Spain. 

As a result of the President’s endorse- 
ment of upgrading of stockpile chromium 
ore to ferrochromium, an interagency com- 
mittee including Commerce, the General 
Services Administration (GSA), and the 
Federal Emergency Management Agency, 
was formed. GSA announced a stockpiling 
plan in May, and a conversion contract for 
about 122,000 tons of chromium ore was 
awarded in December to Macalloy Inc. 

The Environmental Protection Agency 
(EPA) measures the extraction procedure 
toxicity for chromium as total chromium. In 
1980, EPA proposed to change the extrac- 
tion procedure toxicity for chromium to a 
measure of hexavalent chromium, and 
reopened that proposal for further com- 
ments in 1983. EPA announced availability 
of the “Health Assessment Document for 
Chromium (Review Draft)," in order to con- 
duct a comprehensive review of the scientif- 
ic aspects of this health assessment docu- 
ment, which summarized the current scien- 
tific information regarding the effects of 
chromium on humans and the environ- 
ment. 

The U.S. International Trade Commission 
(USITO) determined that there was a viola- 
tion of section 337 of the Tariff Act of 1930 
in the importation of certain silica-coated 
lead chromate pigments and ordered their 
exclusion from entry. USITC published a 
report on chromium ferroalloys providing 
information on product use, domestic indus- 
try, U.S. consumption, production, and 
trade.? 


Table 2.—U.S. Government stockpile goals and yearend inventories for chromium in 1983 


(Thousand short tons) 
Physical inventory 
Material Stockpile Stockpile- ^ Nonstock- Total 
g grade pile-grade 
Chromite, metallurgical - - - --------------------— 3,200 1,957 531 2,488 
Chromite, chemical o o oo 675 242 d 242 
Chromite, refractory ___________________________ 850 391 ek 391 
Low-carbon ferrochromium ________._____________.- 15 300 19 319 
High-carbon ferrochromium ______________________ 185 402 1 403 
Ferrochromium-silicon_ ooo ooo LLL 90 57 1 58 
Chromium metal _____________________________ 20 4 us 4 


CHROMIUM 


The Office of Strategic Resources, U.S. 
Department of Commerce, published two 
studies regarding the importance of chromi- 
um as used in the aerospace and steel 
industries.* | 

The Trade and Development Program 
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(TDP), U.S. Department of State, held a 
briefing on the potential for chromium ore 
mine development potential in the Philip- 
pines. The TDP is currently analyzing the 
chromium ore mine development potential 
in Turkey. 


DOMESTIC PRODUCTION 


The major marketplace products of chro- 
mium are chromium ore, alloys, chemicals, 
and metal. In 1983, the United States pro- 
duced chromium alloys, chemicals, and met- 
al from imported chromium ore. No chromi- 
um ore was mined domestically. 

A hearing was sponsored by the U.S. 
Forest Service and Del Norte County, CA, to 
gather comments on a draft Environmental 
Impact Statement on California Nickel 
Corp.’s Gasquet Mountain project in Cali- 
fornia. California Nickel purchased proper- 
ty near its deposit for the purpose of con- 
structing a pilot plant. 

Chromium alloy and metal production 
was 44,930 tons. The United Auto Workers 
struck the SKW Alloys Inc., Calvert City, 
KY, plant in September after agreement 


could not be reached on across-the-board 
concessions sought by the company. The 
United Steelworkers of America struck the 
Foote Mineral Co., Graham, WV, plant in 
October because of a disagreement over 
company-requested concessions. By year- 
end, the strike against Foote was settled; 
however, the strike against SKW continued. 
Macalloy Inc., Charleston, SC, was awarded 
a contract to convert chromium ore in the 
national stockpile to ferrochromium. The 
award was valued at $23 million. 

E. I. du Pont de Nemours & Co. Inc. 
completed its plant capacity increase for 
chromium dioxide production that was 
started in 1982 and has embarked on yet 
another plant expansion to double capacity 
by 1984. 


Table 3.— Principal producers of chromium products in 1983, by industry 


Industry and company 
Metallurgical 


Elkem AS, Elkem Metals Co__________________ 


Interlake Inc., Globe Metallurgical Div ----------—- 
Macalloy Inc ---—---—------------------—- 
Metallurg Inc., Shieldalloy Corp --------------- 
SKW Alloys Inc ` 22-2 c22c 22 c2 lc 2-2 


Satralloy Corp -- ------------------------ 


KETATON 
Basic Inc 


Kaiser Aluminum & Chemical Corp... 
North American Refractories Co. Ltd |... 


Chemical: 


Allied Chemical Corp... - - -- - ---- ----—----—— 
American Chrome E cee Ine uan Se 


Diamond Shamroc 


Plant 


Marietta, OH, and Alloy, 
WV. 

Beverly, OH. 

Charleston, SC. 

Newfield, NJ. 

Calvert City, KY, and 


Niagara Falls, NY. 
Steubenville, OH. 


PPS RT 
ascagoula, MS. 
Jackson, OH. 

Pa more; MD, and Lehi, 


Hammond, IN, and 
Baltimore, MD. 


Baltimore, MD. 
Corpus Christi, TX. 
Castle Haynes, NC. 
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Table 4.—Production, shipments, and stocks of chromium ferroalloys and metal in the 


United States 
(Short tons) 
Net production Producer 
- Net tocks 
Gross Chromium shipments 8 , 
weight content Dec. 31 
1982: 
Low-carbon ferrochromium ____________________ _ 
91,905 55,900 82,353 W 
High-carbon ferrochromium _______________~____ _ 
Ferrochromium-silicon. _______________________ 
27,380 13,561 36,961 63,631 
Other" eebe a | 
LOLA eeu ture Le a i e E RE 119,285 69,461 119,314 63,631 
1983: 
Low-carbon ferrochromium_____________________ 
19,928 12,964 39,510 W 
High-carbon ferrochromium _______~_____________ 
Ferrochromium-silicon________________________ l 
16,471 6,368 13,696 50,104 
Other* c6 s A et EA | 
Total. nou nme Eun ws oia a 36,399 19,332 53,206 50,104 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
!Includes chromium metal, exothermic chromium additives, and other miscellaneous chromium alloys. 


CONSUMPTION AND USES 


Domestic consumption of chromite ores 
and concentrates was 325,000 tons in 1983. 
Of the total chromite consumed, the chemi- 
cal industry used 58%; the refractory indus- 
try, 22%; and the metallurgical industry, 
20%. The metallurgical industry consumed 
64,000 tons of chromite in the process of 
producing 45,000 tons of chromium ferroal- 
loys, metal, and other chromium-containing 
materials. 

Chromium has a wide range of uses in the 
three primary consumer groups. In the 
metallurgical industry, its principal use was 
in stainless steel. Of the 392,000 tons of 
chromium ferroalloys, metal, and other 
chromium-containing materials reported 
consumed, stainless steel accounted for 
81%; full-alloy steel, 9%; superalloys, 3%; 


and other end uses accounted for the re- 
mainder. Chromium ferroalloy, metal, and 
other chromium material consumption in- 
creased 36% compared with that of 1982. 

The primary use of chromium in the 
refractory industry was in the form of 
chromite to make refractory bricks to line 
metallurgical furnaces. Chromite consump- 
tion by the refractory industry decreased 
10% compared with that of 1982. 

The chemical industry consumed chro- 
mite for manufacturing chromates, chromic 
acid, and pigments. Sodium and potassium 
chromate and bichromate are base materi- 
als used to make a wide range of chromium 
chemicals. Chromite consumed by the 
chemical industry decreased by 3% com- 
pared with that of 1982. 


Table 5.—Consumption of chromite and tenor of ore used by primary consumer groups 


in the United States 
Metallurgical Refractory Chemical 
industry industry industry Total 
Y Gross Gross TOSS ross 

Sg weight E EOS weight poi weight p EOS. weight EE 
(tho d E nt) (thousand ( r nt) (thousand T2 at) (thousand , 2 e 

short tons) pereen short tons) percen short tons) percen short tons) pereen 
1979 __ 774 38.4 198 35.4 242 44.9 1,214 39.2 
1980 __ 577 35.9 160 35.8 240 45.8 977 38.4 
1981 __ 503 35.7 148 37.3 238 42.6 889 37.9 
1982 __ 270 35.1 80 36.4 195 44.9 545 -38.8 
1983 __ 64 39.3 72 36.9 189 44.7 325 41.9 
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Table 6.—U.S. consumption of chromium ferroalloys and metal in 1983, by end use 
(Short tons, gross weight, unless otherwise specified) 


Low-carbon 
End use ferrochromium 
Steel: 
E 2,935 
Stainles. and heat-resisting _ __ DEA 
kee E low-alloy and 
electric________-_---- 2,688 
q MAIS 217 
Cast irons ________________ 558 
Superalloys === anses 3,430 
Welding materials (structural and 
hard- acing) AR. E MS 361 
Other alloys? _________.___--_ 1,136 
Miscellancous and unspecified _ .. _ — 1,107 
Total cosas da 29,552 
Chromium content ____-_-_ 19,519 
Stocks, Dec. 31 . ~____ — 3,474 


High-carbon Ferrochromium 


ferrochromium silicon Other Total 

4,160 472 Se 7,567 
295,830 12,153 422 317,827 
: 1,759 70 34,351 
2,113 1,740 145 6,686 
3,508 W 1 3,786 
5,659 34 . 174 6,425 
3,857 W 2,537 9, 824 
839 W 143 1,343 
730 6 1,100 2,972 
82 262 117 1,568 
341,662 16,426 24 709 392,349 

199,620 6,149 4,045 à 
20,948 1,294 3954 26,670 


W Withheld to avoid disclosing company proprietary data; included with ‘‘Miscellaneous and unspecifi 


!Includes magnetic and nonferrous alloys. 
2Includes 3,572 short tons of chromium metal. 
SIncludes 740 short tons of chromium metal. 


STOCKS 


Reported consumer stocks of chromite 
declined from 545,000 tons in 1982 to 
450,000 tons in 1983. Metallurgical industry 
stocks increased, while refractory and 
chemical industry stocks declined. Producer 
stocks of chromium ferroalloys, metal, and 
other materials declined from 64,000 tons in 
1982 to 47,000 tons in 1983, while consumer 
stocks declined from 29,000 tons in 1982 to 


27,000 tons. At the 1983 annual rate of 
chromium ferroalloy and metal consump- 
tion, producer plus consumer stocks repre- 
sented a 2-month supply, while consumer 
stocks alone represented a 1-month supply. 
Stocks of chromium chemicals (sodium bi- 
chromate equivalent) at producer plants 
increased from 18,421 tons in 1982 to 24,277 
tons in 1983. 


Table 7.—U.S. consumer stocks of chromite, December 31, by industry 


(Thousand short tons) 

Industry 1979 1980 1981 1982 1983 

Metallurgical cunt eee eee es E E 416 219 230 120 140 
actor a a a lr eee ee a EE 161 134 128 112 16 
Chemical- saa a cs is a E 330 322 370 313 234 
kd EE 907 675 728 . 545 450 

Table 8.—U.S. consumer stocks of chromium ferroalloys and metal, December 31, 
by product 
(Short tons, gross weight) 
Product 1979 1980 1981 1982 1983 

Low-carbon ferrochromium ____________._- 6,683 5,432 5,198 3,459 3,474 
High-carbon ferrochromuum — —- - - ---- --—--— 45,465 50,258 46,601 21,793 20,948 
Ferrochromium i s EAN i ee 3,701 2,578 1,801 1,237 1,294 
Other ecc ee JI La C 2, 1,935 2,468 2,593 954 
Total- o os oh oe e I ete cs 58,314 60,203 56,068 29,082 26,670 


1Includes chromium briquets, chromium metal, exothermic chromium additives, and other miscellaneous chromium 


oys. 
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PRICES 


The price of South African and Turkish | 


chromite remained unchanged. The pub- 
lished price of South African Transvaal 
chromite, 44% Cr;O;, no specific chromium- 
to-iron ratio, was $48 to $52 per metric ton, 
f.o.b South African ports. The price of 
Turkish chromite, 48% Cr;O; 3:1 chro- 
mium-to-iron ratio, was $110 per metric ton, 
f.o.b. Turkish ports. 

The price of high-carbon ferrochromium 
varied, while the price of low-carbon ferro- 
chromium and ferrochromium-silicon re- 
mained unchanged. The price of imported 
50% to 55% high-carbon ferrochromium 
dropped from $0.36 to $0.37 per pound in 
January to a low of $0.355 to $0.365 in 


September, then rose to $0.39 to $0.40 per 
pound at yearend. The price of domestic 
50% to 55% high-carbon ferrochromium 
rose from $0.38 per pound to $0.40 to $0.43 
per pound at yearend. The price of imported 
60% to 65% high-carbon ferrochromium 
dropped from $0.41 to $0.42 per pound to 
$0.38 to $0.39 per pound in September, then 
rose to $0.41 to $0.42 per pound at yearend. 
The price of domestic 66% to 70% high- 
carbon ferrochromium rose from $0.43 per 
pound to $0.42 to $0.54 per pound in Febru- 
ary, where it remained until yearend. Chro- 
mium ferroalloy and metal prices are those 
published in Metals Week. 


Table 9.—Price quotations for chromium materials at beginning and end of 1983 


Material 


U.S. charge chromium (50%-55% chromium)... ~~ 
Imported charge chromium (50%-55% chromium)______-_ 
Impor tee charge chromium (60%-65% chromium).._ __-.- 


charge chromium (6695-7096 chro 


U.S. low-carbon ferrochromium (0.025% carbon)... 


U.S. low-carbon ferrochromium (0.0596 carbon) 


Electrolytic chromium metal ________________--_ 
VOOM ri AA 


Ferrochromium-eili 


Imported low-carbon ferrochromium (0.05% carbon) ~~ ~~ ~ 
Simplex (low-carbon ferrochromium)_ __________-____ 


January December 

Cents per pound of chromium 
Cac ee Beto Bn 38 40-43 
Min vtto NEUSS EM 36 39-40 
EE 41 41-42 
o m 43 42-54 
Da ECT PEN ET 100 100 
es e 95 95 
Scop UNIES 89-95 89-95 
ERO Se CONOCE 100 100 

Cents per pound of product 
Sa ee E E 375 375 
RE 34.5 34.5 


FOREIGN TRADE 


Exports of chromium materials from the 
United States included chromite ore, ferro- 
chromium, chromium metal, chromium 
chemicals, and chromium pigments. 

Exports of chromite ores and concen- 
trates totaled 11,032 tons, valued at $1.87 
million. Mexico (61%) and Canada (38%) 
were the major recipients of these exports. 

Exports of chromium ferroalloys and 


ferrochromium-silicon totaled 4,247 tons, . 


contained 2,589 tons of chromium, and were 
valued at $4,822,250. Canada (66%) and 
India (17%) were the major recipients of 
these exports. 


Exports of chromium metal, wrought and 


unwrought, waste and scrap, totaled 238 
tons, valued at $2,555,476. Canada (24%) 
and Japan (24%) were the major recipients 
of these exports. 

Exports of potassium chromate and di- 
chromate totaled 11 tons, valued at $38,031. 


The major recipient of these exports was 
Canada (45%). 

Exports of sodium chromate and di- 
chromate totaled 14,174 tons, valued at 
$8,401,423. The major recipients of these 
exports were the Republic of Korea (19%) 
and China (18%). | 

Exports of chromic acid totaled 3,927 
tons, valued at $5,932,392. The major recipi- 
ents of these exports were Canada (19%), 
Japan (16%), China (13%), the Republic of 
Korea (13%), and Taiwan (12%). | 

Exports of pigments containing chromi- 
um totaled 2,551 tons, valued at $8,832,162. 
The major recipients of these exports were 
Canada (17%) and Japan (17%). 

Imports of ferrochromium-silicon totaled 
1,438 tons, contained 579 tons of chromium, 
and were valued at $669,540. These imports 
came from Zimbabwe (99.6%) and Canada 
(0.4%). | 
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Imports of chromium metal, wrought and 
unwrought, waste and scrap, totaled 3,359 
tons, and were valued at $13,686,617. These 
imports came primarily from the United 
Kingdom (39%) and Japan (32%). 

Imports of potassium chromate and 
dichromate totaled 347 tons, valued at 
$329,921. These imports were supplied pri- 
marily by the U.S.S.R. (70%). 

Imports of sodium chromate and di- 
chromate totaled 8,933 tons, valued at 
$6,093,556. These imports were supplied 
primarily by Romania (24%), the U.S.S.R. 
(16%), and Belgium (15%). 

Imports of chromium carbide totaled 237 
tons, valued at $1,628,510. These imports 
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were supplied primarily by the Federal 
Republic of Germany (1092). 

Imports of ehromic acid totaled 3,267 
tons, valued at $4,826,756. These imports 
were supplied primarily by Italy (46%). 

Imports of pigments included 21 tons of 
chrome green, valued at $49,090; 1,933 tons 
of chrome yellow, valued at $3,274,467; 
1,997 tons of chromium oxide green, valued 
at $4,067,637; 2 tons of hydrated chromium 
oxide green, valued at $24,819; 738 tons of 
molybdenum orange, valued at $1,840,914; 
165 tons of strontium chromate, valued at 
$347,535; and 1,381 tons of zinc yellow, 
valued at $1,806,869. 


Table 10.—U.S. exports and reexports of chromite ores and concentrates 
(Thousand short tons and thousand dollars) 


Y Exports Reexports 
ear 
Quantity Value Quantity . Value 
|: cum hA LR AI dcn M ERE 27 2,514 28 2,860 
por MAI le eC Pm a QUE PN 1,447 44 8,544 
) 50:2 EES 71 5,893 67 9,575 
LEE 1,574 57 9,172 
1933 EE 11 1,874 1,350 
Table 11.—U.S. import duties for chromium-containing materials 
Ite TSUS Most favored nation (MFN) Non-MFN 
m 
No. Jan. 1, 1983 Jan. 1, 1987 Jan. 1, 1983 
Ore: 
Chrome ore and concentrate .. _ 601.15 Froe 2 nA No target duty _ — Free. 
Metal and alloys: 
Low-carbon ferrochromium . — 606.22 3.7% ad valorem .... 3.1% ad valorem _ 30% ad valorem. 
High-carbon ferrochromium .. - 606.24 1.9% ad valorem ... No target duty __ 7.5% ad valorem. 
Ferrosilicon chromium ____-_ 606.42 10% ad valorem - -_ 10% ad valorem .. 25% ad valorem. 
Chrome metal (wrought, 
. unwrought, waste and scrap) 632.18 4.4% ad valorem ... 3.7% ad valorem _ 30% ad valorem. 
Chemicals: 
Potassium chromate and di- 
chromate ____________ 420.08 1.6% ad valorem ` — 1.5% ad valorem _ 3.5% ad valorem. 
Sodium chromate and dichro- 
fate. A a 420.98 2.7% ad valorem _ _ 2.4% ad valorem _ 8.5% ad valorem. 
Chromium carbide _ ______-_ 422.92 5.1% ad valorem _ _ 4.2% ad valorem _ 25% ad valorem. 
Chromic acid __________~— 423.0092 4.4% ad valorem ... 3.7% ad valorem . Do. 
Pigments: 
Chrome green. 473.10 E | AAA No Si duty  — Do. 
Chrome yellow . 473.12 enu EE DEE, EE Do. 
Chromium oxide green  — — — — 473.14 MA. usus cu 3.7% ad valorem - Do. 
Hydrated chromium oxide 
a 473.16 D, ect rc nier etc Do. 
Molybdenum orange. . _ _ - — 473.18 E eee neers No target duty _ — Do. 
Strontium chromate______-_ 473.19 MERE. ade doo ck 3.7% ad valorem _ Do. 
Zinc yellow ------------ 473.20 Satan BOO es No target duty . _ Do. 
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Table 13.—U.S. imports for consumption of ferrochromium, by country 


Low-carbon ferrochromium 


(less than 3% carbon) (8% or more carbon) 
Country Gross Chromium Gross Chromium 
weight content Value weight content Value 
(short (short (thousands) (short (short (thousands) 
tons) tons) tons) tons) 
1982: 

Brag) ees ee A cut gege — 17,196 9,219 $6,932 
Canada________________ 451 311 $240 ee ES " 
Lë ft an ncs 18 11 13 5,489 3,602 2,659 
Germany, Federal Republic of _ _ 3,532 2,473 3,694 218 149 232 

NEP CEDERE A Te 465 346 607 — AT um 
SE AN AA 148 101 266 97 64 81 
Norway- —-------------- 84 55 110 en Sie XM 
Philippines _____________ e E EXE 19 12 11 
South Africa, Republic of |... 8,316 5,205 6,987 47,004 24,628 19,343 
Sweden________________ 4,210 3,045 4,954 a E 
Turky s LS see ia: Bes Ba 5,934 3,809 2,910 
United Kingdom __________ 20 15 22 ee ae Sa 
Yugoslavia —------------- Sieg See eee 15,583 10,153 8,144 
Zimbabwe _____________~— 5,576 3,855 4,806 26,951 17,721 15,484 

Total EE 22,819 15,417 21,699 118,491 69,357 55,796 

1983: 

Albanis. ae ere ss "RS E Kéi 3,881 2,445 1,424 
Belgium ` _ E met e 1 1 (2) 
Brazil_______________-_ Me ER NA 7,606 4,147 2,329 
Cañada. EL ës "e GE? 153 91 63 
France 2 6 a 19 14 25 E ME SEN 
Germany, Federal Republic of _ _ 827 585 744 827 546 468 

AN eee ne LOE ee ER 135 104 164 m EN -— 
ed EE 1,565 1,044 1,687 Eis De E 
Korea, Republic of _________ EN s T 1,047 553 332 
Norway- --------------- 701 446 647 Sen MN MA 
South Africa, Republic of _ — — _ — 992 602 746 151,085 79,358 48,074 
SPAIN = cima eee eae SÉ em m 168 113 78 
Sweden .. 222222 1,598 5,534 1,186 3,307 2,135 1,358 
Turkey ________________ 772 525 588 14,165 9,062 5, "809 
United Kingdom `... 36 25 40 Së EN 
Yugoslavia_ ------------- m att "UN 32,562 21,046 13,038 
Zimbabwe `. 4,113 2,833 3,448 48,744 31,788 20,766 

Tote sad a ds 16,757 11,713 15,274 263,546 151,285 93,738 


High-carbon ferrochromium 


1Data may not add to totals shown because of independent rounding. 


2Less than 1/2 unit. 


WORLD REVIEW 


World chromite production increased to 
8.9 from 8.8 million tons in 1982. Ferrochro- 
mium production decreased to 2,841 tons 
from 3,030 tons in 1982. Predictions of 
increased steel production, particularly 
stainless steel production, in 1983 resulted 
in increased chromite and ferrochromium 
production at yearend. 

A chromium chemical plant was complet- 
ed in Argentina. New ferrochromium plant 
production was reported in Greece, India 
(two plants), and the Philippines. Construc- 
tion of a ferrochromium plant in Turkey 
continued. Finland announced plans to in- 
crease its chromite and ferrochromium pro- 
duction capacity. 

In April, the European Commission 
announced its duty-free import quotas for 
material classified as not less than 6% and 
not less than 4% carbon-ferrochromium to 
be 66,400 tons of the 6% material and 3,310 


tons of the 4% material, with 62,000 tons of 
the 6% material allocated and 4,400 tons 
held in reserve; and 3,200 tons of the 4% 
material allocated and 110 tons held in 
reserve. Ferrochromium entering the Euro- 
pean Economic Community (EEC) countries 
in excess of their allocated quota is subject 
to a tariff of about 8%, except for Greece, 
which sets its own tariff. Sweden, Turkey, 
Yugoslavia, and Zimbabwe export to EEC 
countries duty free. The duty-free quotas 
were increased in July to 153,000 tons of the 
6% material and 3,700 tons of the 4% 
material, and further increased in Novem- 
ber to 252,000 tons of the 6% material and 
7,300 tons of the 4% material. 

The European Commission set 1984 duty- 
free ferrochromium quotas in November at 
127,000 tons, with 118,000 tons of 6% mate- 
rial allocated and 6,000 tons in reserve; and 
3,200 tons of 4% material allocated and 100 
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tons in reserve. i 

The antidumping suit initiated by Elec- 
trowerke Weisweiler GmbH against ferro- 
chromium producers from the Republic of 
South Africa, Sweden, Turkey, and Zim- 
babwe was terminated subject to minimum 
pricing agreements. The European Commis- 
sion found that: The aforementioned pro- 
ducers had increased their EEC market 
share from 21% in 1979 to 39% in 1982; 
from 1979 to 1982, low-carbon ferrochro- 
mium consumption dropped 27% world- 
wide; EEC producers had been hit harder 
than EEC import sources; and the prices at 
which imported ferrochromium was sold 
caused material injury to community pro- 
ducers. The companies agreeing to confiden- 
tial minimum prices were Middelburg Steel 
& Alloys Holdings (Pty.) Ltd. (MSA), Fer- 
rolegeringar Trollhalterverken, Etibank, 
and Zimbabwe Alloys Ltd. 

Afghanistan.—Soviet technicians evalu- 
ated substantial deposits of chromite in the 
south of Afghanistan near Pakistan at 
Herserak and Muhammed Agha Kulangar. 

Albania.—Albania reported that the Todo 
Manco and Kalimash chromite mines pro- 
duced during the year. Total chromite pro- 
duction reached a rate of 1 million tons per 
year for an unspecified time period: 830,000 
tons of lump ore, 200,000 tons of concen- 
trate, and 60,000 tons of natural fines. 
About 70,000 tons was consumed domesti- 
cally; the remainder was exported, one-half 
to the centrally planned economy countries 
and the remainder to the market economy 
countries. The lump ore averages 42% 
Cr.0;; the concentrate averages 49% Cr;O;. 

Albania reported increased production at 
the Burrel ferrochromium plant, estimated 
to have a capacity of about 25,000 tons per 
year. Albania’s ferrochromium production 
target for the year was reported to be 20,000 
to 28,000 tons and its export target to be 
60,000 to 70,000 tons. Albanian ferrochro- 
mium is a charge chrome of about 65% Cr 
and 3% Si. 

Albania’s export organization, Mineral- 
impeke, pursued a chromium trade strategy 
of undercutting world prices and engaging 
in high-volume barter deals. Albania was 
accused of forcing both chrome ore and 
ferrochromium prices down. The sales strat- 
egy was effective in Japan where chrome 
ore imports from Albania were over 100,000 
tons, exceeding the previous high of about 
64,000 tons in 1975. In exchange for the 
chrome ore, Japan supplied steel pipe. 

Albania signed a bilateral trade pact with 
China, the first such pact since 1978. Under 
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the agreement, Albania was to supply 
90,000 tons per year of chrome ore, which 


‘could increase in subsequent years, and an 


unspecified amount of ferrochromium in 
exchange for Chinese products. 

Albania’s trading position is shifting in 
the Japanese market to greater than world 
price for its chrome ore and a reluctance to 
barter in favor of currency exchange. In 
addition, Albania has reduced the chrome 
ore concentrates offered to Japanese buyers 
and is trying to increase lump sales. 

Argentina.—Bayer Argentina S.A., a sub- 
sidiary of Bayer AG, announced completion 
of its new chrome tanning agent manu- 
facturing plant located at Bayer’s Zarate 
Complex near Buenos Aires. The plant has 
a capacity of 20,000 tons of tanning chemi- 
cals per year. 

Brazil.—Cia. de Ferro-Ligas da Bahia 
S.A. converted two of its ferrochromium 
furnaces, one a 16 megavolt ampere (MVA) 
and the other a 7.5 MVA, to the production 
of ferrosilicon in the early part of the year. 

Canada.—The Manitoba Department of 
Energy and. Mines, in cooperation with the 
Geological Survey of Canada, continued to 
evaluate the extent of the chromite deposits 
in the Bird River area. Dynamic Mining 
Exploration Co. and Combustion Engineer- 
ing Superheater Ltd. jointly evaluated the 
feasibility of creating an integrated stain- 
less steel manufacturing facility using Dy- 
namic’s chromium deposits in the Bird Riv- 
er and Euclid Lake areas of Manitoba. 

China.—The responsibility for exporting 
chromium ore, metal, and ferroalloy shifted 
from the China National Metals & Mineral 
Import € Export Corp. to the China Metal- 
lurgical Import and Export Corp., a trade 
unit of the Ministry of Metallurgical Indus- 
try. 

Cuba.—Chromite deposit discoveries 
made by geologists from the German Demo- 
cratic Republic, the U.S.S.R., and Czecho- 
slovakia were reported to the Council for 
Mutual Economic Assistance. 

Finland.—Outokumpu Oy and Etibank 
established a joint marketing company in 
Finland. This marketing cooperation follow- 
ed previous cooperative activities in Tur- 
key, including the construction of a high- 
carbon ferrochromium plant at Elazig and 
modernization and expansion of the chrome 
concentrator at Kefdag. 

Outokumpu announced plans to expand 
production capacity at the Kemi chromite 
mine by installation of concentrator equip- 
ment with increased capacity to handle 
lump concentrate, and at the Tornio ferro- 
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chromiúm smelter by the installation of a 
36-megawatt, 70,000-ton-per-year furnace. 
Completion of the concentrator is expected 
in 1984; the smelter, in 1986. 

France.—Société Francaise d’Electromet- 
allurgie (SOFREM) was considering plans 
for restructuring its operations. The re- 
structuring plan included Cie. Univer- 
selle. d'Acétylene et d'Electrométallurgie 
(CUAEM). Both SOFREM and CUAEM are 
under the joint management of Pechiney 
Ugine Kuhlmann (PUK). The reorganiza- 
tion called for the closing of one plant, the 
loss of 750 jobs, and the investment of $56 
million* by PUK. In addition, PUK was 
negotiating with Electricite de France to 
obtain lower electrical rates. 

Caisse Francaise des Matiéres Premiéres, 
the Government's stockpiling agency that 
purchases through Groupement des Impor- 
tatieurs de Metaux, stopped purchasing 
chromium-containing materials for its 
 Stockpile, leaving the stockpile level at 
3,000 tons of chromium and 10,000 to 17,000 
tons of ferrochromium. 

Greece.—Hellenic Ferroalloy SA. a sub- 
sidiary of the state-controlled Hellenic In- 
dustrial Mining & Investment Co. (HI- 
MIC), started ferrochromium production in 
February. The ferrochromium plant is lo- 
cated at Tsingeli near Volos. The plant 
capacity is 50,000 tons per year of high- 
carbon ferrochromium graded at 60% to 
63% Cr, 6% to 8% C, and 3% to 5% Si. The 
plant is supplied by ore from the Skoumtsa 
Mine, which provides ore with 3:1 chro- 
mium-to-iron ratio. The Skoumtsa Mine 
produced 700 tons per day and was targeted 
for 1,000 tons per day in 1985. At 1,000 tons 
per day, the Skoumtsa Mine will be produc- 
ing enough chromite to produce 40,000 to 
50,000 tons per year of ferrochromium. 
Skoumtsa reserves are 3 to 4 million tons. 
In 1983, HIMIC was exploring for chromite 
ore at two sites near Volos and at two sites 
near Macedonia. 

Development continued on a concentrator 
facility at Kozani. The dressing plant, when 
completed, was to produce 70,000 tons per 
year of concentrate for ferrochromium pro- 
duction from 280,000 tons per year of chro- 
mite ore. ` 

Greece's Institute of Geological and Min- 
ing Research proposed exploration for chro- 
mite as part of its next 5-year plan (1983-87). 
Tsvetmetproexport, U.S.S.R., and the Greek 
Bank for Industrial Development agreed to 
cooperate in the exploration for chromite i in 
Greece. 

India.—Two ferrochromium plants start- 
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ed production in India. Ferro Alloys Corp. 
Ltd. inaugurated its charge chrome plant in 
March. The plant, located at Randia in 
Balasore district, Orissa State, has a 45- 
MVA furnace, built by Tanabe Kokoki Co. 
Ltd. of Japan. The plant has a production 
capacity of 60,000 tons per year of 55% 
chromium content charge chrome, using 
Orissa State-supplied power and chrome ore 
from its captive mines at Kathpal and 
Boula. The charge chrome was to be export- 
ed through the Port of Paradip and mar- 
keted by Marc Rich and Co. for sale primar- 
ily in Japan and the United States. Produc- 
tion was initially limited, owing to a power 
Shortage. Indian Metals and Ferroalloys 
Ltd. (IMFA) inaugurated its charge chrome 
plant in February. The plant, located at 
Therubali in Koraput district, Orissa State, 
has a 39-MVA furnace. The plant has a 
production capacity of 60,000 tons per year 
of charge chrome, using Orissa State- 
supplied power and a blend of domestic and 
Albanian ore. The charge chrome was to be 
exported, possibly through the Port of 
Vishakhapatnam, and marketed by Elkem 
AS of Norway. 

In addition to the ferrochromium plants 
opened during the year, IMFA and the 
Orissa Mining Corp. (OMC) were in the 
process of constructing other ferrochro- 
mium plants. IMFA contracted with Elkem 
to construct a 60,000-ton-per-year ferrochro- 
mium plant at Chouduar, Cuttack district, 
Orissa State. This plant, scheduled to go 
into production in 1985, will probably ex- 
port through the Port of Paradip. OMC 
secured financing from the European Asian 
Bank to construct a 60,000-ton-per-year, 
55% to 58% chromium content charge 
chrome plant at Bamnipol, Keonjhar dis- 
trict, Orissa State. OMC was expected to 
start construction in 1984 and complete 
construction in 1985. This plant was to be 
constructed with technical assistance from 
Outokumpu of Finland and Voest-Alpine 
AG of Austria. The plant was to use chro- 
mite from its captive Sukrangi Mine. Ex- 
port would probably be through the Port of 
Paradip and marketing by Klóckner & Co. 
of the Federal Republic of Germany. 

In 1983, production capacity for steel ` 
produced by the argon oxygen decarburiza- 
tion process had yet to be installed in India 
owing to the low demand for stainless steel. 
As a result, virtually all charge chrome 
production in India was destined for export 
markets. 

. In February, the export duty on chromite 
was reduced from 10% to 5% ad valorem. In 
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addition, there were export ceilings for 
chromite. Lump ore graded at less than 
42% chromic oxide, and chromite fines and 
friable ore had ceilings that permitted ex- 
ports. 

Girnar Pratisthan Ltd. (GPL) finalized a 
technical agreement with Technimont of 
Italy. GPL was to receive production infor- 
mation on chrome salts for its Kalyani 
plant located near Calcutta. 

Italy.—Montedison S.p.A., an Italian fer- 
rochromium producer, reported record 
losses in 1982. Company restructuring and 
an increase in ferrochromium prices were 
expected to return the company to profit- 
ability in 1984. The company’s ferroalloy 
division reported near-capacity ferrochro- 
mium production of 40,000 tons in 1983. 

Japan.—The Ministry of International 
Trade and Industry (MITI) began a stock- 
piling program for chromium materials 
with the objective of developing a 60-day 
consumption volume over a 5-year period. 
MITI’s stockpile system actually consisted 
of three separate stockpiles: (1) the national 
stockpile (Government financed, 25-day. sup- 
ply), (2) the joint stockpile (Government and 
private financed, 25-day supply), and (3) the 
private stockpile (privately financed, 10-day 
supply). MITI achieved a 5-day supply in the 
national and joint stockpiles in 1983 and 
was expected to add a 2-day supply to the 
national stockpile in 1984. MITI anticipated 
warehouse construction in 1984 for national 
stockpile storage. Finding that interest pay- 
ments in 1983 on chromium materials in 
the private stockpile were increasing the 
value of the stockpiled material over the 
value of commercial material, the private 
stockpile holders requested that MITI inter- 
cede on industry’s behalf with the Ministry 
of Finance to make the private stockpile 
interest payments tax deductible. 

MITI set duty-free import quotas for fer- 
rochromium and ferrochromium-silicon im- 
ported from developing countries. The duty- 
free quota for ferrochromium was 24,853 
tons. This quota applied from April 1983 to 
March 1984. Ferrochromium imported 
above the duty-free quota was subject to 8% 
duty. 

Despite increasing domestic ferrochro- 
mium consumption, ferrochromium produc- 
tion continued to decline. Showa Denko 
K.K. was to close its Toyama plant that had 
been idle since August. Awamura Metal 
Industry Co. Ltd. was planning to shut 
down one of two furnaces at its Uji plant. 
Japan Metals and Chemicals Co. announced 
plans to stop ferrochromium production at 
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its Sakata plant in December, and Kobe 
Steel Ltd. planned to close its ferrochro- 
mium plant at Kochi in March 1984. 

The Specific Industries Restructure Law, 
effective in June 1983 and replacing the 
Depressed Industries Law, covered ferro- 
chromium producers. The law facilitated 
production capacity reduction in structural- 
ly depressed, material-producing industries. 
Ferrochromium producers had been unable 
to compete with imported materials. Elec- 
trical power cost represented a large frac- 
tion of ferrochromium production cost, re- 
quiring about 3,400 kilowatt hours per ton. 
Japan Ferroalloy Association had discussed 
reduced electric power rates with MITI for 
using off-peak power to produce ferrochro- 
mium. | 

Kawasaki Steel Corp.’s Chiba Works 
brought on-stream a 13,000-ton-per-month 
tin-free steel line. The chromium-coated 
steel produced is used in bicycles, office 
equipment, electric appliances, and build- 
ing materials. Kawasaki Steel also an- 
nounced its intention to build a demonstra- 
tion plant for iron and ferrochromium pro- 
duction. The blast furnace operation was 
composed of two parts: a prereduction fur- 
nace and a smelting-reduction furnace. 

According to MITI statistical data in 
1983, Japan imported 710,874 tons of 
chrome ore and 269,918 tons of ferrochro- 
mium, produced 362,875 tons of ferrochro- 
mium and 11,978 tons of ferrochromium 
silicon, and exported 5,984 tons of ferrochro- 
mium. 

New Caledonia.—Inco Metals Co. report- 
ed improving its spiral separation plant and 
reported reserves of 600,000 tons. Inco chro- 
mite concentrate graded at 51% to 54% 
Cr.0;, with 4% or less silica, was to be 
upgraded as a result of separation plant 
changes. | | 

Norway.—Bjólvefossen AS, a ferrochro- 
mium producer, participated in merger 
talks with four other ferroalloy producers. 
Tinfos Jernverk AS, a high-carbon ferro- 
chromium producer, did not participate. 
After several months, the merger talks 
were abandoned without resolution. 

New pollution laws were causing Bjélve- 
fossen to abandon ferrochromium produc- 
tion, owing to the high cost of compliance. 
Bjólvefossen was to have converted its ferro- 
chromium furnaces to ferrosilicon furnaces. 

Oman.—Oman made its first shipment of 
chrome ore during the year. The material 
was mined by the Oman Mining Co. in the 
Nakhl area north of the city of Sohar. 
Oman Mining had a capacity of about 
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20,000 tons per year of run-of-mine chro- 
mite. Oman had no beneficiation or smelt- 
ing facilities and was seeking markets for 
its material. 

Pakistan.—A mineral development pro- 
gram was established by the Baluchistan 
Development Authority (BDA). The pro- 
gram was to evaluate the potential for 
chromite and ferrochromium production. In 
1983, BDA mined chromite in the Las Bela 
and Zhob districts and was encouraging 
additional exploration for chromite in the 
Las Bela district. 

Papua New Guinea.—Development of the 
Ramu River chromite-nickel-cobalt deposit 
was pursued by Nord Resources Corp. The 
property was 69.5% owned by Nord Re- 
sources plus other U.S. companies. MIM 
Holdings Ltd. an Australian company, 
owned the balance. The deposit, located at 
Marum, has ore reserves of 248 million tons 
contained in three tiers. The top tier con- 
tains 81.5 million tons grading 8% to 9% 
chromite. A feasibility study found develop- 
ment to be uneconomic at the current price 
of chromite. 

Philippines.—Acoje Mining Co. Inc., a 
metallurgical chromite producer, requested 
the Philippine Securities and Exchange 
Commission to place the company in receiv- 
ership as protection against debt collection 
. Suits. Acoje was restructuring its debt. Ben- 
guet Corp., the leading refractory chromite 
producer, reported that it was taking ad- 
vantage of the reduced demand by allocat- 
ing resources to exploration and plant mod- 
. ernization. The silica content of ore pro- 
duced at Benguet's Masinloc operation had 
been increasing to the dissatisfaction of its 
refractory customers. Benguet had improv- 
ed its beneficiation and expected to bring 
new low-silica reserves into production in 
1985. Benguet reduced the silica content of 
minus 10-mesh, grade A chromite from 
4.5% to 3.95%. The Trade and Development 
Program, U.S. Department of State, as a 
result of studying chromite in the Philip- 
pines, found that a choice of joint-venture 
opportunities was available to U.S. compa- 
nies desiring to enter or broaden the US 
chromium production base in the Philip- 
pines. 

Ferrochrome Philippines Inc. (FPI) start- 
ed commercial production with a capacity of 
61,000 tons per year. FPI produced a 61.5% 
chromium, 8% carbon, 2.9% silicon, 0.02% 
phosphorus, and sulfur high-carbon ferro- 
chromium using ore from Acoje’s chromite 
operation at Pangasinan. The FPI plant, 
located at Tagoloan, Misamis Oriental Prov- 


215 


ince, Mindanao Island, used sintered pre- 
heated pellets as feed into a closed station- 
ary submerged arc furnace. The ferrochro- 
mium is marketed by Voest-Alpine Inter- 
trading. Difficulties were experienced with 
crushing and screening equipment late in 
the year. 

Early in the year, both FPI and Ferro- 
Chemicals Inc. suffered power cutbacks of 
near 50% owing to low water levels at the 
Lake Lanao power station of the National 
Power Corp. By yearend, production was 
back up to 80%. A unification of power 
rates in the Philippines was being debated. 
Mindanao with its hydroelectric power had 
the lowest cost electricity. 

Efforts by the Philippine Government to 
limit imports resulted in some difficulties 
for FPI, a ferrochromium producer. FPI 
could not get a permit to import foreign 
chromite for blending. The Government had 
also limited the amount of money foreign 
exchange banks can extend in letters of 
credit per day. The ferrochromium indus- 
try, as an export industry, was given special 
treatment. | 

Romania.—The Tulcea ferroalloy com- 
plex reportedly has a ferrochromium pro- 
duction capacity of 115,000 tons per year. 

South Africa, Republic of.—Transvaal 
Consolidated Land and Exploration Co. 
Ltd., 59% owned by the Barlow Rand Group 
in 1983, closed its Milsell Mine while contin- 
uing to produce near capacity at Henry 
Gould Mine and near 5096 of capacity at 
Winterveld. Mining Corp. Ltd. continued 
long-term development at Dilokong Mine in 
Lebowa, increasing capacity from 90,000 to 
100,000 tons per year to 170,000 tons per 
year while filling orders from stocks. 

South African Manganese Amcor Ltd. 
(Samancor) reopened its Bathlako Mine in 
Bophuthatswana at 50% of capacity. The 
mine, closed since 1982, produced low-silica 
ore for chemical and refractory use. Wa- 
terkloof Mine resumed operation in all of its | 
mines. Lavino Mine moved to near-full- 
capacity operation. Mining Corp. Ltd. ran 
its washing plant briefly but continued to 
sell from stocks. Ucar Chrome's Jaglust 
Mine continued to sell from stock. 

Western Platinum Ltd. continued devel- 
opment of the UG2 reef. A new concentra- 
tor, which started processing Merensky 
Reef ore in 1982, shifted to UG2 ore in 1983. 
Using a process developed by the South 
African Council for Mineral Technology 
(Mintek), the mine was to produce a chro- 
mite concentrate for smelting. 

Based on low stainless steel stocks world- 
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wide and the projection of increased stain- 
less steel production, ferrochromium pro- 
ducers started increasing ferrochromium 
production in midyear and continued 


through yearend to meet steel industry | 


demand. | 

MSA, a subsidiary of Barlow Rand Ltd., 
reopened one of two low-carbon ferrochro- 
mium furnaces at the Middelburg plant in 
July. Feralloys Ltd. moved the planned 
reopening date for the high-carbon ferro- 
chromium furnace at Witbank (48 MVA, 
30,000 tons per year) from April 1984 to 
January 1984 in response to increasing 
orders. Tubatse Ferrochrome (Pty.) Ltd., a 
subsidiary of General Mining Union Corp. 
Ltd. (Gencor) and Union Carbide Corp., 
reopened a charge chrome furnace in July 
and another in September 1983, bringing all 
three furnaces at its Steelport plant into 
production. Consolidated Metallurgical In- 
dustry Ltd. reopened its idle furnace in 
April, bringing both of its furnaces into 
production. 

Gencor acquired controlling interest in 
Samancor. Gencor held a 7% share of Sa- 
mancor directly and a 1.4% share through 
its affiliate, UC Investment Ltd. (now Gen- 
cor Investment Corp. Ltd.). Gencor obtained 
50.25% of African Metals Ltd., which owned 
a 44% share of Samancor, from Iron Steel 
Industrial Corp. Ltd. The other major share- 
holder in Samancor was Anglo American 
Corp. of South Africa Ltd., holding between 
30% and 32%. Gencor was the largest 
chrome ore producer, with a 1.7-million-ton 
capacity, and a large ferrochromium pro- 
ducer of 150,000-ton capacity. 

Samancor was the largest ferrochromium 
producer, 200,000-ton capacity, and a large 
chrome ore producer, 390,000- to 400,000-ton 
capacity. Gencor's ferrochromium  oper- 
ation, Tubatse Ferrochrome was coowned 
on a 50% basis with Union Carbide. Saman- 
cor's ferrochromium operation, Ferrometals 
(Pty.) Ltd., was a wholly owned subsidiary. 
Gencor chromite mines, Tweenfontein, 
Groothoek, and Montrose, were owned 
through its subsidiary, Transvaal Mining 
and Finance Co. Ltd. Samancor owned the 
Ruighoek, Gasvally, and Mooinooi chromite 
mines. A new company, Chromore (Pty.) 
Ltd., was to unify the management of all six 
mine properties. 

The worst drought in 30 years forced the 
Electricity Supply Commission (Escom), the 
state-owned electric utility, to consider ra- 
tioning power. Escom requested the mining 
industry to evaluate the impact of various 
levels of power cuts. 
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Plasma ferrochromium production tech- 
nology was being developed by Mintek, 
MSA, and Ferrometals (Pty.) Ltd. Samancor 
started operation of an 8-MVA transferred, 
arc-type plasma furnace at its Metalloys 
plant at Meyerton. It was to be used as a 
test furnace for ferrochromium production. 
MSA continued development of a plasma 
process for ferrochromium production. A 
20-MVA furnace built by ASEA AB, Swe- 
den, with a production capacity of 20,000 
tons per year was being installed at its 
Palmiet plant in Krugersdorp. Converting 
traditional electric arc furnaces to this 
plasma arc process would double furnace 
capacity. This dc plasma arc process was 


being tested for its production efficiency 


and expansion potential. 

Spain.—Ferroaleaciones Espanolas S.A. 
brought its second ferrochromium furnace 
into production in May. 

Ferrochromium from Spanish producers 
imported into the United States was assess- 
ed at 1.53 cents duty by the U.S. Depart- 
ment of Commerce. 

Sweden.—Vargon Alloys AB reported 
producing charge chrome and other high- 
carbon ferrochromium at near capacity: 
100,000 to 130,000 tons per year of charge 
chrome and 30,000 tons per year of other 
high-carbon ferrochromium. Vargon pro- 
duced charge chrome with a 105-MVA fur- 
nace fitted with heat recovery systems, 
Finnish chromite, and inexpensive Swedish 
electricity. Other high-carbon ferrochro- 
mium was produced in a 24-MVA furnace. 

ASEA Industrial Systems received a con- . 
tract for one of its single-electrode dc arc 
furnaces for ferrochromium production. 
This ferrochromium furnace was built for a 
power input of 20 MVA and was to be 
charged with chromite ore fines fed directly 
into a dc arc plasma. The single-electrode 
design reduced electrode consumption, the 
second highest cost next to energy cost in 
ferrochromium production. 

SKF Steel Engineering AB marketed its 
Plasmared direct-reduction process for ap- 
plication to ferrochromium production. 
SKF suggested Zimbabwe and Sweden as 
potential plant locations. SKF was studying 
the possibility of constructing an 86,000-ton- 
per-year plant near Malmö, Sweden. SKF 
was negotiating an arrangement with the 
Swedish energy ministry wherein plant 
waste heat was returned to the district 


heating system, thereby conserving energy. 


SKF started construction of an 80,000- 
ton-per-year plant, using its proprietary 
Plasma Dust process, to recover chromium 


CHROMIUM 


from steel melt shop dust. The plant, locat- 
ed at Landskrona, was expected to start 
commercial operation in 1985 under the 
company name of ScanDust AB. 

Taiwan.—A new stainless steel plant was 
scheduled to start operation in 1983. As a 
result, Taiwan's consumption of ferrochro- 
mium was expected to rise by about 7,000 
tons per year. No ferrochromium was pro- 
duced domestically. 

Turkey.—Outokumpu of Finland and Eti- 
bank were expanding and modernizing the 
chrome ore concentration facility at Kef- 
dag. The Kefdag concentrator supplied 
chrome concentrates to the Elazig Ferro- 
chrome Works, which had a 60,000-ton ca- 
pacity. The concentrator expansion and 
modernization was expected to be complet- 
ed in 1986. The Elazig Ferrochrome Works, 
being modernized by Outokumpu, was to 
have a capacity of 170,000 tons per year of 
high-carbon ferrochromium. 

U.S.S.R.—The first output of ferrochro- 
mium-silicon was reported from the Chely- 
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abinsk electrometallurgical plant. 

United Kingdom.—The creation of a stra- 
tegic materials stockpile was revealed in 
Parliament in February 1983. The Depart- 
ment of Trade and Industry, the national 
Government agency responsible for stock- 
piling, purchased chrome ore and chromi- 
um ferroalloys through a private trader, 
Brandeis-Intsel Ltd. of London. These stock- 
pile purchases were the result of studies 
started in 1980 by the Institute of Geologi- 
cal Sciences, on the vulnerability of United 
Kingdom industry to material supply inter- 
ruption, with a subsequent report by the 
House of Lords in October 1982, when 
chromium was identified as a strategic and 
critical material. The Department of Trade 
and Industry had been considering stock- 
piling at least since 1981 when Brandeis- 
Intsel reported to it on the mechanics of 
stockpiling. The major potential recipients 
of stockpiled chromium materials were 
British Chrome and Chemicals Ltd. and 
British Steel Corp. 


Table 14.—Chromite: World production, by country! 


(Thousand short tons) 
Country? 1979 1980 1981 1982” 1983* 

Albaniat? |... 2 LLL LLL LLL 1827 1838 r937 r965 990 
A -L r375 r345 260 304 310 
QubB eebe E 31 32 23 30 35 
Cyprus___________________________ 17 18 11 e11 11 
Egypt os ani (8) E oe Sek oes 
Finland. . oo 480 1399 454 380 375 
Greece? 7 _________________ L sls Lec 850 47 47 46 45 
e o2 LEUR tr E ect o a A 342 T353 369 374 400 
Dea cee yd cone ok we EE 150 90 35 45 55 
Japan EE 13 15 12 12 89 
Madagascar... LL LLL LLL LLL LL LLL 141 198 110 *100 100 
New Caledonia______________________ 13 2 4 55 100 
Pakistan- ——---------------—----—— 3 3 1 1 1 
Philippines AAA 613 547 484 391 365 
South Africa, Republic off _______________ 3,634 3,763 3,164 2,385 82 460 
Südan sa eos o a EE 31 29 2 30 
Thailand _________________________ (8) SES S SES Se 
KO EE 410 431 466 448 440 
U.S.S.R? 22- 12,535 *2 701 2,646 2,701 2,700 
Vietnamf _________________________ 15 17 17 T18 20 
Yugoslavia `... (8) (8) (6) Be 
Zimbabwe. _—_—-—-----------------—— 597 r611 591 476 475 

d Ko us ee ck a a 710,271 710,438 9,660 8,770 8,921 

“Estimated. Preliminary. "Revised. 


1Table includes data available through June 6, 1984. 


2In addition to the countries listed, Bulgaria, China, and North Korea maj also produce chromite, but output is not 
o 


reported quantitatively and available general information is inadequate for 


rmulation of reliable estimates of output 


levels. Figures for all countries represent marketable output unless otherwise noted. 
SEstimated series revised to represent marketable ore rather than crude ore. 
*Figures are sum of (1) crude ore sold CRY for use and (2) concentrate output, both as reported in Brazilian sources. 


Data for 1979 and 1980 may include 45,000 to 
Total run-of-mine crude ore production (not com 


5,000 short tons annually of run-of-mine ore that 


required beneficiation. 


rable to data for other countries) was as follows, in thousand short 


tons: 1979— 983; 1980—919; 1981— 1,021; 1982— 736; and 1983—740 (estimated). 
"Production of marketable product (direct-shipping lump ore plus concentrates and foundry sand). 


SLess than 1/2 unit. 


"Exports of direct-shipping ore plus production of concentrates. 

5Reported figure. 

9Series revised to reflect estimated marketable production; estimates based in part on officially reported output as 
follows in thousand short tons: 1979—3,500; 1980—3,800; 1981—3,600; 1982—3,800 (estimated) and 1983—3,800 
(estimated). These figures, although regarded by the Soviets as “marketable,” are not believed to represent marketable 
production in the sense normally used in market economy nations. 
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The United Kingdom had purchased 
29,000 tons of high-carbon ferrochromium, 
4,000 tons of low-carbon ferrochromium, an 
unspecified quantity of ferrochromium- 
silicon, and 39,000 tons of chemical-grade 
chrome ore. These materials were stored in 
Sheffield. 

Zimbabwe.—Mineral Marketing Corp., 
the state-owned export marketing organiza- 
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tion, started operation in March. 

The Government loaned $5.7 million to 
Zimbabwe Alloys. The loan was for 5 years 
until January 1988, carried prime overdraft 
rate interest charges, carried the right of 
the Government to convert the debt into 
equity in the company up to 19.35%, and 
required repayment of the loan before pay- 
ment of dividends. 


. TECHNOLOGY 


As part of the Bureau of Mines program 
to assess domestic chromite deposits, the 
Bureau conducted a reconnaissance investi- 
gation into podiform chromite occurrences 
in the Caribou Mountain and Kanuti River 
areas of central Alaska* and studied the 
beneficiation of material from that deposit.* 
Alaskan surface samples confirmed the 
presence of chromite, and beneficiation 
tests produced high-chromium, high-iron, 
and high-aluminum chromite concentrates. 
The Bureau also studied the smelting of 
chromite concentrates from a Papua New 
Guinean laterite deposit to produce a high- 
carbon ferrochromium.’ Submerged arc op- 
erations provided the most efficient smelt- 
ing conditions, consuming quantities of en- 
ergy comparable to commercial operations, 
and yielding a product of high phosphorus 
content. 

As part of the Bureau's program to in- 
crease domestic chromium resource avail- 
ability through recycling, research was con- 
ducted in several areas. The Bureau demon- 
strated a hydrometallurgical method to sep- 
arate chromium from other metals by pre- 
cipitation with benzoate ion when the chro- 
mium is contained in one of a variety of 
surface-finishing wastes. The resulting 
chromium salt may then be converted to 
hydroxide and the benzoate may be recy- 
cled. Chromium recoveries of 92% to 100% 
were obtained.* The economic evaluation of 
a Bureau-developed technique to regenerate 
chromic acid-sulfuric acid etching solutions 
found that a 1,000-gallon capacity regener- 
ation cell could save $240 per day, resulting 
in a 10-month payback time.? The Bureau 
characterized the chromium content; the 
chemical, physical, and extraction proce- 
dure toxicity properties; and the chromium 
valence states of electric arc furnace steel- 
making dust.'^ The identification of these 
properties will provide a basis for resource 
recovery decisions. A patent was granted to 
the Bureau for a recovery process wherein a 
superalloy scrap is converted to the sulfide 
to form a matte, which is fragmented and 


leached with chlorine under controlled con- 
ditions to extract the alloying elements.” 

An investigation of 14 domestic dolomites 
was carried out by Bureau researchers to 
characterize these materials and their re- 
fractory properties as a substitute for chro- 
mite refractories.'? Two new steels, a man- 
ganese-nickel-molybdenum and a manga- 
nese-molybdenum steel, were developed?’ to 
substitute for 8600 and 4100 standard 
grades in a broad range of end uses as 
substitutes for alloy steels that contain 
chromium. 

The Bureau issued a report on raw mate- 
rial requirements for Japan’s specialty steel 
industry.'* Imports of chromium ore and 
ferroalloy from 1972 to 1981 were analyzed 
to determine supply trends and import de- 
pendence. Risk reduction measures were 
also described. 

The U.S. Geological Survey studied the 
mechanism giving rise to geophysical signa- 
tures of chromite mineral deposits as a 
complement to mining company explora- 
tion in order to increase the probability of 
discovery and thus production of domestic 
chromite.!' Laboratory petrophysical and 
petrographic studies of chromite occur- 
rences were used to build a generic chro- 
mite deposit model that was field tested 
against a known chromite deposit. These 
studies identified collections of weak anom- 
alies attributable to minerals associated 
with the chromite and thus served as a 
deposit indicator. Since no chromite-specific 
indicator was identified, the indicators 
found could be site specific. 

The recovery and processing of chromium 
ore to ferrochromium in the Republic of 
South Africa was studied.'* Beneficiation of 
MG-1 seam chromium ore from Marikana 
by tabling and spiral separation resulted in 
85% chromite recovery for 44% Cr;O;, and 
1% to 2% SiO; concentrate from natural 
fines. A grade containing 46% Cr,O, and 
less than 1% SiO; could also be produced, 
but at lower chromite recovery. The prere- 
duction and smelting characteristics of UG- 
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2 seam chromium ore were studied and 
compared with those of chromium ore from 
the Winterveld Mine. Mining of platinum- 
group metals from the UG-2 seam started in 
1982 and resulted in chromite tailings con- 
taining 42% Cr;O;, at a chromium-to-iron 
ratio of 1.35. High-carbon ferrochromium 
was produced from the UG-2 chromite con- 
centrate at 48% to 50% chromium content 
and with a lower total energy required than 
for other ores. High-carbon ferrochromium 
is therefore likely to become a byproduct of 
this platinum-group metals extraction proc- 
ess. The UG-2 seam contains about 20% of 
the Republic of South Africa's chromium 
resources, and conversion of this chromium 
byproduct to ferrochromium represents a 
potential for 120,000 tons of ferrochromium 
per year. To make the ferrochromium mar- 
ketable, blending or plasma production 
technology could be used to obtain a 50% to 
55% grade,!* or a new grade containing 45% 
to 50% chromium could be developed 2 

The profitable mining and smelting of 
chromium ore into ferrochromium depends 
on many factors such as ore grade and 
characteristics, beneficiating techniques, 
blending, and the smelting process used. An 
efficient process requires careful balancing 
of various process parameters to optimize 
recovery and yield at minimum cost. Verti- 
cal integration of the mine-concentrator- 
smelter complex facilitates the optimization 
process. Such an optimization study was 
carried out for chromium ore from the 
Xerolivado Mine in Greece in the southern 
Mount Vourinos complex and other lower 
grade ores from the northern Mount Vour- 
inos complex.?^ 

Research to improve the energy efficiency 
of ferrochromium production resulted in a 
computer program for process evaluation 
that can generate a complete flow sheet for 
ferrochromium production from raw mate- 
rial drying to smelting, including up to 10 
pretreatment and 2 smelting stages, and is 
based on equipment operational specifica- 
tions.? SKF reported marketing efforts to 
apply its plasma process to ferrochromium 
production in Zimbabwe.?? ASEA Industrial 
is applying its dc arc furnace to the produc- 
tion of ferrochromium through MSA. The 
dc arc furnace compared with the three- 
phase ac arc furnace offers reduced elec- 
trode consumption, less noise, better stir- 
ring and heat distribution, and comparable 
power consumption.? Used to produce fer- 
rochromium, this single electrode dc arc 
system permits ore fines to be charged 
through the central bore in the electrode 
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without prior agglomeration. Kawasaki 
Steel was planning a demonstration plant 
for its innovative iron-ferrochromium 
smelting process. Pilot tests since 1970 
showed the blast furnace application to 
ferrochromium production workable with 
controlled charge injection and hydrocar- 
bon energy sources added to the air-oxygen 
blast gas. Hot gases resulting from the blast 
furnace operation are used to prereduce the 
ore to be smelted. A 50% energy saving in 
the production of ferrochromium was re- 
ported. One-third to one-half chromium ore 
is reduced in: the prereduction state at 
about 1,000° C, and complete reduction is 
achieved in the smelting stage at about 
1,550° C to 1,650° C. The 100-metric-ton 
plant will take 3 to 5 years to build. 

Chromium as black chrome coating is a 
subject of research for solar collectors be- 
cause of its useful optical properties.?5 Black 
chrome is currently used as a solar collector 
coating material; however, when used in 
industrial solar collectors, the coating suf- 
fered from a 10% efficiency loss as it aged. 
The cause of that loss has been related to 
the coating process, and the process has 
been improved to eliminate the aging 
problem.” 

The U.S. Department of Energy has 
found chromium to be the most essential 
metal in energy systems.?” As a result, the 
Department sponsors research on chro- 
mium-containing alloys in the areas of 
electronic structure, material properties, 
electrochemistry, and the role of chromium 
in oxidation resistance. 

As a result of regulations by EPA on the 
chromium content of industrial waste wa- 
ter, much research and development has 
been carried out to remove chromium from 
waste water. Chromium removal achieve- 
ments have reduced the volume of waste 
water, but the problem (waste heavy met- 
als) is only "concentrated" and the waste is 
still dumped at high cost. Further process- 
ing by electrochemical, filtration, and bio- 
logical processes can result in the recovery 
of chromium materials. These and other 
processes are being used or developed to 
recover chromium materials 2 


1Physical scientist, Division of Ferrous Metals. 
.S. International Trade Commission. Ferroalloys. 

USITC Publ. 841, No. 6-2-45, Oct. 1983, 62 pp. 

3U.S. Department of Commerce. Critical Materials Re- 
quirements of the U.S. Aerospace Industry. U.S. GPO, 
Washington, DC, Stock No. 003-000-00578-0, Oct. 1981, 310 
pp. 

———. Critical Materials Requirements of the U.S. 
Steel Industry. NTIS PB 83-235580, Mar. 1983, 259 pp. 

‘French francs SH converted to U.S. dollars at the rate 
of F8.00 = US$1.00 
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Clays 


By Sarkis G. Ampian! 


Total quantity of clays sold or used by 
domestic producers increased 16% in ton- 
nage and 13% in value. Clays in one or 
more of six classification categories, ball 
clay, bentonite, common clay and shale, fire 
clay, or fuller’s earth, were produced in 44 
States and Puerto Rico during 1983. Clay 
production was not reported in Alaska, 
Delaware, the District of Columbia, Hawaii, 
Rhode Island, Vermont, or Wisconsin. Lead- 
ing States were Georgia, Texas, Wyoming, 
North Carolina, Alabama, South Carolina, 
and California. Unpredictable shortages of 
natural gas and costs of fuels continued to 
cause considerable concern among clay pro- 
ducers and clay products manufacturers. 
Industrywide, efforts were made both to 
economize and to obtain standby fuels. En- 
. vironmental restrictions and associated 


costs of installing environmental protection 


equipment, combined with rising capital 
costs, continued to adversely affect pro- 
duction. 


Production of common clay and shale 
increased because of an upturn in construc- 
tion that increased demand for clay build- 
ing materials including brick, lightweight 
aggregate, vitrified pipe, floor and wall tile, 
etc. Increases in production of ball clay, 
fuller's earth, and kaolin were caused large- 
ly by an improvement in the economy. 
Production of bentonite and fire clay 
decreased. 

Kaolin accounted for 18% of the clay 
production but 68% of clay value. 

Domestic Data Coverage.—Domestic pro- 
duction data for clays are developed by the 
Bureau of Mines from one voluntary survey 
of U.S. operations. Of the 1,874 operations 


covered by the survey, 1,161 responded, 


representing 84% of the total clay and shale 
production sold or used as shown in table 1. 
Production of the 228 nonrespondents was 
estimated using reported prior year produc- 
tion levels adjusted by trends in employ- 
ment and other guidelines. 


Table 1.—Salient U.S. clays and clay products statistics! 
| (Thousand short tons and thousand dollars) 


1979 1980 1981 1982 1983 
Domestic clays sold or used by producers: 
rd Ee 54,689 48,790 44,379 35,345 40,858 
alie s ne la aah eee $846,089 $898,947 ` $988,845 $825,064 $931,092 
Exports:? 
“Quantity unu ee ees ee 3,205 3,214 3,151 2,619 2,484 
A ae See erase ee es $243,722 $263,147 $292,914 $267,700 $254,237 
Imports for consumption:? 
Gantya or AN eim 51 34 33 24 21 
alte MM ME ee $3,972 $6,688 $7,895 $4,514 $3,488 
Clay refractories shipments:? Value... $580,257 $557,386 $609,949 $559,655 $595,299 
- Clay construction products shipments: Value... $1,179,058 $1,061,507 $971,824 $923,459 $1,160,543 


1Excludes Puerto Rico. 
?U.S. Department of Commerce. 
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Table 2.—Clays sold or used by producers in the United States in 1983, by State! 
(Short tons unless otherwise specified) 


Common 
Ball Ben- Fire Fuller’s . Total 
State clay tonite Be d clay earth Kaolin Total value 
Alabama _-____._-_ ze W 1,624,734 137,232 "T 101,269 21,863,235  2$20,757,585 
Arizona .- S 32,316 118,815 "en 2 1 151,134 1,424,645 
Arkansas _-_____-_ x E 769,217 =e T 109,476 878,693 9,955,645 
California `... — EEN 88,092 1,683,153 W > 44,367 31,815,612 318,255,415 
Colorado _______ a 4,300 442,807 12,110 Së EM 459,217 2,649,521 
Connecticut ____-_ T E 86,034 n M zu 86,034 514,910 
Florida |... x d 231,416 -— 423,986 28,943 684,345 31,566,251 
Georgia _______~_ Sa -— 1,280,809 -- 692,431 5,885,746 7,858,986 560,005,491 
Idaho ________-_ Sa W = W Se W 18 ,287 
Illinois ` ae — 116,580 ie. W -- -. £716,580 43,359,537 
Indiana _______-_ Së SE 557,698 W dëi WE 3557,698 31,421,142 
Iowa__________ MS = 576,251 ZS ES S 516,251 3,251,649 
Kansas |, uc 15,000 703,234 Gs Ge E 118,284 3,920,604 
Kentucky. .....— W BS 669,300 W SÉ EE, 2069, 300 3 59, 142,337 
ME TON EE W 505,054 "E P? M 2505,054 10,792,807 
Maine________ — E E 43,488 Se m ES 43,488 : 
Maryland MMC W = 483,741 m Se EN 5483,741 51,746,874 
Massachusetts |... Sien m 236,993 EN ics EN: 236,993 1,298, 295 
Michigan - ------ ve _. 1,198,900 n FIN -— ` 1,198,900 5 693, ae 
Minnesota |... aw m W Ex Ta W W 
Mississippi — - —--—- W 240,944 943,089 NT W Mes 1,445,939 23,846,189 
Missouri -____._-_ ae -- 1,008,755 310,675 W 103,118 ‘41,417,548 411,848,263 
Montana _______ e 179,068 15,226 188 oa es 194,482 6,205,294 
Nebraska _ _ _ _ _ __ EUN mee 163,651 Sot "S TE 163,651 500,951 
Nevada _______- E 20,151 A —- W W 57,768 2,347,523 
New Hampshire. _ - ae Am o W ae m = W W 
New Jersey_ ____- Es E 50,000 12,018 = Hes 62,018 596,000 
New Mexico _____ - mee 47,609 2,251 oe T 49,860 114,506 
New York ` ` W eS 371,060 ES des - 5371,060 5868,551 
North Carolina .. _ Béi _. 2,067,947 =e me W 2,067,947 $6,680,959 
North Dakota _ _ - ` ve SS W Gs Ke "T W W 
Ohio... GE _. 1,468,285 248,055 Ge tees 1,716,340 8,060,857 
Oklahoma .....- M m 861,531 NN T 2a ,531 2,287,746 
egon -----.--- "E PT 188,222 Po Et E 188,222 275,397 
Pennsylvania `... — as "n 854,687 61,537 im W 6916,224 64,310,929 
Puerto Rico _____ Sue -— 125,259 22 os da 125,259 251,204 
South Carolina .... Mm _. 1,052,666 18,302 W 742,178 41,813,146 434,830,474 
South Dakota |... M W 122,576 zm x uir 2122,576 2353,105 
Tennessee ______ 507,744 W 433,221 W W 1,066,060 26,515,819 
Texas _________ 15,600 74,756 3,714,421 43,508 W W 3,955,354 22,515,292 
tab- ooo cc SEN 6,230 220,222 622 W a 4227,074 11,568,645 
Virginia _______ m" e 744,291 EE 40,000 xm 184,291 5,466,950 
Washington -__-_- SE de 275,285 7,000 EUM P" 282,285 31,714,671 
West Virginia __ __ = J 248,571 W a" A 3248,571 3531,990 
Wyoming ------- __ 1,938,499 201,263 a ae M 2,139,762 49 058, 676 
Undistributed _ _ _ _ 223,467 287,514 90,934 189,576 755,215 187,606 71,196,838 741,584,074 
Total da 746,811 2,886,870 27,191,995 1,043,074 1,911,634 7,202,704 40,983,088 931,339,998 
W Withheld to avoid disclosing company proprietary data; included with “Undistributed.” 
1Includes Puerto Rico. 
2Excludes bentonite. 
3Excludes fire clay. 
*Excludes fuller's earth. 
SExcludes ball clay. 


SExcludes kaolin. 
"Incomplete total; difference included with individual State totals. 
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Table 3.—Number of mines from which producers sold or used clays in the United States 


in 1983, by State! 
Common 
State Ballclay Bentonite Gs? Fire clay pieni. Kaolin Total 
shale 
Alabama ________________ -—- 1 24 7 n 13 45 
Arizona 2 o ts a NN 5 5 zy "e RS 10 
Arkansas ________________ Wis Ee? 19 BS SC 4 23 
Caltforng 1 5 51 SE MN 10 67 
Colorado _______________ - zu ]4 28 8 ES us 50 
Connecticut_______________ = ee 2 SC sc E 2 
Florida ——-———— emnes ul — 4 ae 4 1 9 
Géorgia reni e LL. MS e 17 a 11 73 101 
Idaho em ae 1 2 1 ut ] 5 
TIOS: nuo Een NE = 11 1 2 mu ]4 
Indiana __________________ zd ee 19 DN ME D: 19 
OWa a iy a nup Eh oS Zo ]1 "v uet LE 11 
Kansas ee bereet Et Set E ids 1 20 EM x zs 21 
Kentucky ________________ Be 11 2 "- e 19 
Louisiana________________ "M 8 "S "T 235 10 
BING 2 te ia oe Le 4 wie 22 E 4 
Maryland - -—-----------—--- 1 c 8 "e = ae 9 
Massachusetts _____________ ers ae 3 E SN E 3 
Michigan __________~______ ee NM 8 Pee E e 8 
Minnesota _______________ » E 1 n mS 1 2 
Mississippi `... -------——- 1 4 22 AE 2 2c. 29 
TT WEE Be SR 12 51 2 15 80 
Montana ________________ mA 11 5 1 A "en 17 
Nebraska |... 2225 SE E 5 BS ES M 5 
Nevada _________________ Ze 6 ES Ges E 2 8 
New Hampshire -_________._-_ E = 1 Sa Ee s 1 
New Jersey Los os — m 2 1 eck WE 3 
New Mexico _____________~_— Se MS 4 2 Bis oe 6 
New York________________ 1 ie 10 =a ao vem 11 
North Carolina ____________ FUN bt 51 PP E 2 53 
North Dakota ____________~_ Ee NES 2 -— US oe 2 
Ohio ee tole rl AE EM Ste 56 19 ae Eë 75 
Oklahoma _______________ ie Es 18 SE WE Sa 18 
Orern EE 2 Gees 7 Hor TS s 7 
Pennsylvania ____________~- EM SE 37 34 ei 1 72 
South Carolina |... - NE M 28 P 1 20 49 
South Dakota _____________ SÉ 1 3 = WE NM 4 
Tennessee . . o - 19 e 12 BER 1 T" 32 
BXHS —— o fece ecu DIM. 2 11 70 2 1 1 87 
Utaha eea EC RR 3 10 1 1 1 16 
ee eet S e ee oe 2 = 15 v 1 = 16 
Washington ______________ la La T 2 Së e 9 
West Virginia _____________ E e 3 1 Za e 4 
Wyoming ________________ TN 112 3 ze. EU Ee 115 
Total cuum 3l 177 639 133 26 145 1,151 


1Includes both active and idle operations. 


DOMESTIC PRODUCTION, PRICES, AND FOREIGN TRADE, BY TYPE OF CLAY 


KAOLIN 


Domestic production of kaolin increased 
13%. The average unit value for all grades 
of kaolin increased 5% to $81.19 per short 
ton. Kaolin was produced in 15 States. Two 
States, Georgia and South Carolina, ac- 
counted for 92% of total production. Arkan- 
sas ranked third, and Missouri, fourth. Out- 
put increased in all States, except for North 
Carolina and Pennsylvania. 

Kaolin is defined as a white, claylike 
material approximating the mineral kao- 
linite. It has a specific gravity of 2.6 and a 
fusion point of 1,785° C. The other kaolin- 
group minerals, such as halloysite and 
dickite, are encompassed. 

Total domestic consumption of domesti- 
cally produced kaolin increased 13%. Ka- 


olin producers reported major end uses for 
their clay as follows: paper coating, 32%; 
paper filling, 14%; refractories, 5%; chemi- 
cals, 5%; common brick, rubber, and fiber- 
glass, 4% each; and catalysts, 3%. Capacity 
increases that occurred during the early 
1980’s, in anticipation of a growth that was 
never realized, continued to cause both 
excess plant capacity and lower profit mar- 
gins for the waterwashed kaolin producers. 
Kaolin sales for refractories use decreased. 
The refractory industry was undergoing 
long-range modifications brought about by 
changes in technology and imports. 

A notable exception to the waterwashed 
kaolin capacity increases was a shortage of 
capacity for calcined grades. Demand for 
calcined grades for paper coating and filling 
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had grown rapidly in recent years and it 
was anticipated that additional capacity 
would be brought on-stream during the mid- 
1980’s to meet this need. Production of the 
paper-grade kaolins, low-temperature cal- 
cined, delaminated, and waterwashed, in- 
creased 20%, 18%, and 14%, respectively. 

All Georgia waterwashed kaolin produc- 
ers continued to modernize, instead of ex- 
pand, to reduce drying and other energy- 
related costs. Particular emphasis was 
placed on heat recovery, improved filtra- 
tion, and increased high-solids slurry ship- 
ments. J. M. Huber Corp.’s newly completed 
40,000-ton-per-year calcining facility at its 
Huber, GA, plant was undergoing plant 
trials. J. M. Huber also took delivery of a 
new 84-inch magnetic separator at its Hub- 
er location and continued developing its 
Wilkinson County mining operation. Geor- 
gia Kaolin Co. moved its overseas shipping 
operation from Hutchinson Island in the 
Savannah River to a new closeby $30 mil- 
lion deepwater facility in the Port of Savan- 
nah. Thiele Kaolin Co. was completing its 
Ready Creek Div.’s $16 million expansion in 
Warren County, GA. A new 120,000-ton-per- 
year airfloat filler producer, Wilkinson Ka- 
olin Associates, started operations near 
Gordon, GA. Another new company, Cas- 
cade Industrial Minerals Inc., was formed to 
develop the hydrothermally altered kaolin 
deposits near Eugene, OR. An Italian com- 
pany, Ceramiche CISA S.p.A., announced 
construction plans for a ceramic tile pro- 
duction facility in the Macon, GA, area. 
The company’s American subsidiary, CISA 
America Corp., planned to use Georgia ka- 
olins in its manufacturing process. 

Exports of kaolins, as reported by the U.S. 


MINERALS YEARBOOK, 1983 


Department of Commerce, increased 3% to 
1.34 million tons valued at $158 million, 
despite a strong U.S. dollar. Kaolin, includ- 
ing calcined material, was exported to 59 
countries. The major recipients were Japan, 
31%; Canada, 18%; the Netherlands, 16%; 
Italy, 6%; and Mexico, 5%. Kaolin produc- 
ers reported end uses for their exports as 
follows: paper coating, 73%; refractories, 
10%; paper filling, 9%; rubber and paint, 
3% each; and others, including ceramics, 
chemical manufacturing, medical, pharma- 
ceutical and cosmetics, pesticides and relat- 
ed products, sanitary ware, graphite anodes, 
ink, and plastics, 2%. 

Kaolin imports decreased 21% to about 
7,500 tons valued at $754,000. The United 
Kingdom supplied about 96%. The unit 
price of kaolin imported from the United 
Kingdom increased 14%. 

Kaolin prices quoted in the trade journals 
remained unchanged except for calcined 
grade, which advanced $37. Chemical Mar- 
keting Reporter, December 26, 1988, quoted 
prices as follows: 


Waterwashed, fully calcined, 
d carloed poe f.o.b. 


Table 4.—Kaolin sold or used by producers in the United States, by State | 


State 


e EEN 
Arkansas. — SE El AN Eege 


Other? 


EE $255.00 
Papergrade, uncalcined. bulk, 
carload lots, f.o.b. Georgia, 
per ton: 
No. 1 coating. - ---------- 94.00 
No. 2 coating. ........--- 75.00 
No. 8 coating- - ---------- 73.00 
No. 4 coating- ----------- 70.00 
Filler, gonore Purpose, same 
is, per ton. ------------ 58.00 
Delaminated, watenvashed 
uncalcined, paint-grade, 
1-micrometer average, same | 
basis, per ton- - ------------ 182.00 
Dry-ground, air-floated, soft, 
same basis, per ton __________ 60.00 
National Formulary, powder, colloi- 
dal, bacteria controlled, 50-pound 
bags, 5,000-pound lots, per pound_ _ .24 
1982 1983 
Short tons Value Short tons Value 
80,836 . $4,906,151 e $9,673,861 
85,197 5,659,147 109,476 8,393,582 
25,392 1,157,344 44,367 1,163,999 
26,33 . 28,943 2,165,080 
5,268,358 445,389,265 5,885,746 523,406,722 
84,2 1,970,88 103,118 2,652,195 
615,746 25,068,174 742,178 31,409,140 
176,044 8,459,198 187,606 6,887,309 
6,362,203 492,610,166 7,202,704 584,751,888 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
“Includes Idaho, Minnesota, Nevada, North Carolina, Pennsylvania, Tennessee, Texas, and data indicated by symbol 
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Table 5.—Kaolin sold or used by producers in the United States, by kind 


, 1982 
Kind 
Short tons Value 
Airlost m ccc a LA cs ca 910,134 $43,909,147 
Calcined! ______________________ scs 2222 c 915,196 109,675,506 
Delaminated ___~_~________________________ 612,591 56,251,295 
Unprocessed. 222222 ___ sso 699,411 11,063,621 
Waterwashed ~- --—-------------—--—-—---———— 3, 224, 871 271, 710, 597 
o EE 6,862,203 492,610,166 


‘Includes both low-temperature filler and high-temperature refractory grades. 
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1983 
Short tons Value 
965,055 $54,678,774 
1,006,616 138,276,614 
122,128 68,527,254 
843,071 11,710,948 
3, 665, 834 311,558,298 
7,202,704 . 584,751,888 


Table 6.—Calcined kaolin sold or used by producers in the United States, by State 


Siete High-temperature Low-temperature 
Short tons Value Short tons Value 
1982 | 3 
A A 817,008 $29,256,516 410,044 $67,904,868 
ENEE 187,454 12,514,622 Ges de 
Total usur Aie ep ee Ee 505,152 41,771,138 410,044 67,904,868 
1988 
Georgia and Alabama -~ .-- - - ------------------ 423,682  - 40,677,908 2448,148 "86, 765,361 
Other ura cota a a a ee 389,541 37 861,746 445,250 42,971, ,599 
TOU mcn Lum a UL 518,228 48,589,654 493,898 89,736,960 


‘Includes Alabama (1982), Arkansas, California, Idaho, Pennsylvania, and Texas. 


?Excludes Alabama. | 
3Includes Arkansas, California, and Idaho. 
*Includes Pennsylvania, Texas, and South Carolina. 


Table 7.—Georgia kaolin sold or used by producers, by kind 


Kind 1982 1983 
in 
Short tons Value Short tons Value 

POSTAL ORG or nin tea niu A CL LU ue 461,922 $16,778,096 395,422 $21,359,864 
Calciñed” iaa a e id adas 727,742 97,160,884 770,556 118,769,408 
Deláminated: == ee td lá 612,591 56,251,295 722,128 ,521, 

nprocessed_ - ---------------------------- 277,245 3,856,568 360,942 4,699,555 
Waterwashed oo oo ooo oo ooo 3, 182, 858 271, "342, 422 3,636, 698 310,050,641 

Total ence lv A eed teh Ri mE 5,268,358 445,389,265 523,406,722 


5,885,146 


Includes both low-temperature filler and high-temperature refractory grades. 


MINERALS YEARBOOK, 1983 


226 


980'TI nus | 980'TT E 896 01 Gë 896'01 ee S (£861) Pegroeds you sasn 13470 *sjonpoud peje[a: pue sepronsed “81921113191 
:pesseoo1dun 'SNOJUB[[IISTIA] 
605'03 mE Kë -  608'06 SLP'SI "ie D EE er C e CHE AE ee c peuytroeds jou sasn 19470 “3]1) [e1n39nJ3s pue 
Buyoo.1 'synpold peje[er pue septorsed ‘syonpoid umsdA3 's1ozt[rj19] “N91IQ UOUIUIO() 
-380[j1T8 “SNOJUE[[IISTAL 


L16'99 EE ` Seo lY 69393 KO v9 959 G v86 8I DOG OG re D RN RAS P NAAA 28M ÁTBYUES 
SITZ LL GLE 6S eee GAS 616 09 961 TE ne &eT 66 PR d UAR C Mei MM a aia Jeqqn 
SE ae 918 L 806 9 185 ET Bes 91E'L C96 9 A a NR MEM MMC so[nue18 2utjooy 
089'8 n 669 186 L LEE 8 d LITI LS NN RRA a Na EE Aigod 
€19'8€ 880'88 96 66V. T68 S6 SEL VE c SCT EE sonsejd 
OSC Fo 310'6L6 SEU y Seo TT 098998 . 166508 —— a "c v ee lene ee eee tN MC d surly 1edeq 
g99'Izs's  899' lego ~~ P Ilic 9606 199600 ` SEENEN 3u1]609 Jaded 
296311 L99"LOT SE C86 S ¿91 L6 861 89 AN c NN A EN A AA AO NOAA dae yured 
OCH WEN 2 ES 099 T M nu ^ MN CLP M CN CMM MM MEM RM orjeursoo 'reorneoeunreud *reorpep 
M SS A A CH ME M AN. ee ge ee eee ee quaulso ‘reprou *e1n3ru UTN 
M es I MA. €9T 6I M RS Wee QURE HS NEUE a aM dcin ma MM ope kek, tian XU] 
886 916 SE Ep0 STE Shc T L88 916 7 L16 E13 Ur v EE EE K103981j01 "epp pue 830.11) 
C89 S89 SE EM TOS, TOS EN NP Pipe s Nd WO d I Ut coc ao Cn QE pues Aipunoy 
DAC SE E GV0 66 8yG 86 Ul i sere e. Is s[oureuo 'sse[3 *seze[3 “$911 eurumpe-u2rq pue sSuruip IN] Y 
I86 61 IY M 186 6I VIO Te o OE: PEON. I a Met RR D Ie de ing en at E 9rure1ao 'e[r) [[8M PUB 100l] 
808 TI BA 006'01 80v 990 T ET 966 AS whee a VIUERE ARIS sadeys 'Sxoo[q NILIQOMA 
631'631 IO LE LL 1I 19€'0L Lv y 901 63L LE LLY TI VC CEDE NR A O SIA AA [oom [&1eurur pue $58[3.19Q14 
9P8'61 uj 108'61 Sy LGE SC 000 9T Uno acc dp M CERNI ADMIS NNMERO A Ae ea ee OO KA 9984 
GSL‘GT Ra £96, SL 059 YI a £96 L 188 L EE ure[oo1od [891.139913 
(SCH GEN OpLg OLS vt 0S6 06 I, GR: D ee 918MU9UYJI189 pue 192010 :918AJOUUTp PUB BUTY 
891021 668 SIT p 9LL 96 L8L EST GTS 6 5 ee (Buruya-[10) 548418780 
GK a a SEIE EEP $ ee D ps o P CREME DM M NEUEN MEM una[our[ pue a[r 3jeudev 
IGL 60S GG a. GA) 002 evo p val lc sU eee ee Te EOE pee} (STM 
SCLecz L$6 dt 186'8 Sv8'v61 L69. OPP S8T RA RN ORAR STBOTWaYyo 19430 pus (939j[ns WINUTUIN[S) un[y 
0S6°0L L96'9S D 886 91 IG0 8S G96 66 D ORÜ RO. — Sk ee ee uocis Ne ees E t XO ER S SE S9AISSQpV 
:D1IS3WLO(J 
EE 
peysem passa 380y P9YSEM . ,pessoa oy 
[eL 1948 M -201du n SA? lee 1998 M -oo1du n JV esp] 
£86I 6861 
(Suo, J10US) 


asn Áq *s199npoud Aq pasn Jo p[os ui[O08e* 8131027) —'8 318 L 


227 


CLAYS 


Poigutgtap PUE pauto[82 9INJEIIAUIS-MO] sepn[our, 
'peuto[eo o1n7&1eduro3-Q3tq sopn[oug, 
,"P9?nquisrpur), YIM pepn[ourt *ejep Krejeridoad Aueduroo Sutso[osrp PIOAB 03 PIO9YUIIM M 


A ees eee ee eat ae ee E 


9FL'S89'¢ 696'908'P  s¢cE‘Es9 Gc S68 SO oos  £6P'S0c'T  €b6'v6S 666 L9Y [8303 pue.It) 
Oe 
NN 
vE6'89TT — 991'900'1  LSL'901 TTO 96 LIGSPI'IT  8F79'886 986 ¿01 £86 8S ISIOL 
eee 
S608 61S'L Së 90S GGG TT 9c9'01 Ge AAN AO AR AA poamquysıpu n 
68L S6S es 881 $98 6 GOP un OUO OE A nur lp e E DEUM se KA) 
666 STI SA LSL'901 GES 8 LOT Set e 986 601 lobe ard m A EE EE RS S3110338.1J9Y 
911 TZ 911 12 ae ER GLS 06 GLS 06 ae Es OS PL ae anche E ee MEME QM SJUS8[d 
198 LOT YL6 901 Së L88, 961 96 666 L8 m LEP 6 ME TECH IDEM MH MED LN MS MN MM dE gully 1edeq 
GOT 388 6SS 078 Sé ers Tp 968 698 OEF 668 p 968 96. NOCENDI en oL REPORT MANI ee A M NE 3u1]809 Jaded 
GSL'SE 60» 66 m oSé 9S6 TE 955 TE ES AAA A ARO AAA A A yuted 
:S)10dXH 
—————————————————————————————— 
————————MÀÉÉÉÉÉáÉL———ÉÉÉÉÉ——ÉÉ 
ISITILE 8080088 — 869'94G 119 686 iPP'eclv opge  LG9'I6P GEG SOR. EE EE [BIOL 
eee 
OLS‘ZE SS CC8'66 SIL'8 n O9T'ST GER el SE Ee pa3nquasipun 
£99'I8 GE SE ER (GK vos “sp E EE EE A EE peytoeds you sasn 19470 ‘sua 


"zi[1319j 'Sut[eos pue Surjoo1d.191e4 'sjonpoJd pareja pue sapionsad ‘syonpoid umedÁr) 
POYSEM1IIVM 'snoeue[[eost]A 


228 MINERALS YEARBOOK, 1983 


Table 9.—South Carolina kaolin sold or used, by producers, by kind 


; 1982 
Kind 


IN A a E G 441,694 $23,996,889 
Unprocessed num a ee E 174,052 1,071,285 
OUR 1 METIDO CP ob A ea A ee ee UR 615,746 25,068,174 


1Includes waterwashed. 


Table 10.—South Carolina kaolin sold or used by producers, by kind and use 


Short tons Value 


1983 


Short tons Value 


510,189 
231,989 


742,178 


$29,976,858 
1,432,282 


31,409,140 


(Short tons) 
Kind and use 1982 1983 
Airfloat:! 
AQHesiVeS 5 is redu dee ee I en Maii E rA yee 12,522 17,693 
Animal feed and pet waste absorbent _____________-~____~____-~_______-_ 2,193 1,269 
Cerami es ee oe ee eee Se ee et cee 27,477 5,453 
IT EES 7,929 5,540 
AAA De a etd Ae 76,969 100,099 
E EE 410 1,671 
Paper coating and filling. _______________~____---__--~___-_____--~~- 2,799 2,980 
Pesticides and related products 2222 c LLL LLL LLL 14,424 15,741 
PIBSUCS 2 Ee 11,075 14,804 
Rubber o. s eA ec ec LL Du E ie re te a c E LM LEE 158,819 196,452 
Other refractories? __—-—-—----------------—-----—-——--—-——-————-—————— 4,137 4,157 
Other uses nta ina Ed teo lares La do a it E 81,708 106,914 
¡A AA A M e E ae 40,632 37,416 
KEE EH 441,694 510,189 
Garret Face brick and other uses unknown__________________________- 174,052 231,989 
Grand total EE 615,746 142,178 
!Includes waterwashed. 


2Includes floor and wall tile, pottery, and roofing granules. 
3Includes refractory grogs and crudes; refractory mortar and cement. 


*Includes animal oil; catalyst (oil-refining); chemical manufacturing; electrical porcelain; face brick; firebrick, blocks, 
and shapes; high alumina refractories; ink; medical, pharmaceutica and cosmetic; roofing tile; sewer pipe; and other 


unknown uses. 
5Includes ceramics, adhesives, paper filling, pesticides and related products, and rubber. 
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Figure 1.—Kaolin sold or used by domestic producers for specified uses. 


BALL CLAY 


. Reported production of domestic ball clay 
increased 16% to 746,811 tons valued at $26 
million. Tennessee provided 68% of the 


Nation's output, followed, in order of pro- 


duction, by Kentucky, Mississippi, Texas, 
Maryland, and New York.? Production in- 
creased in all States except Texas. The 
principal ball clay markets continued to be 
ceramics, mainly dinnerware, pottery, wall 
tile, and sanitary ware. Recovery of the 
construction industry and the overall econo- 
my during the year spurred the impressive 
ball clay production gains. 

Ball clay is defined as a plastic, white- 
firing clay used principally for bonding in 
ceramic ware. The clays are of sedimentary 
origin and consist mainly of the clay miner- 
al kaolinite and sericite micas. 

Increased production capacities, modern- 
ization, and/or new plant construction con- 


tinued cautiously during the year. Ball clay 
producers were also cautiously increasing 
their capabilities to produce water-slurried 
ball clay for sanitary ware, dinnerware, and 
tile markets or adopting this capability. At 
midyear, Rànchers Exploration and Devel- 
opment Corp. acquired Kentucky-Tennessee 
Clay Co. when it obtained more than 50% of 
its outstanding shares. Kentucky-Tennessee 
Clay is the largest domestic ball clay pro- 
ducer with multistate operations. 

The average unit value for ball clay 
reported by domestic producers increased 
slightly to $35.08 per ton. Chemical Market- 
ing Reporter, December 26, 1983, listed ball 
clay prices, revised upwards to reflect more 
realistic prices, as follows: 


Domestic, air-floated, bags, carload lots, 


Tennessee, per ton -—--------------- $49.00 
Domestic, crushed, moisture-repellent, bulk 
carload lots, Tennessee, per ton |... _ 24.00 
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Ball clay exports increased slightly to 
146,000 short tons valued at $4.8 million. 
Unit value decreased 8% to $33.07 per ton. 
Shipments were made to 24 countries. The 
major recipients were Mexico, 58%, and 
Canada, 37%. The large Mexican market 
was still being partially supplied by its 
domestic clays influenced by a lack of for- 
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eign capital caused by poor economic condi- 
tions and devaluation of the peso. 

Ball clay imports, almost entirely from 
the United Kingdom, decreased 23% to 
3,962 tons valued at $280,000. The unit 
value of these imports decreased slightly to 
$70.67 per ton. 


Table 12.—Ball clay sold or used by producers in the United States, by State 


State Airfloat! Unprocessed Total 
Short tons Value Short tons Value Short tons Value 
1982 
Tennessee ________________ _ 238,657 $9,111,952 181,900 $4,680,024 420,557 $13,791,976 
Other ui dianas 2189,827 27,635,223 332,107 3796,208 221,934 8,431,431 
Totàl sia il enc 428,484 16,747,175 ` 214,007 5,416,232 642,491 . 22,223,407 
1983 | | 
Tennessee ________________ 315,937 . 11,826,934 191,807 5,128,676 507,144 16,955,610 
Other as a dente 2226,140 28,917,738 312,927 3327,931 239,067 9,245,669 
Total conci ito a 542,077 20,744,672 204,734 5,456,607 746,811 26,201,279 
1Includes water-slurried. 
2Includes Kentucky, Maryland, Mississippi, and Texas (1983). 
3Includes California (1982), Kentucky, Maryland, Mississippi, New York, and Texas (1982). 
Table 13.—Ball clay sold or used by producers in the United States, by use 
(Short tons) 
1982 1983 
Use Air- Un- Air- Un- 
float! ^X processed Total float! ^ processed Total 
Adhesives -------------------—---———- W "T W W Bei W 
Animal feed -———------------------——— W 11,650 W W 9,550 
China and dinnerware __ -—- ------------—- 21,651 135 28,392 34,779 __ 34,779 
Crockery and other earthenware____________ W EN W W E W 
Drilling mud- - -------—-- ENA O W EE W W 
Electrical porcelain. - - ---------------—- 9,790 5,450 15,240 12,545 6,908 19,453 
Fiberglass and catalysts (oil-refining) - - - -- ---— W Ta W W Ge 
Firebrick, blocks, shapes- - - - -- ---------—- W W W W W W 
Glazes, glass, enamels -— ----—----------—- W W 2,135 2,446 245 2,691 
Grogs and crudes, high-alumina, mortar and cement 
refractories _.._______________- LL 69,804 6,487 76,291 81,175 8,207 89,382 
Kiln furniture- ——. ti eg 2,001 ers 2,001 1,786 "e 1,786 
Paper coating and filling ---------------- 11,476 ns 11,476 11,329 EN 11,329 
Pesticides and related products- — - - --------- "e W W S W W 
Pottery osa ii a 145,254 11,883 157,087 179,059 17,113 196,172 
Rubber cies sire hee = W W PM! W W 
italy Ware na ro ta ra a e e e e 44,119 78,249 122,368 43,584 93,627 137,211 
ile: 
Floor and wall__------------------—- 29,718 56,371 86,089 63,581 37,029 100,610 
her. comae E Sa BE Gë Pt 1,607 1,607 
Miscellaneous __ - -- - ---------------——- 34,544 24,028 245,387 54,389 13,019 257,8 
EXDOFS So te aea 54,121 30,254 84,315 51,404 26,979 84,8 
Total sue iL ede ec e a 428,484 . 214,007 642,491 542,077 204,734 746,811 


W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous.” 


!Includes water-slurried. 


2Incomplete total; difference included in totals for specific uses. 
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FIRE CLAY 


Fire clay sold or used by domestic produc- 
ers decreased 4% to 1.04 million tons valued 
at $16.4 million. Fire clay is defined as 
detrital material, either plastic or rocklike, 
containing low percentages of iron oxide, 
lime, magnesia, and alkalies to enable the 
material to withstand temperatures of 
1,500° C or higher. It is basically kaolinite 
but usually contains other materials such 
as diaspore, ball clay, bauxite clay, and 
shale. Fire clays commonly occur as under- 
clay below coal seams and are generally 
used for refractories. Some fire clay was 
previously reported in other end uses in this 
report. 

Industrywide expansions, moderniza- 
tions, acquisitions, and/or mergers were 
slowed during the year. Most plants were 
closed for part of the year or placed on 
minimal production schedules. The refrac- 
tory clay industry appeared to be entering a 
period of low production, reflecting lower 
demand by major consumers—steel, found- 
ry, aluminum, and cement industries. In 
addition, these industries were switching to 
higher alumina-based refractories, either 
direct-fired or specialties, which contain 
less fire clay. An exception to the industry 
retrenchments was the $1.4 million expan- 
sion launched by Donoho Clay Co. at its 
Anniston, AL, plant. The company’s unique 
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high-silica clay was being widely used by 
the iron and steel industries in their cupo- 
las and electric arc furnaces. Kaiser Alumi- 
num was selling its refractory plants in 
Frostburg, MD, Plymouth Meeting, PA, and 
Gary, IN. The Frostburg plant, the only clay 
and high-alumina plant among the three, 
had been serving as a distribution point for 
the company’s eastern markets. 

Fire clay production was reported from 
mines in 17 States. Six States, Missouri, 
Ohio, West Virginia, Alabama, Pennsylva- 
nia, and Texas, in order of volume, account- 
ed for 88% of the total domestic output. 
Production increased significantly in Ala- 
bama and Ohio and decreased significantly 
in Missouri and Pennsylvania. 

Exports of fire clay decreased 8% to 
165,000 tons valued at $13.5 million. The 
price of exported fire clay increased 8% to 
$81.68 per ton, suggesting a larger percent- 
age of higher quality material shipped. Fire 
clay was exported to 22 countries. Belgium- 
Luxembourg received 31% and Japan 
received 30%, while Canada and Mexico 
received 12% and 11%, respectively. There 
were no imports of fire clay. 

Unit value for fire clay, reported by 
producers, ranged from $5 to $26 per ton. 
The average unit value decreased 7% to 
$15.73 per ton. 


Table 14.—Fire clay sold or used by producers in the United States, by State! 


1982 1983 
State 
Short tons Value Short tons Value 

Alabama. EE 89,500 $2,085,278 137,232 $3,595,800 
Colorado — e casio es n. 2,429 ,056 12,110 114,516 
Trung ho aS ee es da UE AR. 10,464 131,323 = PE 
Kentucky and West Virginia? ___________________ 9,698 106,699 167,467 1,912,388 
Missoüri o oet e nM uti se o AM Ser ee ae 447,668 8,832,909 310,675 5,479,963 
A AAA A 546 W 188 W 
New Jersey uu no a eee ta ete ita 12,143 212,240 12,018 211,000 
New Mexico ie ii W W 2,251 20,282 
Ohio _________ MODERNO EE EM A A 152,089 2,214,063 248,055 3,421,330 
Pennsylvania 2. un nnm mc Ee 135,881 2,601,714 61,537 853,104 
South Carolina _________~___~___~________ Le W W 18,302 W 
eXaS__—---------- EE e 38,493 233,728 43,508 281,601 
¡A nc cou C rum a ik ce a at ee W W 622 4,980 
Washington 2 ose a W W 7,000 W 
Other? oct ee EE ds 188,060 2,002,742 22,109 502,966 
Total EE 1,086,971 18,448,752 1,043,074 16,403,930 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 

1Refractory uses only. 

21982 data included Kentucky only. 

3Includes California, Idaho, Indiana (1983), West Virginia (1982), and data indicated by symbol W. 
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BENTONITE 


Bentonite production decreased 11% to 
2.9 million tons valued at $81.7 million. A 
19% decrease in production of swelling 
bentonite in Wyoming, the largest produc- 
ing State, accounted for most of this de- 
crease. Domestic consumption decreased for 
drilling mud, foundry sand, and pelletizing 
iron ore. 

Bentonite was produced in 15 States. The 
high-swelling or sodium bentonites contin- 
ued to be produced chiefly in Wyoming, 
Montana, and California. The calcium or 
low-swelling bentonites continued to be pro- 
duced in the other States. 

All major western and southern bentonite 
producers either canceled or deferred on- 
going expansions or modernizations. Most 
plants were shut down intermittently dur- 
ing the year or were on reduced production 
schedules. However, the industry remained 
in a position to meet reasonable increases in 
demand. The industry malaise was caused 
by low levels of oil- and gas-well drilling 
activities during the year compounded by 
continued depression in the steel and found- 
ry industries. These three industries tradi- 
tionally had consumed about 90% of domes- 
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tic output. Some increase in drilling and 
foundry activities occurred near yearend. 

Two notable exceptions to the bentonite 
industry’s slowdown were the activities of 
the American Colloid Co. and Southern 
Clay Products Inc., a subsidiary of English 
China Clays America. American Colloid 
built a new facility in Belle Fouche, SD, the 
location of one of its sodium bentonite 
plants, for production of a white bentonite 
and a magnesium aluminum silicate for the 
pharmaceutical and cosmetic industries. 
Southern Clay began a $2 million expansion 
of an organoclay production operation in 
Gonzales, TX, which, when completed, will 
double the plant’s capacity. Organoclay vis- 
cosifiers are used as rheological control 
additives in water-based systems, such as in 
paints, and oil-based drilling muds. In an- 
other bentonite event, Kaiser Aluminum 
and Gulf Oil Corp. set up a new specialty 
chemicals joint venture, Harshaw-Filtrol 
Partnership, that combined the assets of 
Gulf's Harshaw Chemicals and Kaiser's Fil- 
trol subsidiary. Filtrol was a major pro- 
ducer of clay-based absorbents and catalysts 
for the oil refinery industry. 


Table 15.—Bentonite sold or used by producers in the United States, by State 


Nonswelling 
State 
Short tons Value 
1982 
Arizona ______________ 27,518 $529,189 
California... 54,142 3,125,351 
Colorado. . 4,000 56,000 
Kansas ______________ y Kë 
Mississippi - - .....- 231,596 6,063,403 
Montana _____________ TIN Sie 
Nevada ` e Bei 
d LEE 49,580 3,496,738 
Uh ss Se m ms 
Wyoming ____________~_ E EE 
heb. eege 1132,799 13,198,914 
Total oon aa aa 500,235 17,069,595 
1983 

Arizona ---_--_--o.. 32,316 934,145 
California- _-__-_----.-_ 65,789 4,655,802 

Colorado. - - ---------—- 4, 56,0 
Kansas os xe - ae 
Mississippi -----.-.-:u-.--- 240,944 5,952,304 
Montana _____________ aye pent 
Nevada _____________ _ SCH aus 

Texas 2-14 cen W 

Utah 2 ain dee £x 
Wyoming --—----------- == sons 
her EE 1160,361 14 874,387 
Total octal oe See 503,410 16,472,638 


Swelling Total 
Short tons Value Short tons Value 

SR Saz 27,518 $529,189 
20,907 $995,104 75,649 4,720,455 
60 660 4,060 6,660 
15,000 300,000 15,000 300,000 
» "s 231,596 6,063,403 
207,879 8,042,594 207,879 8,042,594 
14,500 52,206 14,500 . 152,206 
50,890 1,664,709 100,470 5,161,447 
6,874 ,543 6,874 ,543 
2,401,116 12,992,324 2,407,776 72,992,324 
220,679 2852,102 153,478 4,051,016 
2,144,565 85,696,242 3,244,800 102,765,837 
E LN 32,316 934,145 
22,303 1,239,437 88,092 5,895,239 
300 6,000 4,300 — 62,000 
15,000 300,000 15,000 300,000 
ee EE 240,944 5,952,304 
179,068 6,170,500 179,068 6,170,500 
20,151 1,191,425 20,151 1,191,425 
W W 14,156 2,815,965 
6,230 187,000 6,230 187,000 
1,938,499 48,046,760 1,938,499 48,046,760 
2201,909 28,092,366 287,514 10,090,788 
2,383,460 65,233,488 2,886,870 81,706,126 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


1Includes Alabama, Idaho (1982), and Louisiana. 
2Includes Idaho, South Dakota, and Tennessee. 
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Table 16.—Bentonite sold or used by producers in the United States, by use 
(Short tons) ` 
1982 1983 
Use Non- ; Non- 
swelling Swelling Total swelling Swelling Total 
Domestic: 
Adhesives... LLL scr nw 179 179 E 6,688 6,688 
Animal feed _______________ _ 66,334 74,148 140,482 38,737 98,220 136,957 
Catalysts (oil-refining) ---__------ 4,311 4 4,315 10,329 178 10,507 
Cement, portland -____________ Se W W EM W W 
Drilling mud _______________~_ 15,275 1,409,072 1,424,347 980 1,155,189 1,155,769 
Fertilizers. _________________ E? ,149 ,149 e SN se 
Filtering, clarifying, decolorizing: 
Animal oils and mineral oils and 
greases _______________ 120,120 1,936 122,056 81,781 4,260 86,041 
Vegetable ole __________ - 27,135 TN 21,135 21,250 4,203 25,453 
Foundry sand .... 186,243 328,028 514,271 207,224 372,126 579,950 
Glazes, glass, enamels ` ... S W W M W W 
Medical, pharmaceutical, cosmetic . .. _ ae 8,050 8,050 Ss 4,437 4,437 
enke "M 12,998 12,998 — 9,223 9,223 
Pelletizing (iron ore) ___________ Ss 396,506 396,506 Ez 301,357 301,357 
Pesticides and related products _ _ __ _ 366 4,731 ,097 506 ,282 : 
Pet waste absorbent____________ W "a W W ere 
Waterproofing and sealing- _______ 17,939 87,527 105,466 20,079 73,534 93,613 
Miscellaneous. 60,155 65,817 125,972 120,488 14,116 194,604 
Total ius cata nic 497,878 | 2,891,745 2,889,623 500,974 2,111,413 2,612,387 
Exports: 
Drilling mud _ e 227,409 227,409 = 178,037 178,037 
Foundry sand _______________ 109 53,441 53,550 126 34,943 35,069 
EEN 2,248 71,970 74,218 2,310 59,067 61,377 
Total _______________ 2,357 352,820 355,177 2,436 272,047 274,483 
Grand total -__________ 500,235 2,744,565 3,244,800 503,410 2,383,460 2,886,870 


W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous.” 
1Chemical manufacturing, fiberglass, firebrick, blocks and shapes, gypsum products, mineral wool and insulation, oil 
e grease absorbents, paper coating, paper filling, plastics, rubber, ink, uses not specified and data indicated by symbol 


2Includes animal feed, face brick, paint, plastics, waterproofing and sealing, and uses not specified. 


On December 26, 1983, Chemical Market- 
ing Reporter quoted domestic bentonite, 200 
mesh, bags, carload lots, f.o.b. mines, as 
$43.50 per ton. The average unit value 
reported by domestic producers decreased 
11% to $28.30 per ton. Per-ton values re- 
ported in the various producing States rang- 
ed from $12.10 to $82.23, but the average 
value reported by the larger producers was 
near the Montana average figure of $34.46. 

Bentonite exports decreased 17% to 
554,000 tons valued at $42.6 million. The 
unit value of exported bentonite decreased 
6% to $76.86 per ton; this was attributed to 
a smaller percentage of the higher cost 
drilling muds and foundry sand grades 
shipped. Domestic bentonite producers were 
facing increased competition in foreign 
markets caused in part by the strength of 


the U.S. dollar. 

Bentonite was exported to 70 countries. 
The major recipients were Canada, 35%; 
Japan, 13%; Singapore, 9%; Venezuela, 5%; 
and the Federal Republic of Germany and 
the Netherlands, 4% each. Domestic ben- 
tonite producers reported that the end uses 
of their exports were drilling mud, 65%; 
foundry sand, 13%; and other, 22%. 

Bentonite imports, consisting largely of: 
chemically activated material, increased 
6% to 7,696 tons valued at $2.1 million, 
primarily because of increased shipments 
from Mexico. The chemically activated ben- 
tonite was imported from six countries, 
with Canada supplying 48%; Mexico, 44%; 
the Federal Republic of Germany, 5%; and 
the United Kingdom, Japan, and Italy, the 
remaining 3%. 


BENTONITE, thousand short tons 
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Figure 2.—Bentonite sold or used by domestic producers for specified uses. 


FULLER'S EARTH 


Production of fuller's earth increased 
14% to 1.91 million tons valued at $107 
million. Most of the increase was caused by 
a 69% increase in attapulgite production in 
Georgia. The average unit value decreased 
3% to $55.81 per ton largely because of 
improved canvassing of lower valued ab- 
sorbent clay producers. Production was re- 
ported from operations in 12 States. The 
two top producing States, Georgia and Flori- 
da, accounted for 5896 of domestic produc- 
tion. All of the States except Florida and 
Nevada showed gains in production, while 
Utah was unchanged. 

Significant increases in consumption oc- 
curred in oil and grease absorbents and pet 
waste absorbents. . " 

Fuller's earth is defined as a nonplastic 
clay or claylike material, usually high in 
magnesia, which has adequate decolorizing 
and purifying properties. 

Production from the region that includes 
Attapulgus, Decatur County, GA, and Quin- 
cy, Gadsden County, FL, is composed pre- 


dominantly of the lath-shaped amphibole 
clay mineral attapulgite. Most of the ful- 
ler’s earth produced in other areas of the 
United States contains varieties of mont- 
morillonite. 

Industrywide enlargements, moderni- 
zations, acquisitions, and/or mergers were 
either canceled or deferred until economic 
conditions improve. One notable exception 
was an expansion by Excel Minerals Inc. 
into eastern markets by setting up a pack- 
aging plant in Quincy, FL. The west coast- 
based company was planning to distribute 
pet waste absorbent clays supplied by the 
Floridin Co. from its nearby fuller’s earth 
operation in Quincy. 

Attapulgite, a fuller’s earth-type clay, 
finds wide application in both the absorbent 
and thickening areas. The thixotropic prop- 
erties of attapulgite clays provide the im- 
portant thickening and viscosity controls 
necessary for suspending solids. Mineral 
thickeners are used in such diverse markets 
as paints, joint compound cement, polishes, 
and plastics. 
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value of exported fuller’s earth decreased 
8% to $85.24 per ton. The major recipients 
were Canada, 70%; the Netherlands, 19%; 
and Japan and the United Kingdom, 3% 
each. No imports of fuller’s earth were 
reported. 


Prices for attapulgite reported by produc- 
ers ranged from $47.41 to $67.75 per ton; 
montmorillonite prices ranged from $10 to 
$79. 

Fuller’s earth exports to 32 countries 
increased 10% to 102,000 tons. The unit 


Table 17.—Fuller’s earth sold or used by producers in the United States, by State 


oe Attapulgite Montmorillonite | Total 
Short tons Value Short tons Value Short tons Value 
1982 
Florida ______________ 442,253 $30,907,739 E suse 442,253 $30,907,739 
Georgia ______________ 294,861 15,763,497 239,323 $11,794,188 534,184 27,557,685 
Other ` ege e EN et ee 1119,059 16 645,625 2587,159 731,533,356 706,218 38,178,981 
Total_._----------— 856,173 53,316,861 826,482 43,327,544 1,682,655 96,644,405 
1983 
Florida ______________ 423,986 28,727,128 ee za 423,986 28,727,128 
Georgia ______________ 497,191 23,571,143 195,240 9,254,469 692,431 32,825,612 
Texas ouem 21,689 1,415,440 W W W W 
Virginia. i. oo ees Se T 40,000 2,000,000 40,000 2,000,000 
hé. ec 186,370 14 476,993 2647158 737,245,322 755,217 43,137,755 
Total acts do Tea asis 1,029,236 58,190,704 882,398 48,499,791 1,911,634 106,690,495 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
! Includes Illinois (1983), Nevada, and Texas. 
2Includes Arizona (1983), Illinois, Mississippi, Missouri, South Carolina, Tennessee, Utah, and Virginia (1982). 


Table 18.—Fuller's earth sold or used by producers in the United States, by use 


(Short tons) 
1982 1983 
Use Atta- Montmoril- Atta- Montmoril- 
pulgite lonite Total pulgite lonite Total 
Domestic: 
Adhesives_________________ 661 — 661 1,865 a 1,865 
Animal feed _______________ 10 i 10 is -— Se 
Drilling mud - - -- ---------——- 109,226 GH 109,226 81,406 "t 81,406 
Fertilizers ________________ 54,268 19,285 73,553 47,257 13,331 60,588 
Filtering, clarifying, decolorizing 
mineral oils and greases_ - _ _ _ — — 19,102 ee 19,102 21,185 1,576 22,161 
Medical, pharmaceutical, cosmetic_ — 112 Eade 112 111 2 113 
Oil and grease absorbents ______-_ 170,031 232,833 402,864 269,688 193,946 463,634 
Pant AAA eni hx. E 5,396 " 5,396 8,238 FUE ,238 
Pesticides and related products. _ _ _ 92,327 75,210 167,537 69,731 83,858 153,589 
Pet waste absorbent _________ _ 320,179 359,958 680,137 320,587 485,844 806,431 
Other ==. Sie it le EE tod "c 22,971 10,126 33,097 
Miscellaneous! |... 34,032 81,557 115,589 66,945 40,879 107,824 
Total«-- 9 2c te es 805,344 168,843 1,574,187 ` 909,984 829,562 1,739,546 
Exports: 
Drilling mud- ------------—- 653 as 653 865 ae 865 
Oil and grease absorbents _ __ _ _ _ 41,539 29,783 71,322 91,911 36,469 128,380 
Pesticides and related products_ _ _ _ Set ES f 7,437 458 ; 
Pet waste absorbent |... _ 3,297 27,513 30,810 12,805 12,898 25,703 
Miscellaneous? _____________ 5,340 343 5,683 6,234 3,011 9,245 
"Total EEN 50,829 57,639 108,468 119,252 52,836 172,088 
Grand total _____________ 856,173 826,482 1,682,655 1,029,236 882,398 1,911,634 


1Includes common brick; catalyst oil refining; chemical manufacturing; glazes, glasses, and enamel; gypsum products; 
mortar and cement refractories; plastics; pottery; and sanitary ware. 


2Includes paint and uses not specified. 
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Figure 3.—Fuller's earth sold or used by domestic producers for specified uses. 


COMMON CLAY 


Domestic sales or use of common clay and 
shale increased 2196 to 27.2 million tons 
valued at $116 million. Output increased 
significantly in Alabama, Georgia, and 
North Carolina and decreased in Texas, the 
major producing State. Common clay and 
shale represented 66% of the quantity and 
12% of the value of total domestic clay 
production. Domestic clays and shales had 
been used mainly by producers to fabricate 
or manufacture products. Less than 10% of 
the total output was sold. The average unit 
value for all common clay and shale pro- 
duced in the United States and Puerto Rico 
increased 3% to $4.25 per short ton. The 
range in unit value was from $2 to $20.93. 

Common clay is defined as a clay or 
claylike material that is sufficiently plastic 
to permit ready molding and that vitrifies 
below 1,100° C. Shale is sedimentary rock 
composed chiefly of clay minerals that has 
been both laminated and indurated while 
buried under other sediments. Clay and 
shale are used in the manufacture of struc- 


tural clay products such as brick and drain 
tile, portland cement clinker, and bloated 
lightweight aggregates. 

Increased production capacities, new 
plants, and acquisitions and/or mergers 
slowed during the year. The construction 
industry, the largest consumer of heavy 
clay products, such as brick, lightweight 
aggregate, portland cement, sewer pipe, and 
tiles, was emerging from its depressed state. 
Large inventories, which resulted in either 
plant shutdowns or lower production sched- 
ules during the first part of the year, were 
worked off by midyear and at yearend the 
industry was experiencing heavy produc- 
tion. 

The Lingl Corp. installed a coal-firing 
kiln system for Glen-Gery Corp. at its York, 
PA, brickworks. Kiln capacity was 125,000 
bricks per day. Another coal conversion 
contract was awarded to Harrop Industries 
Inc. by Richtex Corp. to convert one of its 
Columbia, SC, kilns to coal-firing by year- 
end. 

Henderson Clay Products Co., Henderson, 
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TX, announced the acquisition of the Glea- 
son Clay Products Div., Nashville, TN, from 
Herbert Materials Inc. that was divesting 
itself of its building materials holdings. 
Henderson operated six brick manufactur- 
ing plants in the Tennessee, Midsouth, and 
Southwestern areas. 

Work was proceeding on a new $6 million 
clay lightweight aggregate complex in Clay 
County on Georgia’s southwest border. The 
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world’s largest lightweight aggregate kiln, 
was ideally located near the Chattahoochee 
River and accessible to barge transport. 
Output of heavy clay products continued - 
to be hindered by fluctuating fuel costs and 
labor shortages. Industry attention in the 
Northwest and Southeast focused on coal, 
sawdust, and woodchip firing as a possible 
escape from the high cost of oil and gas and 


intermittent availability of the latter. 
new plant, reportedly containing the 


Table 19.—Common clay and shale SC used by producers in the United States, by 


tate! | 
1982 1983 
State . 
Short tons Value Short tons Value 
Alabama c tt ta LLLI 1,153,099 $6,201,113 1,624,734 $8,487,924 
Arzona cbe a c e ye se oe eas 115,460 68,4 , 118,815 490,290 
Arkansas > EE e 543,701 998,676 769,217 1,562,063 
California EE 1,642,558 9,653,436 1,683,153 11,196,177 
e, LEE 194,301 1,039,188 442,807 2,473,005 
Connecticut EE Rm cen ric 55,874 329,459 86,034 514,910 
AAA a E 203,031 431,466 231,416 674,043 
Georgine 970,441 2,820,589 1,280,809 3,773,157 
¡A E EE S 444,055 2,174,132 16,580 3,359,537 
E E, CC uL uisum inet eoe e ric. 500,923 1,220,519 557,698 1,421,142 
lowa hic nen ue a A nt eS A 436,163 2,391,983 516,251 3,257,649 
KANSAS sii tu a a lt on, de de ty das 648,862 3,356,235 703,234 3,620,604 
Kentucky as a e e Ae SE 569,596 1,931,784 669,300 2,142,337 
PA CRA EE 308,664 6,215,920 505,054 10,573,640 
Maine: ARANA A AA 37,488 75,782 43,4 92,5 
Maryland osito eye as fat 404,737 1,346,287 483,741 1,746,874 
Massachusetts __________________________ 210,364 1,114,663 236,993 1,298,295 
Mt OT EE 1,022,436 4,369,853 1,198,900 5,693,416 
RE EEN 329,857 1,212,289 943,089 2,694,071 
Missouri _______________________________e 851,284 2,604,805 1,003,755 3,716,105 
Montaja- rc ss de ek a es ee LL 9,675 21,718 15,226 33,8 
Nebraska A PASA 133,687 391,617 163,651 500,951 
New Jersey o a ts hg e 50,560 353,920 50, 385,000 
New Mexico__________________~________ 59,944 112,459 47,609 94,224 
REA] AAA ES 352,319 896,647 371,060 868,551 
North Carolina ----------------------———-—- 1,573,368 5,243,016 - ^ 2,067,947 6,680,959 
Ohio: Anes oe niae "no INC 1,299,077 3,885,544 1,468,285 4,639,527 
IA ois es es pe ee he, ee EN 751,858 1,907,322 861,531 2,287,746 
Di A A E NS 149,399 212,385 188,222 275,397 
PennsylvahlB.-- s oL eue ee a ee 195,043 3,014,343 854,687 3,457,825 
Puerto Rico Ge Ei a re Ec ee ee ¿de 162,038 97,911 125,259 251,204 
South Carolina -—-—--------------—-—-----———— 901,583 2,793,023 1,052,666 3,118,251 
South Dakota ——. eee ns ar eee 128,137 45,705 122,576 353,105 
Tennessee _______________________ Le 223,842 511,199 433,221 955,685 
Bc) VE 3,939,835 16,066,641 3,714,421 14,426,690 
Utah. he ot ee a A 75,201 91,352 20,22 1,376,665 
Virina EE 419,340 2,094,051 744,291 3,466,950 
ET RT EEN 244,104 1,724,303 275,285 1,714,671 
West Virginia. ont ee ee eebe 209,653 583,478 248,571 531,990 
WYOMING EE 153,269 703,528 201,263 1,011,916 
E AS 111,995 662,105 90,934 67,358 
OUR A IAN E E oe AT 22,488,021 92,668,931 27,191,995 115,586,280 
1Includes Puerto Rico. 
?Includes Minnesota, New Hampshire, and North Dakota. 
CONSUMPTION AND USES 


The manufacture of heavy clay products 
including (1) building brick, sewer pipe and 
drain, roofing, structural, terra cotta, and 
other tile; (2) portland cement clinker; and 
(3) lightweight aggregate accounted for 
24%, 18%, and 11%, respectively, of total 


domestic consumption. In summary, 66% of 
all clay produced was consumed in the 
manufacture of these clay- and shale-based 
construction materials. 

Heavy Clay Products.—The value re- 
ported for shipments of heavy clay products 
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increased 26% to $1.16 billion. Thousand- 
unit counts for building or common face 
brick increased 31%. Vitrified clay sewer 
pipe and fittings shipped increased 15% and 
shipments of clay floor and wall tile increas- 
ed 12%. Notable increases in common clay 
and shale used in building brick production 
occurred in Alabama, Arkansas, Colorado, 
Illinois, Indiana, Iowa, Kentucky, Mary- 
land, West Virginia, North Carolina, Ohio, 
and Virginia. | 

Lightweight Aggregates.—Consumption 
of clay and shale in the manufacture of 
lightweight aggregate increased 9% to 4.4 
million tons. This was attributed to the 
upturn in construction. Demand in the 
newer markets, such as running tracks, golf 
courses, and horticulture, continued to 
grow. 

Refractories.—All types of clay were used 
in manufacturing refractories. Fire clay, 
bentonite, and kaolin accounted for 36%, 
23%, and 19%, respectively, of total clays 
used for this purpose. The remainder, ball 
clay, fuller’s earth, and common clay and 
shale, was used primarily as bonding 
agents. Bentonite was used primarily as a 
bonding agent in proprietary foundry for- 
mulations. | 

The tonnage of clays used for refractories 
increased slightly and constituted 6% of 
total clays produced. The modest recovery 
of the depressed refractory consuming in- 
dustries, including steel, cement, foundry, 
and glass, were responsible for the increas- 
ed consumption. These increases caused 
continued expansion in refractory aggre- 
gate production and a slight upsurge in the 
manufacture of more conventional brick- 
type refractories. Refractory aggregates 
were used mostly in specialty plastics, gun- 
ning, ramming, castable mixes, and/or as a 
substitute for refractory bauxite. The major 
refractory consuming industries were con- 
tinuing to undergo major changes in tech- 
nology and production levels for their prod- 
ucts. 

Filler.—All kinds of clay have been used 
to some extent as fillers in one or more 
areas of use. Kaolin, fuller's earth, and 
bentonite have been the principal filler 
clays. Kaolin was used in the manufacture 
of paper, rubber, paint, and adhesives. Ful- 
ler's earth was used primarily in pesticides 
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and fertilizers. Clays were used in pesticides 
and fertilizers as carriers, diluents, or prill- 
ing agents. Bentonites were used mainly in 
animal feeds. _ 

Of total clay produced, 11% was used in 
filler applications; of this, kaolin accounted 
for 88%; fuller’s earth, 5%; bentonite, 4%; 
and ball clay, common clay and shale, and 
fire clay, the remaining 3%. Kaolin consum- 
ed as fillers increased 45% to 3.9 million 


- tons. Increases occurred in the use of kaolin 


as filler in adhesives, 28%; paint, 16%; and 
paper filler and coater, 15% each. The total 
quantity of fuller’s earth used in insecti- 
cides and fungicides decreased 8%. 

Absorbent Uses.—Absorbent uses for 
clays accounted for over 1.45 million tons, 
or 4% of total clay consumption. Demand 
for absorbents increased 19%. Fuller’s 
earth was the principal clay used for ab- 
sorbent purposes, and this application 
accounted for 88% of its entire output. 
Bentonite was also used. Demand for clays 
in pet waste absorbent, representing 66% of 
absorbent use, increased 18%. Use in floor 
absorbents, chiefly to absorb hazardous oily 
substances, representing the remaining 
34% of absorbent demand, increased 16%. 

Drilling Mud.—Demand for clays in 
rotary-drilling muds decreased 20% to 1.24 
million tons and accounted for 3% of total 
clay production. The domestic bentonite 
industry had continued its rapid expansion, 
begun in the latter half of the 1970's, until 
mid-1982. Then an oil glut and economic 
downturn, compounded by uncertainty as to 
the future of unregulated deep gas, resulted 
in lower oil- and gas-well drilling activity 
that continued into 1983. Swelling-type ben- 
tonite remained the principal clay used in 
drilling mud mixes, although fuller's earth 
and nonswelling bentonite were used to a . 
limited extent. Bentonite and fuller's earth 
accounted for nearly 100% of the total 
amount of clay used for this purpose. Small 
amounts of ball clay and kaolin were used 
in specialized formulations. 

Floor and Wall Tile.—Common clay and 
shale, ball clay, fire clay, and kaolin, in 
order of volume, were used in manufactur- 
ing floor, wall, and quarry tile. This end-use 
category accounted for 1% of the total clay 
production. Demand for tile increased 11% 
to 406,000 tons. , 
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Table 21.—Shipments of principal structural clay products in the United States 


Product 1979 
Unglazed common and face brick: 
Quantity NEEN million standard brick_ — 8,020 
Bldg. a i IA OA million_ . $749 
Unglazed structural tile: 
Juanu EE thousand short tons. _ 69 
Oa a EE million. _ $4 
Vitrified clay and sewer pipe fittings 
SE EE thousand short tons... 847 
ALO e ooo eegen million. _ $120 
Unglazed, salt-glazed, ceramic-glazed structural 
facing tile including glazed brick: 
uahtil9 calor ee million equivalent_ — 56 
A de million_ _ $11 
Clay floor and wall tile including quarry tile: 
Quantity EE million square feet_ _ 314 
CIT dente EE E million_ _ $295 
Total value --—------------------—- do... $1,179 


W Withheld to avoid disclosing company proprietary data. 
1Data do not add to total shown because of independent rounding. 


Source: Bureau of Census Report Form M32-D (82), Current Industrial Reports—Clay Construction Products. 


1980 


6,513 
$625 


102 
$7 


654 
$109 
46 
$11 


323 
$310 


$1,062 


1981 


1982 
5202 4,407 
$540 $504 
92 49 
$8 $6 
463 325 
$73 $52 
35 11 
$10 $8 
288 296 
$341 $354 
$972  1$923 


Table 22.—Common clay and shale used in building brick production in the United 


States, by State 
State 

Short tons 
BET EE 579,011 
Arizona and New Mexvicn. 2S2 222222 c 137,890 
ATRAnsas: n ais a S 250,467 
California: vto a eS 412,455 
Colorado i it a a a a 193,101 
GE Florida (1982), New Jersey _____________ 116,059 
E la s ooo ye ie ye ae E 829,824 
Idaho! (1982) and Utah _________ EE EE 84,966 
TN AR A E 358,294 
Indiana and Iowa ~~ ~~ 252,095 
ansas ea hee ee Se A a ES 130,412 
Kentucky 002 ee ee cim 163,105 
¡PANA tte a ee es ee a 66,064 
Maine, Massachusetts, New Hampshire |... 131,789 
Maryland and West Virginia PANTS EE th ay ea e 205,829 
Michigan and Minnesota _______________________ 83,011 
SII m ————— 201,244 
Missouri - --------------------—-—-—————— 60,544 
Nebraska and North Dakota ------------------—- 134,453 
New YORK: 2 ra et il rt are Sine ec tee ee A E 95,462 
North Carolina oa ais o Sed ie peat en ens 1,298,270 
Ohlo EEN 63,360 
Oklahoma cs oe Se ee ee 298,495 
Oregon uu es c A ee ee 48,385 
Pennsylvania ou mL Lue a EE eh 663,871 
South Carolina... 559,536 
Tennessee -——--------------—-—--—-—-—-—-——-———— 169,082 
0 AA A A 1,408,155 
A AMA A e 35,260 
Washington - -------------------—---—---———— 99,799 
Ke 14,314 
A AA A E 10,000,602 


Value 


$2,478,325 


125,104 
35,181,791 


Short tons 


888,072 
125,413 
364,840 
233,035 
441,007 


30,738 


13,602,234 


1983 


Value 


$3,627,864 
331,746 


295, 392 
48,897,766 
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Table 23.—Common clay and shale used in lightweight aggregate production in the 
United States, by State 


State Concrete 
block 
1982 
Alabama and Arkansas -__________ 456,296 
California ----------o 127,936 
Florida, Indiana, Loes -—--------- 179,513 
Kansas, Kentucky, Louisiana _____.-_ 419,417 
Massachusetts, Minnesota, Missouri _ _ _ 208,434 
Montana and New York ` ,399 
North Carolina and North Dakota __-_ -_ 116,308 
Ohio, Oklahoma, Pennsylvania -___-_-_ 205,939 
South Dakota, Utah, Virginia -_-__._-- 110,415 
TOK EE 244, 771 
Total EE 2,155,928 
1983 

Alabama and Arkansas __________~_ 495,128 . 
California sno cion ee 186,401 
Florida, Indiana, Iowa. ~___-_~- 182,159 
Kansas, Kentucky, Louisiana - — - —— 513,357 
Massachusetts, ississippi, Missouri... - 277,587 
Montana and New York._________-_ 64,214 
North Carolina and North Dakota ---- 106,288 
Ohio, Oklahoma, Pennsylvania -_._._.-. 193,025 
Utah and Virginia --------.-.-.-.-.--. 137,118 
SAA tuu a 375, 509 
Total ut crc cereos Lee 2,480,786 


Structural 
concrete 


116,001 


449,201 
1,255,308 


184,143 


524,582 
1,822,067 


Short tons 


Highway 


surfacing 


990 


52,076 
18,345 
487 

50 
166,740 
238,688 


48,542 
26,231 


50 
213,458 
288,276 


Other 


14,100 
260,071 
384,403 


0 
235,724 
304,616 


Total 


586,770 


1,120,783 
4,034,327 


643,252 


1,349,268 
4,395,745 


Total 
value 


$2,511,906 
3,214,765 


4,075,042 
24,681,043 


8,442,788 
2,761,916 
957,498 
18,201,640 


1,966,037 
4,755,477 


80,419,682 


Pelletizing Iron Ore.—Bentonite contin- 
ued to be used as a binder in forming hard 
iron ore pellets. Demand decreased 24% to 
301,357 tons, reflecting a downturn in taco- 
nite pellet production because of decreasing 
steel demand, excerbated by inroads made 
_by cheaper foreign bentonites into a tradi- 
tional U.S. clay market. Of the total bento- 
nite produced, about 44%, all of the swell- 
ing variety, was consumed for this purpose. 


U.S. deposits continued to be the major 


world source for swelling bentonites. 


Ceramics.—Total demand for clays in the 
manufacture of pottery, sanitary ware, 
china and dinnerware, and related products 
(excluding clay flower pots) accounted for 
396 of the total clay output. This demand, 
principally for ball and kaolin clays, in- 
creased 4%, to 1.25 million tons. 
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Table 24.—Shipments of refractories in the United States, by product 


1982 1983 
Unit of Se X Waha. 
Product quantity Quan- — (hr Quan hos, 
tity sands) tity sands) 
CLAY REFRACTORIES 
Superduty fire clay brick and shapes -______._-_ 1,000 9-inch 31,399 $37,061 29,716 $36,023 
equivalent. 
Other fire clay including semisilica brick and ee Te WE 70,311 51,610 60,522 40,830 
shapes, glasshouse pots, tank blocks, feeder parts, 
upper structure parts used only for glass tanks. 
High-alumina (50% to 60% A1203) brick and shapes EE, BEE 58,711 116,492 70,402 130,773 
made of calcined diaspore or bauxite.! 
Insulating firebrick and shapes ___________~_ ado. pits 31,852 30,031 25,328 25,419 
Ladle Brick ae. oo a lts al a ee elec de ett NAO) do 18,413 25,110 11,134 24,615 
Sleeves, nozzles, runner brick, tuyeres -------- ENT. (o PPM 23,313 22,351 20,168 26,998 
Hot-top refractories ___________________ Short tons __ _ 1,198 W W W 
Kiln furniture, radiant heater elements, potter's NEN. NR 20,862 20,327 26,524 24,495 
supplies, other miscellaneous-shaped refractory 
items. 
Refractory bonding mortars _____________ _ sicco Ls tes 64,799 25,791 56,286 24,103 
Plastic refractories and ramming mixes, containing Tem EE 190,984 10,099 182,584 99,409 
up to 87.5% AlgOs.? 
Castable refractories__________________ _ 2. do ` 210,495 77,543 204,154 77,937 
Gunning mixes ______________________ 2 SAO" cer. 91,014 27,447 771,825 . 31,868 
Other clay refractory materials sold in lump or TS + (> 25 318,365 55,787 474,563 52,829 
ground form. 4 | ' 
Total clay refractories -—- -------------- —— =----—--—-— XX 559,655 XX 595,299 © 
NONCLAY REFRACTORIES 
Silica brick and shapes_________________ _ 1,000 9-inch W W 6,718 14,513 
equivalent. 
Magnesite and magnesite-chrome brick and shapes nox eH une 17,824 67,949 21,864 88,526 
Chrome and chrome-magnesite brick and shapes _ _ EON. e UPS 28,620 108,214 29,286 109,455 
Shaped refractories containing natural graphite _ _ Short tons _ _ _ 19,067 31,903 16,386 31,973 
Zircon and zirconia brick and shapes; other carbon 1,000 9-inch 3,021 30,534 1,289 22,922 
refractories: Forsterite, pyrophyllite, dolomite, equivalent. 
dolomite magnesite molten-cast,* other brick and 
shapes. 
Other mullite, kyanite, sillimanite, or andalusite E, SE 1,884 9,267 2,366 11,628 
brick and shapes. 
Other extra-high (over 60%) alumina brick and ee st 13,000 35,541 4,036 36,230 
fused bauxite, fused alumina, dense-sintered 
alumina shapes.$ 
Silicon carbide brick, shapes, kiln furniture ......... FEMME. BEES 3,296 42,916 3,241 9,939 
Refractory bonding mortar _________.___._.__ Short tons .... 19,769 10,324 12,731 9,194 
Hydraulic-setting nonclay refractory castables _ _ _ ET EH 16,840 16,524 18,402 19,503 
Plastic refractories and ramming mixes _______ uuo cd ei hec 108,978 67,562 123,824 71,217 
Gunning mixes ______________________ O > EA 254,821 84,691 235,916 73,997 
Dead-burned magnesia or magnesite? " | | au do uoi 61,446 68,294 . 300,907 71,523 
Dead-burned dolomite __________________ PEE. tee 156,518 9,528 120,661 7,675 
Other nonclay refractory material sold in lump or cud scc 318,258 39,995 237,948 44,104 
ground form.? 
Total nonclay refractories- - 2 ooo XX 623,242 XX 622,399 
Grand total refractories -______________ 2-2... XX 1,182,897 XX 1,217,698 


W Withheld to avoid disclosing company proprietary data. XX Not applicable. 

1Heated short of fusion; volatile materials are thus driven off in the presence of chemical changes, giving more stable 
material for refractory use. 

"More or less plastic brick and materials which, after the addition of any water needed, are rammed into place. 

3Materials for domestic use as finished refractories and all exported material. 

‘Includes calcined clay, ground brick, and siliceous and other gunning mixes. 

Molten cast refractories are made by fusing refractory oxides and pouring the molten material into molds to form 
finished shapes. 

®Completely melted and cooled, then crushed and graded for use in a refractory. 

“Includes shipments to refractory producers for reprocessing in the manufacture of other refractories. 


Source: Bureau of Census Report Form MQ 32C (82), Current Industrial Reports—Refractory. 
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Table 26.—U.S. imports for consumption of clays in 1983, by kind 


Quantity Value 
Kind (short (thou- 
tons) sands) 
China clay or kaolin, whether or not beneficiated: 

Co AMONT" 14 $11 
CHINA calma tcc cuu Lr cr LE gn ON ee eC 24 
lcu. ce "— Ee 38 21 
Germany, Federal Republic of ..... ooo 25 5 

Ehe eet 4 1 
MeXIGO == a a DOG ne us ai i a Ie el UA EE 74 3 
New ZeBland.- AA O Su ey a eas 41 10 

EE De H 1 
United Kingdom == 2:02:20 it ee ce E EE 7,146 699 
Other" icu es ea LA ELA ete ee e E Nt D ea 21 1 

Toul a EE 7,448 27 54 
Bentonite: 

Canada ec in m etc e o dd ME det da Ds 158 57 

Germany, Federal Republic of - —- - - - - ------------------—-—--————-— 6 2 

EE ar c Lt A Mer 123 4 
O CO EE 467 13 
Other s nh. e ou ap et as ag UL Siena et A ete 10 2 

TOAL Gae aa a S 764 78 
Common blue and other ball clay, not beneficiated: 
Canada... —- c. o e unc e mL eh one Ma ERU 25 4 
Korea, RepubliCof.-.— — uo uL e auc ce ae ca a De enc d SECH 2 
United Kinedo dina a ue nue ei a a 2,724 150 
dk H EEN 2,749 156 
Common blue and other ball clay, wholly or partly beneficiated: 
United Kingdom AA AA eg a ge ES Nr e Ec 1,136 117 
Other EEN 77 7 
dk RE 1,213 124 
Other clay, not beneficiated: 

anada- ars a at Pane DU I eR A a desc 25 5 

A A A N E e a e E 45 11 
KE 70 16 

Ge re wholly or partly beneficiated: 
ett a rc i a cas a ad C tec 10 7 
RE TEE 379 97 
Germany, Federal Republic of - -—-—-—--------------------—--—--———— 38 9 

apah- e uL i uel liccc Ded cs tL MEE LE 1 1 
oS AAA ee ae ali 26 2 
Netherlands a A N E ao 9 4 
United EE 1,223 249 
AA A A A A -2 2 

o A AAA ee 1,688 371 
Artificially activated clay: 

E AA AMAS 3,305 833 
Germany, Federal Republic of - - - -—-----------------—----—-———-——— 374 223 
HAY e net ctu a D t LL t al LT 2 1 
TAPA EE 74 
US Le PRA A A A E AA NA 3,034 742 
United KIRpdoll c eeh eet 116 

TOUR] EE 6,932 1,989 
Grand totals se oe ee ee o ee ee e eL eee 20,864 3,488 


! Includes countries with imports of quantities less than 1 short ton and/or values of less than $1,000. 
2Data do not add to total shown because of independent rounding. 


Source: U.S. Department of Commerce. 
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WORLD REVIEW 


Estimated world production of all grades 
of kaolin and fuller’s earth increased 5% 
and 11%, respectively, while production of 
bentonite decreased 24%. Kaolin produc- 
tion during the year was 22 million tons, 
and U.S. output was 32% of the world total. 
World fuller’s earth production was 2.5 
million tons, with the United States ac- 
counting for 78% of the total. Bentonite 
production was 5.2 million tons, and U.S. 
output accounted for 56% of the total. 

Australia.—An extensive kaolin deposit 
at Weipa, only 10 to 15 feet below the 
bottom of its bauxite mine floor, was discov- 
ered by Comalco Pty. Ltd.* Construction of a 
100,000-ton-per-year plant to produce paper- 
coating-quality clays was scheduled to begin 
by mid-1984. 

Austria.—Aspanger Kaolinwerke, a ma- 
jor Austrian kaolin producer, installed a 


new and reportedly more efficient quartz- - 


and/or grit-removal step in its processing 
plant.‘ The new circuit was reported to have 
upgraded the quality and value of the ka- 
olin. 

Benin.—The Government planned to de- 
velop a kaolin deposit recently discovered in 
Zou Province.’ 

Bolivia.—Reserves of bentonite deposits 
on the Altiplano, near Rio Mulatos, current- 
ly worked by NL Baroid/NL Industries Inc. 
and Mosamar (Bolivar) were reported to be 
about 350,000 tons.* The joint venture was 
producing less than 10,000 tons per year of 
drilling-mud-grade bentonite at its barite- 
bentonite beneficiation plant in Oruro. 

Bulgaria.—Geological studies were being 
carried out on kaolin deposits near the 
village of Gruncharvo in the Silistra 
district.’ 

Cameroon.—The Government planned to 
develop clay and kaolin deposits located 
near Kribi on the Gulf of Guinea.* Total 
production was to be an estimated 100,000 
tons per year. 

. China.—The major bentonite producing 
area was reported to be in Heishan County, 
Liaoning, where an open pit processing 
complex was capable of producing in excess 


of 100,000 tons per year of finished product. 


Total resources in the area were declared to 
be over 0.5 million tons. Plans were being 
made for the complex to produce over 
50,000 tons per year of activated sodium 
bentonite using imported technology and 
equipment. A 10-square-mile bentonite de- 


posit, found in Guangxi, was estimated to 
contain over 100 million tons of recoverable 
ore.? 

Cyprus.—The Government was seeking a 
joint venture partner to help develop the 
island’s extensive bentonite deposits.'^ At- 
tention was focused on an estimated 20- 
million-ton calcium bentonite deposit locat- 
ed 10 miles from the southeast port city of 
Limassol. Plans were to use a Cypriot- 
developed activation process for producing 
drilling mud- and civil engineering-grade 
bentonite targeted for the Persian Gulf 
region and local construction projects, re- 
spectively. 

India.—A newly formed subsidiary of 
Ashapura Minechem Industries, Ashapura 
Mineral Co. began production from its 
15,000-ton-per-year attapulgite operation at 
Bhavnagar in Gujurat." All of the product 
was being exported for saltwater drilling 
applications in the United Arab Emirates, 
Saudi Arabia, and elsewhere for use in 
fertilizers. The subsidiary was also contem- 
plating producing a pet waste absorbent- 
grade attapulgite for export. 

F. L. Smidth and Co. A/S announced 
receiving an order to build a 200-ton-per- 
day lightweight expanded clay aggregate 
(LECA) plant at an undisclosed site.'? The 
raw materials to be used in LECA produc- 
tion were bentonite and a lateritic clay and 
the firing was to be in a lignite-fueled 
rotary kiln. The manufactured low-density 
aggregate was to be used captively to make 
hollow building blocks. Low-density LECA. 
has been used as a building material in 
Europe for many years. 

Morocco.—The Bureau de Recherches et 
de Participations Miniéres reported a siz- 
able bentonite deposit located near the port 
city of Nador on the Mediterranean Sea. 

Netherlands.—Redland PLC, of the Unit- 
ed Kingdom, announced that its subsidiary, 
Redland-Brass-Bredero Europa BV, had 
agreed to purchase the Dutch brick compa- 
ny of Ibstock Johnson PLC for over $2 
million.‘ The business consisted of six face 
brick manufacturing plants with a total 
annual capacity of 160 million bricks. 

Nigeria.—Kaolin deposits at South Rapp 
and Werram in Plateau State and at Agha- 
ransu and Ukpor in Imo and Anambra 
States, respectively, were being readied to 
be mined for use by the local insecticide, 
pottery, and ceramic industries.!'5 
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Oman.—A specially commissioned geo- 
logical investigation for pinpointing eco- 
nomic industrial mineral deposits located a 
number of quality ceramic clay or kaolin 
deposits.!* 

Spain.—Production from Caolines de 
Vimianzo's new 100,000-ton-per-year plant 
in northwest Spain was nearing capacity, 
and the firm announced plans to begin pilot 
plant production of coating-quality kaolin 
clay.!” | 

Sweden.—In another kaolin action, Eng- 
lish China Clay PLC (ECC) acquired the 
assets of SPH Chemicals AB, a major Scan- 
dinavian paper-grade clay distributor, and 
Cedpro Chemical Development and Produc- 
tion AB (CDM), its Swedish sales agent, and 
formed a new company, ECC International, 
Sweden, to handle its regional marketing. 

Togo.—A Government partnership with 
three unnamed Swiss firms were planning 
on establishing a company to recover atta- 
pulgite and bentonite clays.'? The compa- 
ny’s first task was to find export markets 
for the 20-million-ton attapulgite deposit 
situated at Aveta, about 20 miles from the 
capital, Lomé, on the Gulf of Guinea. 

U.S.S.R.—The Yermakovskiy brickworks 
under construction in Pavlodar Oblast’ was 
designed to produce 60 million bricks per 
year using a mixture of clay and thermal- 
power-station ash.?° 

United Kingdom.—Renovation of Laporte 
Industries Ltd.’s fuller’s earth plant near 
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Redhill was nearing completion and would 
increase production capacity by about 
200,000 tons per year.?! In another fuller’s 
earth event, Steetly Minerals Ltd. start- 
ed work on its new deposit at Woburn, 
Bedfordshire. English China Clays Ltd. 
(ECC) opened its Vale storage and distribu- 
tion center designed to serve the pottery 
industry.? The new center was capable of 
handling rail and truck shipments of ball 
clay and china clay. 

The Monopolies and Mergers Commission 
(MMC), after a 6-month investigation into 
the takeover bid by London Brick PLC for 
Ibstock Johnson, announced that the merg- 
er would not be against the public interest.2 
The decision by the MMC was influenced by 
the fact that the two companies were 
involved in two different markets. London 
Brick manufactured a mass produced brick 
for interiors and modest homes while 
Ibstock Johnson produced a higher priced 
brick usually specified by architects for 
prestigious residential and commercial 
buildings. 

Vietnam.—The Vientiane brick factory, 
capable of producing 7 million bricks per 
year, was commissioned at midyear.” 

Yugoslavia.—A bentonite deposit was 
found near Sipovo in Bosnia-Hercegovina, 
and plans were being advanced for process- 
ing up to 70,000 tons per year at a nearby 
clay mine.” Demand for bentonite clay had 
been met largely by imports. 
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Table 27.—Kaolin: World production, by country! 


(Thousand short tons) 


1981 


1979 


Algeria 2.2. o NEEN ees ee 
Argentina ____________~- KEE 
Australia 


Costa Rica __ ________________-.- 


France®____________________-_-_ 
German Democratic Republic (marketable)* 
poate: Federal Republic of (marketable) 

reece |2 o 


Kenya `- ------------------- 


Peru, BEEN 
Poland: o ehe lu ts 2 ee i ERS 


Romania ` ~~~ -_-- 
South Africa, Republicof ----------- 
Spain (marketable? _____________~- 
Sri Lanka __ _-________________-_ 
Suriname®__. ________________~_ 
Taiwan o vo a e Be ee 


Tanzania? -` 2 
Thailand 20d ria a 


Venezuela 
Vietnam... 2 2 -L 
Yugoslavia 
Zimbabwe 


“Estimated. Preliminary. "Revised. 


——— ` = wee ee o 


—————— - e — 


ls: ai^ e pe eee sae a 


er es eee 


'Table includes data available through July 3, 1984. 
?In addition to the countries listed, China and Lebanon also produced kaolin, but information is inadequate to make 
reliable estimates of output levels. Guatemala and Morocco each produced less than 500 tons in each of the years covered 


by this table. 
Reported figure. 


‘Data for year ending June 30 of that stated. 


3Includes kaolinitic clay. 
SLess than 1/2 unit. 


22 

55 
2,800 
4,370 
7,879 
“24 

| 

217 

5 


722,892 


"Includes crude and washed kaolin and refractory clays not further described. 


"Data represent exports. 
?Kaolin sold or used by producers. 


T e21 
74 
188 
87 

11 


22,615 


21,098 
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Table 28.—Bentonite: World production, by country? 


(Short tons) 
Country? 1979 1980 
Algeria? Leet te de 38,462 38,162 
A ene iuc ee eet 173,484 144,826 
Australia? . | . | 2 22- 7 304 12,112 
VA EE 234,244 273,322 
Búrma EA AAA A 1,594 ,485 
Cyrus: oaen Lune e eee ea eL e 5,842 25,353 
Egypt i A s UA A E 3,900 5,700 
Kreesser 17,711 T €8,820 
Grece el IS 545,837 553,225 
Guatemala® ___________________________- 3,000 2,900 
Hungary SE 79,904 85,633 
Fan Ss es hoe a ee E es ee ee ci 22,000 22,000 
Israel (metabentonite) ____________________-_~- 6,930 20,195 
ao DC e tc a ao e dede dt de a OE 310,851 356,046 
Japan o o ee See e pi €440,000 604,427 
MEXICO EE 187,225 194,037 
Moroco EE 71,119 3,620 
Mozambique? ___________________________ 11,825 1,650 
New Zealand(procesed). - - ________________-_~- 5,461 3,307 
Pakistan earn lasci ee or de 1,588 1,658 
Perüccceeducoleded uU i Lie iii C 19,677 20,062 
Philippines E 3,443 9,910 
A A EES 55,000 55,000 
Ròmahia AAA CA RO RE 1197,865 194,558 
South Africa, Republic of -------------------— 51,141 54,912 
ODAN EE 133,025 107, 701 
Tanzania — --------——----—--—-----———————— 88 44 
Turkey*. So cis unos ta Miete ats Se lia 15,400 22,000 
United States. unes atenta Ln 4,422,075 4,184,619 
A À———————— 16,985,995 7,002,945 
*Estimated. Preliminary. ‘Revised. 


¿Table includes data available through July 3, 1984. 


1981 


4,947,000 
7,460,008 


1982P 


r €38,600 
135,864 


34,200 
3,244,800 


5,628,161 
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34,200 


12,886,870 


5,232,141 


2In addition to the countries listed, Canada, China, the Federal Republic of Germany, the U.S.S.R., and Yugoslavia are 
believed to produce bentonite, but output is not reported and available information is inadequate to make reliable 


estimates of output levels. 
3Includes bentonitic clays. 
“Reported figure. 
5Includes bleaching earths. 


$Data may not add to totals shown because of independent rounding. 


Table 29.—Fuller's earth: World production, by country! 


(Short tons) 
Country? 1979 
Algeria: i-e eo ee ec eee c E i etc (3) 
Argentihü- --— ----------------------—- 6,002 
EIERE Ss cay ee ee ere 55 
Italy o A NI e e ct E *1,190 
MEXICO Ee 53,815 
eden sagen. IN A CR 14,976 
TA EE A a EMEN 44,457 
Senegal (attapulgite) - - -- -------------- 14,330 
South Africa, Republic of- `. 1,013 
pan (attapulgite)_ . - - -- -----------—— 68,809 
ited Kingdom -----oo ooo oo 242,508 
United States. ____________________-_- 1,568,247 
Ko EE 12,015,402 
“Estimated. Preliminary. "Revised. 


1Excludes centrall 


1980 


1,533,802 


71,942,253 


information is available. Table includes data available through July 3, 1984. 
2In addition to the market economy countries listed, France, Iran, Japan, and Turkey have reportedly produced fuller's 
and available information is inadequate to make 


earth in the past and may continue to do so, but output is not repo 


reliable estimates of output levels. 
3Revised to zero. 
*Reported figure. 


1981 


1,655,854 
2,117,820 


1982P 


1,682,655 
2,215,516 


1983* 


11,911,634 


2,452,086 


planned economy countries, some of which presumably produce fuller's earth, but for which no 
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TECHNOLOGY 


The Bureau of Mines published the re- 
sults of research on the acid extraction of 
alumina from calcined Georgia kaolin at its 
miniplant facilities in Boulder City, NV, 
and its research laboratory in Albany, OR. 
Studies of the continuous leaching of kaolin 
with boiling 25% hydrochloric acid (HCl) 
indicated that 93% to 99% of the acid 
soluble alumina could be extracted from the 
kaolin. Obtained were compositional and 
physical properties information for calcined 
kaolin, process liquors, and acid-leached 
residue solids. It was shown that, although 
alumina could be easily leached from the 
calcined clay with boiling mineral acids, the 
presence of fines and slimes in the leached 
residue hindered leaching efficiency. A 
"misted" feed preparation method was de- 
veloped that overcame the fines problem by 
yielding a dense, smooth-surfaced, fine- 
grained clay that could be readily leached.?" 
The important factors affecting misted feed 
quality were determined to be (1) crushing 
the raw clay to the size desired for the 
. leaching process, (2) moistening the crushed 
clay with a fine mist of water while tum- 
bling on a rotating disk (misting), (3) drying 


the misted clay, and (4) calcining the dried 


clay at 750° C in a fluidized bed. 

Another study determined the leaching 
rates for calcined kaolin prepared by the 
misted technique. Leaching was so rapid 
that diffusional resistances became rate 
controlling and a zero-order kinetic rela- 
tionship was applicable. The work further 
showed that clays calcined in a fluidized bed 
reacted 50% faster than clays calcined in 
other ways.? Other reports by the Bureau 
of Mines pertaining to alumina recovery 
from clays by both acid and nonacid pro- 
cesses were also released during the year.?? 

The U.S. Geological Survey reported the 
clay mineralogy of Devonian black shales in 
the Appalachian Basin.* The study, under- 
taken to predict areas of potential gas 
resources in the basin, was based on X-ray 
diffraction analyses of more than 2,100 clay 
and nonclay samples from 84 drill holes 
representing 11 shale units. The compre- 
hensive geologic study, which included 
stratigraphic relationships, maps, and drill 
hole information, stressed the kaolinite 
areas in the western part of the Appalach- 
ian Basin. 

A paper detailed the use of clays used for 
gelling saltwater drilling fluids. The work 
included information on the mineralogy, 


properties, and mining and processing of 
the clay minerals, attapulgite and sepiolite. 
The paper included a technical rationale of 
how these clays were employed as gelling 
agents, their rheological characteristics, the 
effects of other additives, and the properties 
of the resulting drilling fluids.*! 

A report highlighting the use of bentonite 
in freshwater-based drilling fluids indicated 
that the amount of bentonite used per foot 
of hole drilled more than doubled in the 
period 1960 to 1980. The drilling industry 
found that faster and more economical 
drilling could be accomplished not only by 
lowering the solids in the drilling muds, by 
desanders and desilters and other mechani- 
cal devices, but also by frequently renovat- 
ing the mud by adding fresh bentonite. The 
fresh bentonite additions controlled the 
means of solids reduction in the mud sys- 
tems and lowered drilling costs.*? 

A paper on the thermal efficiency of clay 
adobe brick cited the effect of wall mass and 
thermal conductivity on heating and cool- 
ing loads of residential buildings and 
concluded that adobe brick had a unique 
ability to store and release heat and thereby 
automatically moderating temperature 
changes within buildings. The paper also 
featured techniques used in the Southwest- 
ern United States to manufacture the six 
typical fired and unfired types of adobe 
brick.” | 

A report resolved a longstanding problem 
associated with beneficiated kaolin clays.** 
Previously, it had been unclear whether the 
carbonaceous matter present in processed 
clays, known to adversely affect the white- 
ness of the final beneficiated product, was 
caused by the flotation oil residues or natu- 
ral contaminants. This new instrumental 
technique should permit processers to modi- 
fy their production flowsheets to minimize 
the carbonaceous content of their finished 
kaolin products. | 

A comprehensive two-part work on re- 
fractory clays was published. One part 
contained a raw material assessment that 
addressed the geology, stratigraphy, and 
classification of the domestic refractory clay 
regions. Maps depicting the major fire clay, 
ball clay, and kaolin areas in the Southeast 
and Midwest were included. Foreign refrac- 
tory clays were afforded a less sophisticated 
treatment. The second part was devoted to 
the product demand for each class of fire 
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clay bricks. The novel approach discussed 
the future for each of the classes—low-, 
medium-, high-, and super-duty—including 
fire clay specialties. 

Detailed works on the industrial minerals 
of India zg Romania,” and Sri Lanka,” with 
special clay sections, were published. The 
Indian article reviewed the geology, mining, 
production flowsheets, and companies cur- 
rently recovering ball clay, bentonite, fire 
clay, fuller’s earth, and kaolin in the sub- 
continent. The country’s small but growing 
acid-activated and heat-treated bentonite 
industry, based on calcium bentonites from 
Bhavnagar and Hyderabad, was singled out 
for special mention. A similar treatment, 
but more heavily oriented towards a geolog- 
ical and mineralogical approach, was 
afforded kaolin, refractory clays, and bento- 
nites in Romania. A highlight of the Ro- 
manian paper was maps depicting the local- 
ity of its clay deposits. The Sri Lanka paper 
emphasized the integrated cottage industry 
. nature of the clay industry by region. The 
island’s commercial clay deposits. were ball 
clays, bentonite, and kaolin. 

The effect of the reducing atmosphere 
during the firing of clay bodies on the clay’s 
minerals and iron oxides, and the role of 
calcium content, were studied by X-ray 
diffraction, scanning electron microscopy, 
Mossbauer, and magnetization techniques. 
The study showed that gehlenite, calcium 
aluminosilicate, formed at temperatures 
about 900° C in calcareous clays, while 
wollastonite, calcium metasilicate, formed 
at temperatures nearing 1,100° C. In noncal- 
careous clays, extensive vitrification was 
noted that was attributed to the dissociation 
of the iron oxide into the vitreous matrix or 
partly incorporated into the spinel mineral, 
hercynite. This work was considered to be 
helpful to brick and pottery manufacturers 
in controlling coloring systems in their 
finished products. 

An investigation of the interior fissures 
and microstructure of fired bricks was made 
by optical and scanning electron micro- 
scopy. The results showed that different 
types of interior brick delaminations were 
directly related to extrusion and firing and 
cooling process parameters. It was deter- 
mined that long-term failures of shale 
bricks and mortars, an industrywide prob- 
lem, were caused by interaction of the walls 
of the interstitial pore system with absorbed 
water that migrates through the intercon- 
necting pore system. 
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The transformation of refractory-grade 
kaolins into mullite was studied extensively 
by lattice energy techniques. Kaolinite 
was shown to decompose into a spinel phase 
with expulsion of excess silica into a high- 
temperature crystalline form upon cooling. 
These mullites, commonly known as cal- 
cines, are used widely in refractory bricks 
and specialty products. The results of this 
basic research should allow a refractories 
manufacturer to better control the physical 
properties of the mullite component to 
optimize the density of these high-per- 
formance refractories. ! 

The superior performance of fire clay 
bricks (42% to 45% Al20,) over high- 
alumina bricks (60% to 85% A1,0;) in torpe- 
do ladles was investigated. Experiments 
revealed that cracks in the fire clay refrac- 
tory bricks were light, thin, and perpendicu- 
lar to the hot face, while, in the high- 
alumina bricks, they were heavy, wide, and 
parallel to the hot face. The crack patterns 
demonstrated that the wear of the better 
performing fire clay brick was caused pri- 
marily by slag attack and that of the high- 
alumina was by two mechanisms—slagging 
and spalling. Torpedo ladles, conventionally 
used to transport hot metal from blast 
furnaces to steelmaking converters, are also 
used to contain hot metal as it undergoes 
refining to decrease its sulfur content. 
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statistical convenience. 
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Cobalt 


By William S. Kirk: 


Domestic consumption of cobalt increased 
in 1983 for the first time in 4 years. Re- 
ported consumption rose to 11.3 million 
pounds, while calculated apparent con- 
sumption rose to 15.7 million pounds. The 
producer price remained at $12.50 per 
pound throughout 1983. Spot prices ranged 


from $4.75 to $6.40 per pound. Zaire regain- 
ed its share of the U.S. cobalt market, 
accounting for 45% of imports. There was 
no domestic mine production of cobalt in 
1983. There was, however, one domestic 
refiner that produced cobalt from imported 
nickel-copper-cobalt matte. 


Table 1.—Salient cobalt statistics 
(Thousand pounds of contained cobalt unless otherwise specified) 


1979 
United States: 
Consumption __________________ 17,402 
Imports for consumption ________ ~~ 19,998 
Stocks, Dec. 31: Consumer . 3, 390 
Price: Metal, per pound - --—--------- $20.00 -$25. 00 
World: Production? |... 2 0 65,856 
“Estimated. Preliminary. "Revised. 
! Based on weighted average of Metals Week prices. 
2Based on estimated recovered cobalt. 
Legislation and Government Pro- 


grams.—The President proclaimed an Ex- 
clusive Economic Zone in which the United 
States would exercise sovereign rights over 
all mineral resources within 200 nautical 
miles of its coast. The proclamation affected 
the waters adjacent to the United States, 
Puerto Rico, and all U.S. overseas territo- 
ries, including the Pacific Islands Trust 
Territories. Deposits of cobalt-bearing man- 
ganese crusts have been discovered in some 
of these areas. 

The Federal Emergency Management 
Agency (FEMA) recommended at a Senate 
hearing that the cobalt inventory in the 
National Defense Stockpile be raised to 80 
million pounds. The stockpile inventory at 
yearend was 45.9 million pounds, and the 
stockpile goal remained at 85.4 million 
pounds. In September, the General Services 
Administration (GSA) awarded contracts to 
the metals marketing arms of Zaire and 


1980 1981 1982 1983 
15,321 11,680 9,468 11,319 
16,302 15, ,594 12,870 17,221 

2, 040 1,411 1,327 1,441 
ES 00 $17. 26-$25. 00 r 1g, 1$5.76 
"68,356 66,180 P53,692 €53,192 


Zambia for the purchase of 6.5 million 
pounds of cobalt for the stockpile. Zaire was 
to supply 4 million pounds and Zambia the 
balance, all at $5.50 per pound. Provisions 
of the contract called for the cobalt to meet 
GSA grade B specifications (99.65% cobalt) 
and to be delivered between December 23, 
1983, and December 23, 1984. 

The American Society for Metals, under 
contract to FEMA, issued a report on the 
quality of the cobalt in the stockpile. The 
report found that the cobalt that was 
purchased after 1980 met the quality re- 
quirements of current technology for criti- 
cal defense and industrial applications. The 
pre-1980 cobalt, however, was found to be 
unsuitable for immediate use in applica- 
tions with the most stringent quality re- 
quirements, such as superalloys. The report 
recommended and outlined pilot tests using 
existing chemical and metallurgical tech- 
nology to determine the most efficient pro- 
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cedures for upgrading the pre-1980 cobalt. 
The U.S. Air Force, under title III of the 
Defense Production Act, issued a draft Re- 
quest for Proposals in an effort to establish 
domestic cobalt production. The initial proj- 
ect plans included the possibility of con- 
struction of one or more pilot plant oper- 


ations to mine and process domestic ore. : 


The plans also specified that any cobalt 
produced under this program would have to 
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be suitable for use in superalloys used in jet 
turbine engines. 

The Defense Production Act lapsed on 
September 30, 1983, and in mid-November 
was extended to March 31, 1984. The U.S. 
Trade and Development Program awarded 
a grant to a Peruvian mining company to 
study the feasibility of producing a cobalt 
concentrate from an existing mine. (See 
World Review section.) 


DOMESTIC PRODUCTION 


Anschutz Mining Corp. further curtailed 
maintenance operations at its Madison 
Mine near Fredericktown, MO. The facility 
was placed on a care and maintenance 
status in 1982 but continued to pump water 
from the mine. Pumping was discontinued 
in August 1988, and the work force at the 
mine was reduced from four to one. 

AMAX Inc. closed its Port Nickel nickel- 
cobalt refinery at Braithwaite, LA, for 2 
months. In an unrelated move, AMAX be- 


gan having its cobalt refined by Sherritt 
Gordon Mines Ltd. of Canada in April. At 
Port Nickel, AMAX produced cobalt hy- 
droxide, an intermediate cobalt product, 
that. was shipped to the Sherritt Gordon 
refinery at Fort Saskatchewan, Alberta, for- 
refining into powder or electrodes. Cali- 


. fornia Nickel Corp., Palos Verdes, CA, 


announced plans to build a pilot plant to 
produce cobalt and nickel from deposits 
located in northern California. 


Table 2.—Cobalt products! produced and shipped by refiners and processore 


in the United States 
(Thousand pounds) 
1982 1983 
Production Shipments Production Shipments 
Gross Cobalt Gross Cobalt Gross Cobalt Gross Cobalt 
weight content weight content weight content weight content 
Metal — tios 1,016 1,016 NA NA 206 206 NA NA 
Hydrate (hydroxide). _ _ — NA 336 NA 341 NA 1,000 NA 1,100 
Salts? (inorganic com- 
pounds) __________ NA 609 NA 600 NA 667 NA . 643 
Driers (organic com- 
pounds) _________~_ NA 902 NA 931 NA 1,359 NA 1,428 
Total___________ 1,016 2,863 NA 1,872 206 3,232 NA 3,171 
NA Not available. 
lFigures on oxide withheld to avoid disclosing company proprietary data. 
"Various salts combined to avoid disclosing company proprietary data. 
CONSUMPTION AND USES 


Reported cobalt consumption increased, 
ending 4 consecutive years of decline. The 
increased demand was largely the result of 
improved economic conditions. 

Apparent industrial demand, calculated 
from net imports, secondary production, 


and changes in industry and Government 
Stocks, increased to 15.7 million pounds, 
about 4095 more than that of 1982. Consum- 
er stocks of cobalt were held at a relatively ` 
high level throughout the year owing to low 
prices. 
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Table 3.—U.S. consumption of cobalt, by end use 
(Thousand pounds of contained cobalt) 


End use 1982 1983 
Steel: 
Stainless and heat-resisting ______-_____________~____ ~~ Le 51 54 
NENT EE yee 114 W 
High-strength, low-alloy . 2222-22 -2-2222222222222222222-2- W W 
jr) eI HC 161 248 
Superalloys- EE 3,319 4,034 
Alloys (excludes alloy steels and superalloys): 
Cutting and wear-resistant materials! 638 666 
Welding materials (structural and hard-facing __ - - - - - - ----------------——- 446 472 
feele eege 1,544 1,711 
Nonferrous alloys occ) thn es m et er is er a LE 145 169 
Eegenen EE 56 12 
Mill products made from metal powder _____________._____-------------- W W 
Chemical and ceramic uses: 
TA A s ORM Sea REM EL D A EAR EE 382 366 
GIU CIEN "uL EMI 189 1,064 
Ground Coat Fit- it nei. lee Ss ey E E G 477 651 
Glass Deco EE 32 41 
Drier in paints or related usage____________________---~-~---~-_--+--- 1,114 1,503 
Feed or nutritive additive _________________________ ieee 52 51 
Miscellaneous and unspecified _______________________~~_-~_--~~_--~----- 148 217 
d Ve EE 9,468 11,319 
W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and unspecified.” 
1Cemented and sintered carbides and cast carbide dies or parts. 
Table 4.—U.S. consumption of cobalt, by form 
(Thousand pounds of contained cobalt) 
Form 1979 1980 1981 1982 1983 
TE HE 12,006 10,825 7,450 6,055 7,165 
ORIG EEN 704 441 557 732 938 
Purchased scrap _________________~_ 1,170 1,183 972 871 123 
Chemical compounds (organic and inorganic) 
other than oxide- - --------------—- 3,254 2,475 2,421 1,643 2,297 
Other. ncs cet ot alte 268 397 280 167 196 
d RE 17,402 15,321 11,680 9,468 11,319 
PRICES 


The listed producer price of cobalt cath- 
odes remained at $12.50 per pound through- 
out 1983 but was irrelevant because spot 
prices, which were much lower, prevailed in 


the market. The spot price began the year 
at a low of $4.75 per pound, rose to a high of 
$6.40 per pound in April and ended the year 
at $6.00 per pound of cobalt cathodes. 


Table 5.—Yearend published prices of 
cobalt materials for 1983! 


Material edo 
Cobalt: 
Powder ____________________ $6.91 
Fine powder _________________ 10.11 
Cobalt oxide: 
Ceramic-grade (70% cobalt). ----- 4.90 
Ceramic-grade (72% cobalt) _______- 5.04 
Metallurgical-grade (76% cobalt) _ _ _ — _ 5.21 


1Metals Week. V. 54, No. 52, Dec. 27, 1988, p. 5. 
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FOREIGN TRADE 


Exports of unwrought cobalt metal and 
waste and scrap totaled 1,089,000 pounds, 
gross weight, with an estimated 824,000 
pounds cobalt content valued at $5.7 mil- 
lion. These exports were shipped to 42 
countries with the following, in descending 
order, receiving the largest quantities: 
Belgium-Luxembourg, the Netherlands, Ja- 
pan, Taiwan, the United Kingdom, and 
Canada. Exports of wrought metal totaled 
615,000 pounds, gross weight, valued at $5.6 
million. Of the 33 countries to which 
wrought cobalt was shipped, the major re- 
cipients, in descending order, were China, 


Ireland, France, Canada, and the United 
Kingdom. 

Total imports were 17.2 million pounds 
(contained weight). The major sources of 
cobalt imports, in descending order, were: 
Belgium-Luxembourg, Canada, Finland, 
Norway, Zaire, and Zambia. Material origi- 
nating in south-central Africa, that is, im- 
ports from Belgium-Luxembourg (Zairian 
origin), Botswana, the Republic of South 
Africa, Zaire, and Zambia, represented 68% 
of total cobalt imports during the year, 
compared with 55% from that area in 1982. 


Table 6.—U.S. imports for consumption of cobalt, by class 
(Thousand pounds and thousand dollars) 


Class 1981 1982 1983 
Metal:! 
Gross weight_____________________________ LL 13,906 11,610 15,853 
Cobalt content? _________________________ Lee 18,906 11,610 15,853 
KREE E e $238,820 $137,652 $110,076 
Oxide: 
Gross weight Lt 444 362 403 
Cobalt content eebe 329 268 298 
HE $5,375 $2,560 $1,813 
Salts and compounds: 
Gross weight_ a - ---------------------—-—--—---———-—- 1,249 1,340 1,671 
Cobalt content? _____________________________ Lee 375 404 502 
ON pan E E EE A O $4,969 $2,650 $2,244 
Other forms:? cta a a e a cs ida a, 984 588 568 
EA Ee $11,650 $4,552 $1,969 
Total content: 2322 a rd is 15,594 12,870 17,221 
“Estimated. 
Includes unwrought metal and waste and scrap. 
2Contained cobalt in nickel-copper and nickel matte. 
Table 7.—U.S. import duties for cobalt 
Ite TSUS Most favored nation (MFN) Non-MFN 
m d 
No. Jan. 1, 1983 Jan. 1, 1987 Jan. 1, 1983 
Ore and concentrate -_________ 601.18 Free c ui ceto Free ________ Free. 
Unwrought metal, waste and scrap _ 632.20 ae | AA RP | PAN i 
Alloys, unwrought |... 632.86 9% ad valorem . _ 9% ad valorem _ _ 45% ad valorem. 
emical compounds: 
TT 418.60 1.2 cents per 1.2 cents per 20 cents per 
pound. pound. pound. 
Sulfate ________________ 418.62 1.4% ad valorem _ 1.4% ad valorem _ 6.5% ad valorem. 
NOP os oou e Ei 418.68 5.1% ad valorem _ 4.2% ad valorem . 30% ad valorem. 
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WORLD REVIEW 


Australia.—Production at the Greenvale 
nickel-cobalt mine in Queensland was cut 
by one-half. Prior to the cutbacks, the mine 
had been operating at full capacity. Accord- 
ing to reports, many of Greenvale’s custom- 
ers had been contractually obligated to 
buy its products and those contracts ex- 
pired. 

Botswana.—Botswana RST Ltd., a nickel- 
copper-cobalt producer, was forced to 
reschedule outstanding loans and obtain 
additional financing. A subsidiary company, 
Bamangwato Concessions Ltd. (BCL), oper- 
ated the Selebi-Pikwe Mine. AMAX Nickel 
Inc. exercised its option, under an existing 
contract, to purchase all of the nickel- 
copper-cobalt matte produced by BCL. Since 
the end of 1981 AMAX Nickel had only 
been buying 7596 of the matte production. 
Beginning April 1, 1983, the matte was 
shipped in the form of pellets. 

Canada.—Inco Ltd.’s electrolytic cobalt 
refinery at Port Colborne, Ontario, became 
operational during the year. This refinery 
was closed on December 26 for 5 weeks as 
part of Inco's nickel inventory adjustment. 
Plans called for a similar, 4-week shutdown 
beginning July 2, 1984. The plant's produc- 
tion capacity was 2 million pounds per year. 
Inco resumed development of its open pit 
mine at Thompson, Manitoba. The project, 
which had been deferred in 1982 because of 
Inco's capital expenditure cutbacks, was to 
replace an existing open pit mine that was 
expected to be depleted in 1985. Plans called 
for the transfer of a 70-person work force to 
the Thompson pit. Inco also planned to use 
its new milling process to reject more of the 
sulfur-bearing pyrrhotite into the tailings 
before the concentrate reached the smelter 
at Sudbury, Ontario. 

Falconbridge Ltd. transferred its 50% 
share of the Windy Craggy copper-cobalt 
project to its joint venture partner, Geddes 
Resources Ltd., in return for a royalty equal 
to 22.5% of net proceeds should the project 
develop into a mine. The royalty was to be 
payable only after Geddes recouped its ex- 
ploration and development costs. The 
Windy Craggy deposit, in northwestern 
British Columbia, was reported to have an 
inferred tonnage of more than 330 million 
short tons with grades of 1.52% copper and 
0.08% cobalt. | 

China.—A rich cobalt deposit was report- 
ed to have been found in northeast Hainan 


Island. It was described as not only the 
single largest known cobalt deposit in the 
country, but the first primary cobalt deposit 
as well. The deposit was said to be shallow 
and easy to develop. Tests indicated that 
beneficiation and smelting efficiencies were 
excellent and that nickel could also be 
extracted. f 

Cuba.—Reports indicated that Cuba 
planned to greatly increase its nickel pro- 
duction capacity, which would normally 
affect cobalt production; however, it was 
uncertain how these plans would affect 
cobalt production. Existing facilities at Moa 
Bay and Nicaro were to be expanded. Plans 
had called for two more facilities to be built, 
but the Las Camariocas project was report- 
ed to be postponed indefinitely in order to 
bring the Punta Gorda complex into full 
production at the end of the decade. 

Finland.—Outokumpu Oy, the Govern- 
ment-owned mining company, began selling 
a full range of cobalt salts. The salts were 
produced at a new plant at Kokkola. Out- 
okumpu was investigating a deposit of black 
schist near Solamo in eastern Finland. The 
deposit contained an estimated 275 to 330 
million tons of low-grade ore, about one-half 
of which could be extracted by open pit 
mining. The ore averaged 0.26% nickel, 
0.52% zinc, 0.14% copper, and 0.02% cobalt. 
Pilot plant operations were conducted to 
test the technical and economic feasibility 
of a new process to extract the metal values. 

Elsewhere in Finland, the Luikonlahti 
Mine, owned by Myllikoski Oy, ceased min- 
ing operations. The mine had been operat- 
ing since 1971. 

India.—Deposits containing cobalt, nick- 
el, and other metals were found in the 
northeastern State of Arunachal Pradesh. 
There were also reports of cobalt-containing 
manganese nodules found during a survey 
of the waters off the west coast. Plans called 
for a similar survey of the east coast. 

Japan.—Japanese cobalt production de- 
clined considerably owing to problems in 
obtaining feedstocks. Sumitomo Metal Min- 
ing Co. Ltd. ceased production in December 
1982, when its supply of concentrate was cut 
off by the temporary shutdown of its suppli- 
er, Marinduque Mining and Industrial 
Corp. (MMIC), of the Philippines. Sumitomo 
cobalt production resumed in August 1983. 
Nippon Mining Co. Ltd., the other Japanese 
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producer, was forced to curtail production 
owing to reduced concentrate supplies from 
Greenvale, Australia. 

Kobe Steel Ltd. began operating a super- 
alloy powder pilot plant with a capacity of 
110 tons per month. The new facility was 
located at the company’s Kobe works and 
consisted of a vacuum melting furnace, an 
argon gas atomizing unit, a powder han- 
dling unit and a clean room. 

Papua New Guinea.—Nord Resources 
was reported to have been looking for a 
joint venture partner to participate in the 
development of the Ramu River cobalt- 
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nickel-chromium deposit. The deposit was 


` reported to contain about 300 million 


pounds of cobalt. 

Peru.—A Government mining company 
received a grant from the U.S. Trade and 
Development Program to study the feasibil- 
ity of producing a cobalt concentrate from 
pyrite rejects from the Marcona Mine in 
southern Peru. The $400,000 grant, made to 
Empresa Minera del Hierro del Perú, stipu- 
lated that, if cobalt was produced from the 
mine, U.S. technology and equipment were 
to be used and the product was to be made 
available to the United States. 


Table 9.— Cobalt: World production, by country! 


(Short tons) 
Mine output, metal content? Metal? 
Country 

1979 1980 1981 1982P 1983* 1979 1980 1981 1982P 1983° 
Australia |... 1,745 2,177 * 1,836 * ©1,995 2,000 ae os zc EN ous 
Botswana. ...... 324 249 280 280 280 mE DM E Ve eN 

Brazil _________ NA NA NA NA 5130 He a 
Canada? _______ 1,808 1,767 2,293 1,548 51,746 667 763 1,003 1,148 51,168 

ea A 1,356 1,778 1,890 *1,650 1,820 ae ee Sn 
Finland... 1,174 1,141 1,140 1,025 1,000 1,281 1,269 1,355 1,6604 51,709 
France _______- uk Ee Se SE e 850 745 493 e550 MT 
Germany, Federal 
Republic of .. — ne d T 2 E 424 **30 £160 **160 160 
apan EE ae Ge "e Ge SS 2,924 3,160 2,669 2,141 51,511 
Morocco_ _ _ ~~ ~~ - 1,059 924 870 €770 m EE n BE EH SA 
New Caledonia’ _ _ _ 1274 1395 T407 299 300 s T -— us SAM 
Norway... ....- S Da nen SC Sec? 1,051 1,405 1,592 1,092 1,100 
Philippines. __ _ _ _ 1,510 1,467 1,099 629 660 oe NS Ei M FEN 
U.S.S.R. . |... 2,200 72,300 "2,400 "2,500 2,600 74,200 "4,600 4,700 "4,700 5,000 
United Kingdom* $ _ EME ee TE EN E 375 800 800 800 800 
United States |... Ke SG core — EE 464 500 447 508 5103 
Zaire |... “16,530 7" *17,000 °°17,000 “12460 12,460 15,464 15,964 12,262 6,143 6,060 
Zambia ________ 4,718 4,850 3,765 €3,580 3,530 3,501 3,649 2,833 2,696 2,650 
Zimbabwe _____-_ €230 €130 €110 r €110 70 225 127 103 107 55 
Total —— = Zas 132,928 134,178 33,090 26,846 26,596 "31,426 33,312 28,417 21,649 20,316 
“Estimated. Preliminary. "Revised NA Not available.. 


1Table includes data available through May 9, 1984. 

“Figures presented represent recovered cobalt content. In addition to the countries listed, Bulgaria, Gd ess the 
German Democratic Republic, Greece, Indonesia, Poland, the Republic of South Africa, Spain, and Uganda are known to 
produce ores that contain cobalt. Information is inadequate for reliable estimates of output levels. Other copper- and/or 
nickel-producing nations may also produce ores containing cobalt as a byproduct component, but recovery is small or nil. 

“Figures represent elemental cobalt recovered unless otherwise specified. In addition to the countries listed, 
Czechoslovakia presumably recovers cobalt from Cuban nickel-cobalt oxide and oxide sinter. Belgium has imported small 
quantities of partly processed materials containing cobalt, but available information is inadequate to form reliable 
estimates of cobalt recovery from these materials. 

* Australia does not procure cobalt. Data series represent content of intermediate metallurgical products (cobalt oxide 
and nickel-cobalt sulfide) produced and reported by Australia. 

*Reported figure. 

Actual output is not reported. Data for mine output are total cobalt content of all products derived from ores of 
Canadian origin, including cobalt oxide shipped to the United Kingdom for further processing. and nickel-copper-cobalt 
matte shipped to Norway for further processing. Data presented for metal output represent the output within Canada of 
metallic cobalt from ores of both Canadian and non-Canadian origin. 

"Series reflects recovery from ores and intermediate metallurgical products exported from New Calendonia to France, 
Japan, and the United States. The estimated content of total ores mined is as follows, in short tons: 1979—3,314 (revised); 
1980— 3,527 (revised); 1981—3,074 (revised); 1982—2,351; and 1983—2,320 (estimated). 

5Estimated recovery of elemental cobalt in refined cobalt oxides and salts from intermediate metallurgical products 
originating in Canada. 


NOTE: Footnote 4 on Australia is taken from Australia Mineral Industry Annual Review—1979 (p. 95, table 1). 
Footnote 7 on New Calendonia is taken from New Calendonia table "Content by analysis." 
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Philippines.—Owing to severe financial 
difficulties, a major cobalt, nickel, and cop- 
per producer, MMIC was granted a further 
5-year exemption from taxes, fees, and oth- 
er charges payable to both state and nation- 
al governments. MMIC facilities were clo- 
sed from December 1982 to May 1983 for 
conversion from oil-fired boilers to coal- 
fired boilers. 

Saudi Arabia.—The Arabian Shield De- 
velopment Co. reported the completion of 
prefeasibility studies on developing a nickel 
and iron deposit at Wadi Qatan. The possi- 
bility of producing 800,000 pounds of cobalt 
per year was being considered. 

Uganda.—An official of the Lands, Water 
and Mineral Resources Ministry reportedly 
announced that the renovation of the Ki- 
lembe copper mines was to go ahead. The 
renovation was expected to cost about $100 
million and was to be accomplished in two 
phases. The first phase was to consist of 
upgrading and modernizing the copper 
mine and mill, while the second phase was 
to involve the construction of a cobalt recov- 
ery facility. Feedstock for the facility was to 
consist of pyrite concentrate tailings that 
have accumulated since the mine opened in 
1971. It was estimated that several million 
tons of concentrates, containing 1.496 cobalt 
and 38% iron, were present at the site in 
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1983. 

U.S.S.R.—Cobalt, nickel, copper, plat- 
inum-group metals, and other byproduct 
production capacity were being expanded at 
the Noril’sk complex in east Siberia. 

Zaire.—The International Bank for Re- 
construction and Development (World 
Bank) approved a loan to Zaire; the $32 
million loan was to be used to rehabilitate 
facilities at two major ports and to strength- 
en the management of La Générale des 
Carriéres et des Mines du Zaire, the state- 
owned mining company. 

Zambia.—4As part of its efforts to upgrade 
its mining facilities, Zambia Consolidated 
Copper Mines Ltd. ordered a crusher for a 
mine near Chambishi and was spending $34 
million on two new pumping stations for its 
Konkola division. An electrolytic cobalt 
plant at Rokana was officially opened. 

Zimbabwe.—Rio Tinto (Zimbabwe) Ltd. 
closed its Eiffel Flats nickel-copper-cobalt 
refinery. The company failed to negotiate a 
new contract to provide nickel-copper-cobalt 
matte from Botswana. 

The Government agreed to the closure of 
the Empress Nickel Mine owing to escalat- 
ing costs, depressed nickel prices, and tech- 
nical mining problems. 


TECHNOLOGY 


The Bureau of Mines published a report 
composed of a compilation of the state of the 
science in Pacific Ocean manganese nodule 
mineralogy and elemental chemistry. The 
report was divided into three sections: mor- 
phology, mineralogy, and elemental compo- 
sition. The nodule morphology section de- 
fined what was considered a nodule for the 
study, and detailed the external character- 
istics and internal structure. Nodule miner- 
alogy was discussed in three sections: man- 
ganese minerals, iron oxide minerals, and 
accessory minerals. The elemental composi- 
tion section presented data on 74 elements 
occurring as cations or anions. Further 
Bureau research on manganese nodules in- 
cluded a report on the methods of character- 
izing the nodules and their processing 
wastes.? 

A Bureau report on nodule processing 
updated a previous National Oceanic and 
Atmospheric Administration study.* The 
updated report contained detailed flow- 
Sheets and descriptions of the five po- 
tential first-generation nodule recovery 


schemes most likely to be used by industry. 
These were: high-temperature gas reduction 
and ammoniacal leach, cuprion ammonia- 
cal leach, high-temperature and high- 
pressure sulfuric acid leach, reduction and 
hydrochloric acid leach, and smelting and 
sulfuric acid leach. 

Another Bureau report on nodules con- 
cerned estimating the tonnage and grade of 
deposits with significant potential and de- 
scribing and estimating the profitability of 
operations designed to mine and process 
deposits with the greatest apparent po- 
tential.s Analysis of over 800 sample loca- 
tions identified three areas for detailed 
study. The Bureau published a study of the 
characterizations of lateritic nickel-cobalt 
ores by electron-optical and X-ray tech- 
niques.* For comparison, the study included 
the transition-type, low-grade laterite found 
in northern California and southern Oregon 
as well as the limonitic-type laterites from 
New Caledonia and the Philippines. Results 
showed that for both laterite types studied, 
most of the nickel and minor amounts of 
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cobalt were associated with the mineral 
geothite. Most of the cobalt and minor 
amounts of nickel were associated with a 
mixed manganese oxide mineral. 

The other Bureau publication on laterites 
in 1983 focused on the effluents generated 
from their processing.” The results indicat- 
ed a method of washing residues that pre- 
vented significant amounts of nickel and 
cobalt from being absorbed in those residues 
and thus improved the overall metal recov- 
ery. 

The Bureau also conducted research on 
solvent extraction to evaluate the useful- 
ness of neodecanoic acid for extracting co- 
balt from ammoniacal leach liquors high in 
ammonium sulfate. The resulting report 
discussed the fundamental problems involv- 
ed in the electrolytic recovery of cobalt from 
extractants of the cobaltic amines. 

The copper-nickel ore of the Duluth Gab- 
bro Complex in northeastern Minnesota is a 
large potential domestic resource of cobalt 
and platinum-group metals. However, be- 
cause of the low grade of the primary metal 
values, 0.5% copper and 0.15% nickel, the 
private sector assigned a relatively low 
priority to the development of technology 
for processing this ore. As part of an effort 
to help provide the basis for technology to 
recover critical and strategic minerals from 
domestic resources, the Bureau investigated 
methods to recover all of the mineral values 
in the Duluth Gabbro material with partic- 
ular attention to the byproduct critical 
minerals. A report resulting from this effort 
described a direct smelting method that 
removed most of the iron to produce a 
copper-nickel-cobalt matte from which the 
metal values were recovered.? 

The Bureau investigated a method for 
increasing the leaching rate of bulk super- 
alloy scrap to facilitate recycling and recov- 
ery of critical metals such as cobalt, nickel, 
and chromium.'? Three superalloys were 
melted with varying percentages of alumi- 
num metal to form intermetallic com- 
pounds. These compounds were easily 
crushed to a convenient particle size and 
reacted rapidly with acid solutions that 
dissolved the metals. Superalloys were 
found to dissolve in acid solutions much 
more quickly when part of an intermetallic 
compound and when the surface area was 
larger. The separation of cobalt and nickel 
from sulfate solutions by solvent extraction 
was investigated.' Recently developed 
solvent-extraction reagents showed much 
improved selectivity for cobalt compared 
with established extractants. The new re- 
agents had the added advantage of operat- 
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ing efficiently at ambient temperatures. 

The process technology used at AMAX 
Nickels Port Nickel hydrometallurgical 
complex was described.!? Some of the more 
innovative practices were presented, which 
included the pressure leaching of nickel- 
copper mattes, separation of cobalt from 
nickel in sulfate solution by ammonium 
persulfate, improved practices for produc- 
ing nickel powder by hydrogen reduction 
from nickel sulfate solution, modified pen- 
tammine processing with ion exchange for 
cobalt purification, and sulfide scavenging 
of nickel and cobalt from ammonium sul- 
fate liquor. 

A hydrometallurgical process, developed 
for the production of cathode cobalt from 
Blackbird cobaltite-pyrite concentrate, was 
described. The process was based on the 
selective dissolution of cobaltite and has 
been demonstrated on a miniplant scale. 

An acid leach process, developed by 
AMAX for the treatment of nickel oxide 
ores, such as laterite, was described.!* An 
important feature of the process which was 
demonstrated in an integrated pilot plant, 
was the recycling of reagents resulting in 
the reduction of waste effluent streams. 


1Physical scientist, Division of Ferrous Metals. 

2Haynes, B. W., S. L. Law, and D. C. Barron. Mineralogi- 
cal and Elemental Description of Pacific Manganese Nod- 
ules. BuMines IC 8906, 1982, 60 pp. 

3Haynes, B. W., D. C. Barron, G. W. Kramer, and S. L. 
Law. Methods for Characterizing Manganese Nodules and 
Processing Wastes. BuMines IC 8953, 1983, 10 pp. 

*Haynes, B. W., S. L. Law, and R. Maeda. Updated 
Process Flowsheets for Manganese Nodule Processing. 
BuMines IC 8924, 1983, 100 pp. 

*Hillman, C. T. Manganese Nodule Resources of Three 
Areas in the Northeast Pacific Ocean: With Proposed 
Mining-Beneficiation Systems and Costs. A Minerals 
Availability System Appraisal. BuMines IC 8933, 1983, 60 


PP. 

SChandra, D., C. O. Rudd, and R. E. Siemens. Character- 
ization of Lateritic Nickel Ores by Electron-Optical and 
X-Ray Techniques. BuMines RI 8835, 1983, 12 pp. 

7Powers, L. A., and R. E. Siemens. Examination of 
Effluents Generated From Processing Domestic Laterites. 
BuMines RI 8797, 1983, 13 pp. 

8Penner, L. R., D. E. Traut, and J. L. Henry. Neodeca- 
noic Acid as a Co?* Solvent Extractant. BuMines RI 8826, 
1983, 10 pp. 

Shah, I. D., P. L. Ruzzi, and R. B. Schluter. Low-Iron Cu- 
Ni-Co Matte From Duluth Complex Sulfide Concentrate by 
Direct Smelting. BuMines RI 8752, 1983, 10 pp. 

10Atkinson, G. B. Increasing the Leaching Rate of Bulk 
Superalloy Scrap by Melting With Aluminum. BuMines RI 
8833, 1983, 11 pp. 

11Preston, J. S. Recent Developments in the Separation 
of Nickel and Cobalt From Sulfate Solutions by Solvent 
Extraction. J. S. Afr. Inst. Min. Metall. v. 83, No. 6, June 
1983, pp. 126-132. 

12Crnojevich, R., D. H. Wilkinson, and J. L. Blanco. 
Contributions to the Hydrometallurgy of Nickel, Copper 
and Cobalt in the AMAX Inc. Port Nickel Plant. Paper in 
Hydrometallurgy Research, Development, and Plant Prac- 
tice, Metall. Soc. AIME, 1983, pp. 941-953. 

13Harris, G. B., S. Moette, and R. W. Stanley. Hydro- 
metallurgical Treatment of Blackbird Cobalt Concentrate. 
Paper in Hydrometallurgy Research, Development; and 
Plant Practice, Metall. Soc. AIME, 1983, pp. 139-150. 

14Mahesh, C. J., and G. A. Mey. er. AMAX Chloride 
Refining Process for Recovery of Nickel and Cobalt From 
Mixed Sulfide Precipitates. Paper in Hydrometallurgy 
Research, Development and Plant Practice, Metall. Soc 
AIME, 1983, pp. 903-924. 
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Columbium and Tantalum 


By Larry D. Cunningham! 


The United States continued to be de- 
pendent on imports as there was no domes- 
tic mine production of either columbium or 
tantalum minerals. Imports for consump- 
tion of columbium mineral concentrates 
increased substantially with Canada contin- 
uing as the major source of supply. Howev- 
er, imports for consumption of tantalum 
mineral concentrates fell to the lowest level 
in three decades as processors continued to 
draw from in-house inventories. There were 
no imports of tantalum materials from 
Canada, because tantalum production there 
was suspended for the entire year. To en- 
sure future availability to the United 
States, contracts for purchase of tantalum 
materials for the National Defense Stock- 
pile were awarded by the General Services 
Administration (GSA). 

Reported consumption of columbium in 
the form of ferrocolumbium and nickel 
columbium increased modestly from that of 


1982. This increase corresponds with the 
gains made in the carbon and the stainless 
and heat-resisting segments of the steel- 
making industry. Columbium consumption 
in superalloys experienced substantial im- 
provement. Increases in reported shipments 
of tantalum products and sales of tantalum 
capacitors indicated some recovery in the 
depressed tantalum market. 

Prices for columbium and tantalum raw 
materials and products remained stable. 
Net trade for columbium and tantalum 
continued at a deficit with overall trade 
volume down for both imports and exports. 

Thailand was granted a loan from the 
International Bank for Reconstruction and 
Development (World Bank) to construct a 
tantalum-processing facility in that coun- 
try. This development has the potential for 
altering the future pattern of movement for 
a significant proportion of tantalum supply. 


Table 1.—Salient columbium statistics 
(Thousand pounds of columbium content unless otherwise specified) 


1979 1980 1981 1982 1983 
United States: 
Mine production of columbium-tantalum concentrates... T (1) (1) (1) c 
Releases from Government excesses___________--_ E = as hes mE 
Consumption of raw materials ________________ 2,402 3,122 1,983 “1,900 “1,900 
Production of ferrocolumbium ________________ 969 2,028 1,145 W W 
Consumption of primary products: Ferrocolumbium and 
nickel columbium ` ooo. 6,337 6,503 6,244 3,679 4,318 
Exports: Columbium metal, compounds, alloys 
(gross weight)? __-______________________ 100 120 150 100 100 
Imports for consumption: 
Mineral concentrate____________________ 1,690 2,020 1,050 580 730 
Columbium metal and columbium-bearing alloys _ _ e4 73 (2) e9 <2 
Ferrocolumbium® _____________________ 5,515 5,918 6,068 3,128 2,539 
DV SIRS AAA A 1,133 1,417 842 *636 W 
* World: Production of columbium-tantalum concentrates _ _ 731,709 33,359 32,664 P23,388 *18,680 


*Estimated. Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data. 
1A small unreported quantity was produced. 
. "Less than 1/2 unit. 


Rec ipta reported by consumers; includes synthetic concentrates and other miscellaneous materials, after deduction of 
reshipments. 
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Table 2.—Salient tantalum statistics 
(Thousand pounds of tantalum content unless otherwise specified) 


United States: 


Mine production of columbium-tantalum concentrates_ — 
Releases from Government excesseS----------.- 
Consumption of raw materials ______________~- 


Exports: 
Tantalum ore and concentrate 
Tantalum metal, compounds, alloys (gross weight)_ - 


Tantalum and tantalum alloy powder (gross weight) 


Imports for consumption: 


Mineral concentrate_ _____~________-~-___L 
Tantalum metal and tantalum-bearing alloys ....... 


Tin slags 
World: Production of columbium-tantalum concentrates .... 


weight? ____ 


1979 1980 1981 1982 1983 
es (2) (1) (1) = 
1,740 1,863 1,269 200 *900 
329 468 99 235 121 
426 524 205 382 211 
296 251 97 115 123 
630 860 650 440 180 
144 r 393 r 334 r 37] 397 
1,140 1,327 7896 e576 W 
1,049 71.168 822 P690 *678 


*Estimated. Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data. 


1A small unreported quantity was produced. 
3Includes reexports. 
3Exclusive of waste and scrap. 


*Receipts reported by consumers; includes synthetic concentrates and other miscellaneous materials, after deduction of 


reshipments. 


Table 3.—Columbium and tantalum materials in Government inventories 
as of December 31, 1983 


(Thousand pounds of columbium or tantalum content) 


Material 


Columbium: 


Concentrates __________~_ Le 
Carbide powder 2.52.2 22 - ----------------———- 
Ferrocolumbium `... —— EE 


Net, le 


National Defense Stockpile 
Stockpile inventory 
g Stockpile- ^ Nonstockpile- Total 
grade grade 

5,600 937 869 11,806 
100 21 MN 21 

zx. 598 333 1931 

"n 45 A 145 

CH 1,601 1,202 2,803 
8,400 1,432 1,152 32,584 
xis c 329 

M 201 (9 3201 

CH 1,662 1,152 2,814 


! All surplus ferrocolumbium and columbium metal were used to offset columbium concentrates shortfall. Total offset 


was 1,148,000 pounds. 


2Overall goals, on a recoverable basis, total 4,850,000 pounds for the columbium metal group and 7,160,000 pounds for 


the tantalum metal group. 


3A1] surplus tantalum carbide powder and tantalum metal were used to offset tantalum minerals shortfall. Total offset 


was 271,000 pounds. 
*100 pounds. 


Domestic Data Coverage.—Domestic pro- 
duction data for ferrocolumbium are devel- 
oped by the Bureau of Mines from the 
annual voluntary survey for ferroalloys. Of 
the four domestic operations to which a sur- 
vey was sent, 100% responded, represent- 
ing 100% of total production. Ferrocolum- 
bium production data are withheld for 1983 
to avoid disclosing company proprietary 
data. 

Legislation and Government  Pro- 
grams.—The National Defense Stockpile 
goals and inventories for columbium and 
tantalum materials did not change, and 
there were no sales of stockpile excess 


materials. 

In October, GSA agreed to purchase tan- 
talum materials containing 244,200 pounds 
of tantalum pentoxide (Ta.O;), equivalent to 
approximately 200,000 pounds of tantalum, ` 
for the National Defense Stockpile. The 
purchase followed a solicitation in June for 
tantalum natural mineral and concen- 
trates containing up to 305,250 pounds of 
TasO; to be provided in five lots containing 
not less than 61,050 pounds of Ta:0; per lot. 
The material shall be grade 1 as defined in 
National Stockpile Purchase Specification 
P-113a, effective August 3, 1981, requiring a 
minimum Ta20, content of 25% and a 
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minimum combined Ta;O, plus columbium 
pentoxide (Cb.0;) content of 55%. Under 
the contracts, Greenbushes Tin Ltd., Aus- 
tralia, will supply two 61,050-pound lots of 
Task and Norore Corp. and Bomar Re- 
sources Inc., both of New York, NY, will 
each supply a 61,050-pound lot of Ta;O; with 
the average purchase price being about 
$31.62 per pound of contained Ta;O,, f.o.b. 
the Hammond, IN, storage depot. Material 
deliveries are to be completed within 365 
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days after the effective date of the con- 
tracts. 

In the February 17, 1983, Federal Regis- 
ter, the Environmental Protection Agency 
proposed effluent limitation guidelines and 
standards under the Clean Water Act for 
nonferrous metals including columbium 
and tantalum. The proposed effluent limits 
are based on best practicable technology, 
best available technology, and best conven- 
tional technology to handle water wastes. 


DOMESTIC PRODUCTION 


Domestic production of ferrocolumbium, 
expressed as contained columbium, was up 
10% from that of 1982. Value of ferrocolum- 
bium production increased to an estimated 
$9.6 million. The regular grade continued to 
be favored over the high-purity grade of 
ferrocolumbium in the production mix. 

All columbium- and tantalum-bearing 
concentrates were imported, but a major 
tantalum processor was considering future 
domestic mining of low-grade tantalum 
ores.? 

Tantalum content of raw materials con- 
sumed by processors in the production of 
tantalum compounds and metals was esti- 
mated to be about 900,000 pounds. In addi- 
tion, consumption of purchased metal scrap 
was estimated at about 40,000 pounds. 

The H. K. Porter Co. Inc. distributed all of 


the common stock it held in Fansteel Inc. to 
the company’s shareholders on May 31, 
1983. This amounted to nearly 96% of 
Fansteel's outstanding shares.? 

The Pesses Co., Solon, OH, producer of a 
wide range of ferroalloys including ferroco- 
lumbium, was declared bankrupt by a Fed- 
eral judge in Cleveland, OH. Three creditors 
of the company filed a petition in Federal 
Bankruptcy Court seeking liquidation of the 
firm under Chapter 7 of the Federal Bank- 
ruptcy Code. 

Ashland Chemical Co. Columbus, OH, 
expanded its line of foundry products to 
include specialty metals and alloys. A 
Cleveland, OH, plant was retrofitted with a 
new furnace that now provides a capability 
for producing high-purity ferrocolumbium 
and nickel columbium. 


Table 4.—Major domestic columbium and tantalum processing and producing 
companies in 1983 


Company Plant location 


Avon Products Inc.: Mallinckrodt St. Louis, MO ____ 
nc. 
Cabot Corp 
KBI Div -...——- onn Boyertown, PA __ _ 
ee ne ee Revere, PA ____ _ 
Fansteel Inc ___________~_~- Muskogee, OK _ _ —_ 


Kennametal Inc __________-_ Latrobe, PA ` 

Metallurg Inc.: Shieldalloy Corp- - Newfield, NJ ____ 

NRC Inc. lo nun ewton, MIS 

Reading AlloysInc.. Robesonia, PA ` 

Teledyne Inc.: Teledyne Wah Albany, OR _____ 
Chang Albany Div. 


Products! 

Metal? Carbide  Oxideand/or Fech 
sal and/or 

Cb Ta Cb Ta Cb Ta NiCb 
E _ " a X X o 
X X e GES X X E 
ae bis en p bin 0 X 
X X X ee X X mE 
Be X x __ ie __ Se 
Sp X X X ne X SS 
un X = X "i P X 
X X m e 2 ne x 
ES Ee H n 1 n X 
X X ae SR X GER X 


1Cb, columbium; Ta, tantalum; FeCb, ferrocolumbium; NiCb, nickel columbium. 


2Includes miscellaneous alloys. 


3Jointly owned by South American Consolidated Enterprises S.A. and H. C. Starck Berlin. 
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CONSUMPTION, USES, AND STOCKS 


Overall reported consumption of colum- 
bium as ferrocolumbium and nickel colum- 
bium rose by 17%, a reversal of the down- 
ward trend that existed in 1981 and 1982. 
Consumption of columbium by the steel- 
making industry increased 11%, in line 
with a 12% increase in raw steel produc- 
tion, with virtually no change in the per- 
cent of columbium usage per short ton of 
steel produced. Consumption in the carbon 
and the stainless and heat-resisting steels 
increased by 16% and 47%, respectively, 
again following the pattern of production 
increases for these grades of steels. Increas- 
ed demand in the automotive and other 
consumer product industries contributed to 
the advances. However, columbium demand 
in high-strength, low-alloy (HSLA) steels 
continued to fall, a decline of more than 
40% from the 1981 peak year total. 

Demand for columbium in superalloys 
was up by more than 40%. However, that 
portion used in the form of nickel colum- 
bium continued to decline by 6% to less 
than 260,000 pounds, indicating a shift to 
ferrocolumbium. 

The Tantalum Producers Association re- 
ported a 15% rise in overall tantalum ship- 
ments, indicating some recovery in the 
market. This was the first increase in ship- 
ments since 1979. Major segments of the 
tantalum market showing increases were 
powder and anodes and mill products. 
Changes in the reporting method for some 
of the materials contributed to the substan- 
tial increase in the alloy additives segment. 
Tantalum for cemented carbide advanced 
by almost 40% as a result of improvements 
made in the automotive industry and in the 


production of consumer goods. However, 
manufacturers in this market continued to 
conserve tantalum with scrap recycling pro- 
grams, substitutions, and product redesigns 
to reduce or eliminate tantalum. 

Factory sales of tantalum capacitors rose 
by 12% as reported by the Electronic Indus- 
tries Association. This was the highest level 
since 1980. Stable tantalum prices and im- 
provements in the electronics and automo- 
tive industries helped to strengthen the 
tantalum capacitor market. However, con- 
tinued improvement in tantalum capacitor 
powder coupled with substitution of alumi- 
num and ceramic capacitors in the consum- 
er electronic industries contributed to a 
lesser demand for tantalum powder. By 
yearend, Sprague Electric Co. had started 
production of solid tantalum capacitors at 
its new capacitor-manufacturing facility in 
San Antonio, TX. The new facility supple- 
ments Sprague’s capacitor plants in San- 
ford, ME, and Concord, NH. Western Elec- 
tric Corp., a major producer of tantalum 
capacitors for in-house use, reportedly was 
considering a move into capacitor sales to 
outside consumers.‘ 

Aggregated stocks of columbium and tan- 
talum raw materials reported by processors 
for 1983 were incomplete at the time this 
chapter was prepared. Aggregate stocks of 
columbium and tantalum raw materials 
reported by processors for yearend 1982 
contained an estimated 3.5 million pounds 
of columbium and 3.2 million pounds of 
tantalum, both down from yearend 1981 
totals of 4.3 million pounds and 3.5 million 
pounds, respectively. 


Table 5.—Reported shipments of columbium and tantalum materials 


(Pounds of metal content) 
Material 1982 1983 
Columbium products: 
Compounds including alloys- ~~~ LL 562,680 1,049,500 
Metal including worked products __________________~_~_______________ 355,400 424,400 
Oter AAA A e BN ye E ta ee cat as pe 29,700 20,000 
Total. EE 947,780 1,493,900 
Tantalum products: 
Oxides and salts otitis ts ee See la A Ee 36,500 14,160 
Alloy additive ____________________ EEN 31,700 104,020 
RT TEE EEN 82,170 114,190 
Powder and anodes AAA A 451,100 3,800 
Ingot (unworked consolidated metal)... ----------------------—---——-——-—— 6,700 5,700 
Miil produtti =- seac aa a a C RU 168,020 214,100 
A a] A A A Ee? 4,500 59,700 
EE EE EE ie: auc 
TOA E das Ea REOR Mi a ta a PERENNE 880,690 


Source: Tantalum Producers Association. 


1,015,670 
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Table 6.—Consumption, by end use, and industry stocks of ferrocolumbium and nickel 
columbium in the United States 


(Pounds of contained columbium)! 


END USE 
Steel: 


Superallo 


Alloys (excluding alloy steels and superalloys) - --- ----- 
Miscellaneous and unspecified . 


Total consumption - - - - - -- --- --------—-——- 


High-strength, low-alloy____________________ 
Electric EE EE 
d KREE A TO N Aa 


1983 


1982 
EE 1,138,323 1,315,624 
GE hye ey ot yee AA eS 450,305 662,320 
SE (2) (2) 
AE ASA 1,411,992 1,348,814 
Ee Sé ) (3) 
c a a —— EE E E (3) (3) 
NEE 7,453 24,641 
EEN 3,008,073 3,351,399 
EE CES 648,522 937,463 
EE ENER 17,315 24,338 
EE dre Bie 5,077 4,877 
EE 8,678,987 4,318,072 
Ee NINE W W 
ON ct sate POLOS MES W W 
cepe tm RE a i te 711,000 760,000 


*Estimated. W Withheld to avoid disclosing company proprietary data; included in “Total stocks.” 
1Includes columbium and tantalum in ferrotantalum-columbium, if any. 


3Small; included with “Steel: High-strength, low-alloy.” 
*Included with “Steel: Unspecified.” 
*Ferrocolumbium only. 


PRICES 


Prices continued stable for pyrochlore 
concentrates and columbium products 
based on them. A price for Brazilian pyro- 
chlore concentrates remained unavailable; 
exports of the concentrates were stopped in 
1981. The price of pyrochlore concentrates 
produced in Canada by Niobec Inc. was 
quoted throughout 1983 at $3.25 per pound 
of contained pentoxide, f.o.b. Canada, for 
concentrates with a nominal content of 57% 
to 62% Cb.0;. This price has remained 
unchanged since April 1980. The spot price 
of regular-grade ferrocolumbium containing 
63% to 68% columbium was unchanged at 
$6 per pound of contained columbium, f.o.b. 
shipping point. 

High-purity ferrocolumbium and nickel 
columbium experienced modest price 
changes. The quoted price for high-purity 
ferrocolumbium eased from $21 to $19.75 
per pound of contained columbium in mid- 
March, and the price for nickel columbium 
was $21 per pound of contained columbium 
by yearend. Columbium metal price quotes 
remained unchanged. The spot price for 


columbite concentrates was quoted the en- 
tire year at $5 to $7 per pound of combined 
columbium and tantalum pentoxides. In 
October, the price for columbium oxide, 
both foreign and domestic, increased from 
about $6 to about $6.60 per pound of oxide, 
reportedly boosted by an upturn in demand. 

Most tantalum prices remained virtually 
unchanged, with tantalum demand and 
trade volume for tantalite ore continuing at 
depressed levels. The spot market price for 
tantalite, on the basis of 60% combined 
tantalum and columbium pentoxides, c.i.f. 
U.S. ports, started the year at $20 to $25 
and increased to $28 to $31 in the fourth 
quarter. The Canadian tantalum producer, 
Tantalum Mining Corp. of Canada Ltd., 
contract price for tantalite was unchanged 
at $45 per pound of contained pentoxide. 
The contract price for tantalite from Green- 
bushes in Australia remained suspended. 
Published price quotations for tantalum 
mill products and powders were unchanged 
at about $150 per pound. | 
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FOREIGN TRADE 


Net trade remained at a deficit for both 
columbium and tantalum, but was at the 
lowest level since 1978. Overall trade vol- 
ume and value was down for both exports 
and imports. Exports and reexports of tan- 
talum ores and concentrates declined al- 
most 50% to 121,000 pounds valued at $1.1 
million. Belgium replaced the Federal Re- 
public of Germany as the principal recipi- 
ent with 95% of total shipments. 

Imports of raw materials and intermedi- 
ates such as ferrocolumbium and colum- 
bium oxide exceeded the value of exports of 
upgraded forms of columbium and tanta- 
lum by 30%. Imports for consumption from 
Brazil included 3.9 million pounds of ferro- 
columbium, down by nearly 20% and the 
lowest level reported in recent years. Im- 
ports for consumption of columbium oxide 


from Brazil increased significantly to 
372,000 pounds valued at $1.8 million com- 
pared with 84,000 pounds valued at $468,000 
in 1982. Estimated data for both ferrocolum- 
bium and columbium oxide were based on 
entries in nonspecific classes. 

Imports for consumption of columbium 
mineral concentrates increased by more 
than 60%; receipts from Canada almost 
doubled those of 1982. However, average 
unit value for overall imports decreased by 
26% largely owing to the lower unit value 
for Canadian pyrochlore, which was more 
than 80% of the total quantity. Imports 
were estimated to contain 603,000 pounds of 
columbium and 33,000 pounds of tantalum 
at an average grade of approximately 58% 
Cb.0; and 3% Ta.Os. 


Table 7.—U.S. foreign trade in columbium and tantalum metal and alloys, by class 
(Thousand pounds, gross weight, and thousand dollars) 


1982 
Class - 
Quantity Value 
EXPORTS? 
Tantalum: 
Powder __ ______________ 115 16,231 
Unwrought and waste and scrap_ 330 11,231 
Wrought _______________ 52 7,267 
Total- -es Geaa XX 34,729 
IMPORTS FOR CONSUMPTION 
Columbium: 
Ferrocolumbium® _________ 4,812 17,174 
Unwrought metal and waste and 
SCIHD ec eL 1 15 
Unwrought alloys _________ 13 140 
Wrought _______________ MM ane 
Tantalum: 
Waste and scrap __________ 97 3,614 
Unwrought metal _________ 67 6,858 
Unwrought alloys _________ 1 62 
Wrought _______________ 2 87 
Total. sonal Sas XX 27,950 


“Estimated. XX Not applicable. 


1983 Principal destinations 
Quantity Value and sources, 1983 
123 14,397 yen 37, $4,451; West Germany 
3, 286; ; France 25, $2,885; 
United Kingdom 19, $2, 408. 

154 5,892 West Germany 113, $3, 207; 
Belgium-Luxembourg 17, $1,118; 
Japan 10, $845. 

57 7,032 United Kingdom 19, $2,187; Japan 
13, $1,953; West Germany 11, 
$1, 341; France 8, $771. 

XX 27,321 West Germany $7,800; Japan 
$7,200; United Kingdom $4,900; 
France $3,900.2 

3,906 12,992 All from Brazil. 
3 39 Wa Germany 2, $30; France 1, 
2 4 All from Brazil. 

(3) 2 Austria (3), ?$2; United Kingdom 
(3), $68). 

122 2,803 West Germany 50, $1,500; United 
Kingdom 20, $372; Mexico 14, 
$222; France 20, $213. 

23 2,022 West Germany 21, $1,979; 
Belgium-Luxembourg 1, $33. 

5 231 Belgium-Luxembourg 4, $196; 
Canada ?1, $34. 

(3) 24 Austria (3), $18; United Kingdom 
(3), $4. 

XX 18,117 Brazil $13,000; West Germany 
$3,500; United Kingdom $385; 
Belgium-Luxembourg $232.? 


1For columbium, data on exports of metal and alloys in unwrought and wrought form, including waste and scrap, are 


not available; included in basket category. 
2Rounded. 
3Less than 1/2 unit. 
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Table 8.—U.S. imports for consumption of columbium mineral concentrates, by country 
(Thousand pounds and thousand dollars) 


Country 


1982 1983 

Gross Gross 

weight Value weight Value 
Ae CRIA 31 148 52 438 
AA SS 642 1,601 1,198 2,119 
AS 67 162 
ER 231 950 164 597 
EE ae 7 66 E HAE 
o eee ato 910 2,765 1,482 3,316 


1Data may not add to totals shown because of independent rounding. 


Table 9.—U.S. imports for consumption of tantalum mineral concentrates, by country 
(Thousand pounds and thousand dollars) 


Country 


Portugal 
South 


Africa, Republic of _~________-~.____--___- 


|. a ek SO he oe eae See Be te A ERE 
Seele EE 


1982 1983 
Gross G 

weight Value weight Value 
Ee Eeer 161 2,243 182 1,543 
EE 260 3,111 240 1,749 
Ee 373 7,215 ati Se 
EE LA 174 Se E 
EE " (2) 2 
CIPRO 12 146 his EM 
EE EE 32 580 18 239 
NEEN 12 146 ios E 
EE 11 131 MN 
EET 19 199 9 112 
E 7 80 ave as 
EE 2n 3) 1 
EEN 328 1,276 55 159 
EE 63 861 31 212 
EEN 6 124 ara en 
EE 1,297 16,286 536 4,017 


1Presumably country of transshipment rather than original source. 


2Less than 1/2 unit. 


¿Data may not add to totals shown because of independent rounding. 


Imports for consumption of tantalum 
mineral concentrates were down nearly 
60% to the lowest level in three decades, 
with the average unit value decreasing by 
40%. Imports were estimated to contain 
147,000 pounds of tantalum and 127,000 
pounds of columbium. Average contents of 
Ta2O; and Cb.0; were 38% and 34%, respec- 
tively. Brazil accounted for over 4096 of 
both the total quantity and total value, 
replacing Canada as the leading source, 


since Canada's production was suspended 
for the entire year. 

Data on receipts of raw materials other 
than mineral concentrates were incomplete. 

Imports for consumption of columbium- 
tantalum synthetic concentrates were down 
significantly: 2.1 million pounds valued at 
$14.9 million, compared with 2.7 million 
pounds valued at $24.9 million in 1982. 
These figures are not included in the salient 
statistics data. 


WORLD REVIEW 


The supply and consumption of tantalum 
on a worldwide and country-by-country ba- 
sis was reported in a German language 
publication entitled “Tantal.”s Major tanta- 
lum producers, in order of magnitude, were 
stated to be Thailand, Brazil and 
Malaysia, with principal consuming coun- 
tries being the United States, Japan, the 


Federal Republic of Germany, and the 
U.S.S.R. Approximately 55% of the total 
tantalum consumed was used for electro- 
lytic capacitors and an additional 3096 was 
used for hard metals. 

World production data on columbium and 
tantalum minerals exclude columbium or 
tantalum recovered from contemporary and 
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old tin slags and from struverite. Tantalum 
contained in tin slags produced in 1980, 
1981, 1982, and 1983 was, in thousand 
pounds, 1,133, 1,006, 991, and 1,049, respec- 
tively, according to data from the Tantalum 
Producers International Study Center. 

Regarding the shipments of old tin slags, 
data were only available from Thailand. In 
1983, Thailand reported no shipments of old 
tin slags compared with 36 short tons in 
1982. 

Developments having potential effects on 
tantalum supply included formation of the 
Association of Tin Producing Countries 
(ATPC) whose membership is comprised of 
six of the major tin-producing countries. 
The ATPC, headquartered in Kuala Lum- 
pur, Malaysia, is reportedly aimed at pur- 
suing cooperative research, development, 
and marketing activities. The Governments 
of Malaysia and Thailand both adopted 
measures in an effort to combat tin smug- 
gling. In Malaysia, new regulations took 
effect that require permission from the 
Malaysian Primary Industries Ministry be- 
fore tin concentrate can be imported. In 
Thailand, a proposal to reduce tin royalties 
was approved. Also, Thailand announced 
that producers would be allowed to main- 
tain, in storage facilities as approved by the 
Ministry of Commerce, tin stockpiles in 
excess of their Government-allocated quota 
levels. 

Australia.—For the fiscal year ending 
June 80, 1988, Greenbushes reported that 
its tin-tantalite mine operated at approxi- 
mately 35% of installed capacity for the 
year. The tantalum market continued to be 
depressed, and tin export quotas remained 
in force. Ore treated was 730,000 cubic 
meters in fiscal year 1988, down from 
826,000 cubic meters in fiscal year 1982. The 
tailings retreatment and alluvial treatment 
plants were out of operation for the entire 
year. The solvent extraction plant was also 
closed down and rebuilt for a continuous 
production capacity of 80,000 pounds of 
Ta.Os. 

Greenbushes was no longer seeking joint 
venture partners to develop its under- 
ground mine and ore deposits. Terms satis- 
factory to the company were not available. 
However, funding was being arranged for 
new mine development and installation of a 
crushing and grinding plant to allow for 
initial production in early 1985. Develop- 
ment plans are to bring on-stream addition- 
al production of about 250,000 pounds of 
contained Ta;O; from the new mine, with a 
projected capacity to double this production 
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within 1 year. To meet anticipated increas- 
ed demand for tantalum, Greenbushes' plan 
calls for an overall increase in production 
from 130,000 pounds of contained Ta;O, in 
1983 to 220,000 pounds in 1984, 450,000 
pounds in 1985, and 650,000 pounds in 1986. 

Brazil.—Late in 1983, the Cia. Brasileira 
de Metalurgia e Mineracáo restarted pro- 
duction of high-purity columbium oxide at 
its plant in Araxa. Production of the oxide 
had been suspended for about 2 years. 

The Goiás Niobio S.A., a joint venture of 
Produtos Metalürgicas S.A. and Metais de 
Goiás S.A., was studying the viability of 
bringing into production a mining and fer- 
rocolumbium operation in the Catalao- 
Ouvidor region of Goiás in late 1984. Initial 
annual ferrocolumbium production is envi- 
sioned at about 1,200 tons. 

Brazil's production and exports of ferroco- 
lumbium continued to decline in 19883. Pro- 
duction and exports were 10,700 tons and 
10,200 tons, respectively, compared with the 
1982 totals of 12,700 tons and 12,200 tons, 
respectively. 

Canada.—As reported by Teck Corp. for 
the fiscal year ending September 30, pro- 
duction of columbium oxide at the Niobec 
Inc. mine at St. Honoré, Quebec, was down 
about 4096 to 4,000,600 pounds, compared 
with 6,889,189 pounds in 1982. The mine, 
which operated at capacity during its 7-year 
history, was closed from April 1 to August 
22 to reduce accumulating columbium con- 
centrate inventories at the mine and in the 
hands of customers. Ore milled was down 
almost 40% to 502,400 tons from 809,242 
tons in 1982. Closed for 5 months, the mill 
operated on the average of 2,310 tons per 
day compared with the 2,325 tons per day in 
1982. Estimated recovery was down to about 
62% compared with the reported 68% in 
1982, even though Cb;O; grade of ore in- 
creased to 0.64% from 0.63% in 1982. Ore 
reserves declined at the end of the fiscal 
year to 12.6 million tons, content basis, at 
0.66% Cb20, compared with about 13.0 mil- 
lion tons at 0.66% Cb;O, in 1982. 

The Hudson Bay Mining and Smelting 
Co. Ltd. (HBMS) reported that mining and 
milling activity at the Bernic Lake, Manito- 
ba, operation of the Tantalum Mining Corp. 
of Canada Ltd. (Tanco) remained suspended 
throughout the year with no sales of Taz0». 
In midyear, HBMS became a wholly owned 
subsidiary of Inspiration Resources Corp. of 
New York, NY. HBMS has a 37.5% interest 
in Tanco and is responsible for the compa- 
ny' 8 overall operation. 

Shell Canada Resources Ltd. decided to 
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terminate mineral exploration activities at 
its Martison Lake property, a major colum- 
bium-phosphate deposit, north of Hearst, 
Ontario. Limited drilling indicated the de- 
posit contains 154 million tons of ore poten- 
tial grading 0.35% Cb.0; and 20% phospho- 
rous pentoxide. A joint venture of Camchib 
Resources Inc. and New Venture Equities 
Ltd. purchased the property from Shell 
Canada and indicated plans for a 2-year 
drilling program to allow accurate assess- 
ment of ore reserves, leading to a feasibility 
study. 

Exploration and test work at other Cana- 
dian properties with potential for colum- 
bium and tantalum include that by High- 
wood Resources Ltd. at its Thor Lake co- 
lumbium-tantalum-rare-earths deposit in 
the Northwest Territories. Completed gravi- 
ty surveying suggests that the deposit is 
substantially larger than the drill-indicated 
ore body previously outlined at 77 million 
tons of ore grading 0.40% columbium, 
0.08% tantalum, 3.5% zirconium, and 1.7% 
‘combined rare earths. Metallurgical studies 
were carried out on methods to recover the 
fine-grained tantalo-columbite crystals in 
the deposit. The Iron Ore Co. of Canada 
continued exploration and metallurgical 
studies at its Strange Lake deposit near 
Schefferville, Quebec. Minerals associated 
with the deposit include columbium, tanta- 
lum, and rare-earth elements. 

China.—A joint research project was un- 
dertaken by China and Japan to extract 
columbium from Chinese iron ore. The re- 
search goal for the first year was to produce 
slag containing 10% columbium. Pig iron 
produced from iron ore mined in Baotou, 
Inner Mongolia, containing 0.1% to 0.2% 
columbium was being used in experiments 
conducted in Japan. The extraction process 
under development hopefully will provide a 
means for extracting columbium from the 
pig iron during the steelmaking process. 
Japanese sources have estimated Chinese 
deposits of columbium-bearing iron ore to 
contain 441 million tons. 

Egypt.—The Egyptian Government con- 
tinued to seek financial support for joint 
development of its Abu Dabbab and Nuwei- 
bi tantalum deposits, located in the Eastern 
Desert near the Red Sea coast. Factors thus 
far preventing such a venture include the 
high cost of mining hard-rock, low-grade 
material, and the lack of an infrastructure 
in the area. Geological evaluation suggests 
total combined ore reserves to be about 77 
million tons. Capital costs for a mining 
project to develop reserves at the Nuweibi 
deposit have been estimated at $70 to $150 
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million. 

France.—The state-owned Bureau de Re- 
cherches Géologiques et Miniéres (BRGM) 
reportedly identified a major tantalum de- 
posit, second only to Greenbushes (Aus- 
tralia), 25 miles west of Vichy: in southern 
France. Preliminary drilling and evalua- 
tion of the Echassieres deposit suggests 
about 55 million tons of ore in a dome-like 
granite structure grading 0.028% Ta.Os, 
0.022% columbium, 0.13% tin, and 0.71% 
lithium. Compagnie Francaise de Mines 
(Coframines), the industrial mining subsid- 
iary of BRGM, undertook a feasibility study 
to exploit the richest portion of the main 
ore body having an estimated grade of 
0.034% Ta.O; and 0.14% tin. Financial part- - 
ners were being sought to bring a mining 
operation on-stream having an initial annu- 
al capacity of about 39 tons of Ta,O, and 165 
to 176 tons of tin. Coframines’ initial inten- 
tion is to concentrate on tantalum. 

Japan.—Production of ferrocolumbium 
was 584 tons, down substantially from the 
1,145 tons produced in 1982. Columbium ore 
imported from Canada for ferrocolumbium 
production was 816 tons. Ferrocolumbium 
imports were 1,960 tons compared with 
2,560 tons in 1982, the bulk of imports came 
from Brazil. Tantalum ore imports totaled 


. 188 tons with 90% of the imports coming 


from Malaysia. 

Namibia.—Natresco (Pty.) Ltd. of the Re- 
public of South Africa continued to examine 
a tantalite deposit grading up to 50% Ta;O, 
in the Tantalite Valley area of southern 
Namibia. Joint venture partners are being 
sought to establish a mine at the pegmatite 
deposit, which is under claim to Natresco. 

Nigeria.—Production of columbite, as a 
byproduct of tin mining reported by the 
group of Amalgamated Tin Mines of Niger- 
ia (Holdings) Ltd. (ATMN), Bisichi-Jantar 
Nigeria Ltd., Gold & Base Metal Mines of 
Nigeria Ltd., and Vectis Tin Mines Ltd., 
continued to fall with a combined output of 
121 tons compared with 182 tons in 1982. 
ATMN accounted for over 8596 of produc- 
tion with the rest coming from Bisichi- 
Jantar. 

The Government was considering a plan 
to bring the country's five major tin-pro- 
ducing firms under a new holding company 
in hopes of reviving its tin-mining industry. 
The Nigerian Mining Corp. would own 60% 
of the new company, the Nigerian Tin 
Mining Co. (NTMC). However, there. was 
opposition to forming NTMC based on the 
high cost of investing in deep mine develop- 
ment and Nigeria's low tin export quota. 
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Thailand.—Columbite-tantalite produc- 
tion increased more than tenfold, and stru- 
verite production was up to 303 tons from 11 
tons in 1982. Thailand’s Department of 
Mineral Resources was reported to be un- 
dertaking a series of projects involving the 
development of the country’s mineral re- 
sources including both onshore and offshore 
surveys to determine tantalite and tin de- 
posits. 

The Thailand Tantalum Industry Corp. 
Ltd. (TTIC) was granted a loan of $53.5 
million from the International Finance 
Corp., an affiliate of the World Bank, to 
construct a tantalum processing facility at 
Phuket. TTIC plans include a smelter for 
upgrading low- and medium-grade tin slags 
and a chemical plant for processing tanta- 
lum-bearing ores, high-grade tin slags, and 
upgraded materials from the smelter. The 
plant’s eventual annual capacity was pro- 
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jected at levels up to 700,000 pounds of 
Ta;O,. Once operational, the plant is to 
have first access to all tin slags produced in 
Thailand. Early in the year, the Thailand 
Smelting and Refining Co. Ltd. (Thaisarco) 
abandoned its policy of paying miners for 
the tantalum content in tin concentrates. 
The payments started in 1980 when tanta- 
lum prices were at peak levels. Later in the 
year, Thaisarco’s smelter was reported to be 
operating at less than one-half capacity 
owing to a shortfall in tin concentrates. 
Zaire.—The French Coframines indicated 
plans to bring its mining project, Société 
Miniére de Kania (Somika), into operation 
by yearend. Somika, a joint venture of 
Coframines (80%) and the Government of 
Zaire (20%), was located at Kania, in Zaire's 
Shaba Province. Tin was the dominant 
metal with tantalum as the byproduct. 


TECHNOLOGY 


The status of columbium (niobium) tech- 
nology was reviewed in a comprehensive 
treatise entitled “Niobium, Proceedings of 
the International Symposium.”” The review 
covered geology and mineralogy, mining, 
extraction and purification, properties of 
the metal and alloys, use in HSLA steels, 
applications, and future prospects. 

The use of 0.04% columbium to strength- 
en 0.04% carbon steels was effective in 
achieving strengths in the range of 310 to 
1,000 megapascals with adequate ductility 
to form moderately drawn shapes. The com- 
bination of strength and ductility is aided 
by low-residual elements in a vacuum de- 
gassed aluminum-killed, low-carbon steel.: 
In another review, the role that columbium 
and other alloying elements have played in 
the development of stronger and tougher 
steels was discussed.? 

A superconducting generator was success- 
fully tested by the General Electric Co., 
which the company termed a milestone 
accomplishment in ultralow-temperature 
research. Coils carrying an electric current 
to produce a magnetic field are made of a 
columbium-titanium alloy. At temperatures 


near absolute zero, the coils have almost no 
electrical resistance. The technology, if 
successfully applied commercially, would 
improve the efficiency of electrical genera- 
tors and reduce fuel and construction costs 
for utilities.!? 


! Physical scientist, Division of Ferrous Metals. 
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Copper 


By J. L. W. Jolly! and D. L. Edelstein! 


The depressed state of the U.S. copper 
mining industry continued in 1983. Increas- 
ed imports of low-priced copper and the 
consequent increased domestic inventories 
and depressed prices resulted in the closure 
of several domestic mines. At yearend, 12 of 
the top 25 mines in operation in 1981 were 
closed in addition to 5 smaller mines. The 
industry reported domestic operating losses 


of $318 million—an improvement compared 
with the 1982 net loss of $515 million.? The 
domestic economy and copper demand im- 
proved toward yearend, and the excess cop- 
per stocks were beginning to decline. How- 
ever, the economies of several of the more 
important copper consuming countries re- 
mained depressed, or were recovering at a 
much slower pace than that of the United 


Table 1.—Salient copper statistics 


1979 1980 1981 1982 1983 
United States: 
Ore produced ____ thousand metric tons... 277,532 221,597 277,674 181,944 177,993 
Average yield of copper |... percent_ _ 0.47 10.48 0.51 0.55 0.51 
Primary (new) copper produced: 
From domestic ores, as reported by: 
Mines __________ metric tons_ _ 11,446,586 1,181,116 1,538,160 71,146,975 1,038,098 
Value_________ thousands. _ ™$2,966,891 $2,666,931 $2,886,440 "$1,840,856 $1,751,476 
Smelters_________ metric tons_ _ 1,313,224 994,479 1,294,962 40,547 88,130 
Percent of world total _______ 16 13 16 111 11 
Refineries________ metric tons... 71,412,797 1,126,231 1,430,210 71,064,533 1,003,668 
From foreign ores, matte, etc., as reported 
by refineries____________ Oi ice 103,858 88,957 113,807 162,245 178,422 
Total new refined, domestic and 
foreign... do... 11,516,655 71,215,188 1,544,017 71,226,778 1,182,090 
Secondary copper recovered from old 
scrap Only = nuucocl o do... 604,301 613,458 598,122 517,726 455,153 
Exports: Refined `. do... 13,611 14,489 24,397 30,558 81,397 
Imports for consumption: 
Unmanufactured |... _ do____ 281,584 547,006 429,601 505,986 643,511 
Refined . oo do____ 203,855 426,948 330,625 258,439 459,568 
Stocks, Dec. 31: Producers: 
Refined (primary producers) __——do___ — 64,000 49,000 151,000 268,000 154,000 
Blister and materials in solution . do. _ _ _ 275,000 272,000 277,000 233,000 174,000 
Total re a do... 339,000 321,000 428,000 501,000 328,000 
Consumption: 
Refined copper- ----------- do- ___ 2,158,442 1,862,096 2,025,169 1,658,142 1,767,469 
Apparent consumption, primary and old 
copper (old scrap only) _ _ _ — __ do____ 72,432,000 — 72,175,000 — 72,278,000 71,760,000 ` 2,020,000 
Price: Weighted average, cathode, cents per 
und 0x2 2e EE 92.19 101.31 84.21 12.80 16.53 
World: 
Production: 
Mine... thousand metric tons. — 77,691 "7739 8,191 P8,072 *8,027 
Smelter.. cenn Lc clos ac do- _ __ ™8,014 7,946 8,346 P8,281 “8,304 
Price: London, high-grade, average cents per 
pound n aui eC eU. 90.07 99.25 179.35 "67.14 12.13 
“Estimated. Preliminary. ‘Revised. 


1Based on Jan.-Nov. monthly averages. 
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States, with the result that world demand 
for refined copper continued to decline. 
Western World consumption was down to 
6.7 million metric tons in 1983 compared 
with 7.5 million tons in 1979.3 As a conse- 
quence, the excess supply of copper in the 
world was sold in U.S. markets, which in 
1983 accounted for about 27% of Western 
World consumption. 

Refined copper production in the Western 
World continued more or less unabated, 
reaching a near-record-high level of 7.3 
million tons. Countries reporting significant 
increases in refined copper production were 
Australia, Canada, Finland, the Federal 
Republic of Germany, Japan, the Republic 
of Korea, the Republic of South Africa, and 
the United Kingdom. Oman and the Philip- 
pines were new producers with a first-time 
refined copper production during the year. 
Among the producers of refined copper 
experiencing cutbacks in production were 
Chile, Peru, Spain, the United States, and 
Zambia. World copper mine production also 
continued at high rates, decreasing only 
marginally, largely the result of cutbacks at 
mines in the United States and Canada. 

Issues of concern and debate for the U.S. 
copper industry during the year included 
the influences of foreign production subsi- 
dization, development bank and Interna- 
tional Monetary Fund (IMF) loans, deval- 
uation of foreign currencies, continued ex- 
pansion of foreign copper producing facili- 
ties, and the high rates of production in the 
major producing countries. In addition, do- 
mestic factors such as the influence of a 
strong dollar on exports and imports, high 
interest rates, low prices for byproduct met- 
als, the renegotiation of labor contracts, and 
continued expenses required by environ- 
mental constraints at smelters were also of 
considerable concern. Foreign producers 
were charging that the U.S. industry was 
simply noncompetitive because of low ore 
grades, high wages, and inefficient plant 
and equipment. The U.S. producers main- 
tained that ore grade was not an issue since 
the U.S. ore grades had not changed meas- 
ureably over the past 10 years or so. The 
United States still had a large share of 
world reserves of recoverable copper at 
similar grades. The average ore grades of 
several of the larger foreign competitors, on 
the other hand, were expected to decrease 
measureably in the near future for geologi- 
cal reasons. 

An analysis of 72 domestic copper depos- 
its, 92 of which were producing mines, 
indicated the United States had recoverable 
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resources totaling 66 million tons of copper, 
or 20.1% of the Western World resources of 
potentially recoverable copper using cur- 
rent extraction technology. Only Chile, with 
26% of the total, had recoverable copper 
resources larger than that of the United 
States. The average ore grade for the 72 
U.S. deposits was 0.66% copper, compar- 
ed with a world average of 0.83% copper.‘ 

Domestic Data Coverage.—Domestic pro- 
duction data for copper are developed by the 
Bureau of Mines from seven separate, vol- 
untary surveys of U.S. operations. Typical 
of these surveys is the mine production 
survey. Of the 105 operations to which a 
survey request was sent, 54% responded, 
representing an estimated 99.98% of the 
total mine production. Production for the 
remaining 48 companies was estimated us- 
ing data reported in other surveys. 

Legislation and Government Pro- 
grams.—Signed into law at yearend, Public 
Law 98-181, entitled “Supplemental Ap- 
propriations—Fiscal Year 1984," increased 
the U.S. contribution to the IMF, in addi- 
tion to requiring that detailed economic 
feasibility evaluations be made for develop- 
ment bank loans for foreign mining and 
mineral processing operations that cost 
more than $20 million. The evaluation must 
take into account a project’s impact on 
world markets and its effect on the overall 
long-term development of the country in 
which it is located. The new law also requir- 
ed withholding of funds intended for proj- 
ects that would enable a country to produce 
commodities, such as copper or steel, that 
are in surplus on world markets when such 
production would cause “material injury" 
to U.S. producers of those materials. Fed- 
eral agencies with bank supervisory respon- 
sibilities (i.e., Federal Reserve Board, Comp- 
troller of the Currency, and the Federal 
Deposit Insurance Corp.) were instructed to 
carry out the law’s requirements by pre- 
scribing regulations or issuing orders. The 
U.S. Department of the Treasury was re- 
quired to make an annual report to the U.S. 
Congress on all requests for project loans 
that would cause material injury to U.S. 
producers. Also included in the legislation 
was an extension of an authorization for the 
Export-Import Bank (EXIM Bank) for 3 
years to September 30, 1986. 

The Administration was placing a greater 
emphasis on economic and financial factors 
when evaluating multilateral development 
bank (MDB) loan proposals, including those 
in the mining sector.’ Within the Working 
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Group on Multilateral Aid, the Department 
of the Treasury worked during the year 
with other agencies, including the US 
Department of State, U.S. Department of 
Commerce, U.S. Department of the Interior, 
EXIM Bank, the Federal Reserve, and oth- 
ers in reviewing all MDB loan proposals 
when they were brought to the boards of 
banks in which the United States was an 
important shareholder. The United States 
was a voting and capital shareholder in the 
International Bank for Reconstruction and 
Development (World Bank) (capital share 
22.4% and voting share 21%); International 
Development Association (capital share 
33.1% and voting share 19%); the Interna- 
tional Finance Corp. (IFC) (capital share 
31.7% and voting share 31.7%); the Inter- 
American Development Bank (IDB) (capital 
share 35% and voting share 35%); and the 
IMF (capital share 20.65% and voting share 
19.6%).* Since 1981, there were five loans 
considered solely for copper mining by the 
MDB’s, one of which was canceled (the IFC 
loan for the Cananea, Mexico, project for 
$50 million). In 1983, the United States 
opposed two of four remaining loans, but 
both were passed. The first was the $268 
million IDB loan to Chile in November 
1983, and the second was the $75 million 
World Bank loan to Zambia that was to be 
granted in early 1984. 

On June 11, 1983, acting under a deadline 
imposed by a New York district court in 
January, the Environmental Protection 
Agency (EPA) proposed regulations gov- 
erning arsenic emissions from industrial 
sources. Included in the source categories 
for which regulations were proposed were 
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copper smelters processing high-arsenic 
feed materials, containing 0.7% or greater 
arsenic, and smelters processing low-arsenic 
feed materials, containing less than 0.7% 
arsenic. The proposed regulations would 
require additional emissions controls at six 
copper smelters processing low-arsenic feed 
materials and ASARCO Incorporated’s Ta- 
coma, WA, smelter, the only smelter that 
processes high-arsenic feed materials. 

The proposed regulations, which stress 
the use of best available technology, would 
require the installation of horizontal air- 
curtain hoods at the Tacoma smelter to 
capture fugitive emissions from converter 
operations. According to EPA estimates, the 
regulations would reduce fugitive ground- 
level emissions, which were thought by 
EPA to pose the greater risk to public 
health, by 82%. EPA estimated the capital 
cost of controls to be $35 million and the 
annualized cost to be $1.5 million. At low- 
arsenic smelters, the proposed regulations 
would require emissions control for convert- 
ers that process 6.5 kilograms or more of 
arsenic per hour and control of matte and 
slag topping operations from smelting fur- 
naces processing 40 kilograms or more of 
arsenic per hour. The regulations were 
expected to reduce fugitive emissions for all 
low-arsenic smelters by 54%, at an esti- 
mated capital cost of $35.3 million and an 
annualized cost of $9.5 million.’ 

The EPA held hearings in Tacoma, WA, 
and Washington, DC, to take testimony on 
the proposed regulations. Public debate fo- 
cused on EPA exposure models, emissions 
estimates, and health risk assessment, par- 
ticularly in regard to the Tacoma smelter. 
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Mine Production.—Although some mines 
reopened in early 1983 in response to the 
brief price recovery, it became apparent 
by yearend that production would not 
reach even the recessionary levels of 1982. 
Twenty-eight mines, where copper was the 
principal metal recovered, accounted for 
97% of the total production. Seventy-seven 
mines, where copper was produced as a 
coproduct or byproduct of silver, tungsten, 
molybdenum, lead, zinc, or sulfur mining, 
accounted for the other 3% of production. 
There were 18 mines producing either pre- 
cipitate or electrowon copper from dump 
leaching, in situ leaching, or vat-leaching 
operations. Precipitate capacity at 13 mines 


was 136,000 tons; electrowon capacity at 10 
plants was 189,200 tons. Of the electrowon 
capacity, 65,000 tons at two plants was shut 
down all year. Precipitate production also 
ceased at Anaconda Minerals Co.’s Montana 
operation during the year. 

Of the total available copper mine capaci- 
ty operational in 1981, including byproduct 
mines, 23 mines with 750,000 tons of con- 
tained copper capacity per year were shut 
in 1983. In addition, about 150,000 tons of 
capacity at 21 smaller mines had been shut 
since the middle 1970’s, making a total of 
900,000 tons of capacity shut permanently 
or idled within the past 10 years. 
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Operator and mine 


Capacity: 

Anaconda Minerals Co.: 
Twin Buttes, AZ ` ` 
Arbiter, MT_____ 

Amoco Minerals Co.: 
E Bagdad, AZ 

st Corp. Johnson, AZ 

Duval 


Noranda Mines Ltd. 
(Hecla Mining Co.): 
keshore, AZ _ _ _ 
gar cies to Consolidated 


lat nspiration, AZ... 
Kennecott: 

Ray Mine, AZ. -_ _ 
Newmont Mining Corp.: 

Pinto Valley, AZ_ _ 

Miami Leach, AZ _ 
Ranchers Exploration 

anc Development 


CT AZ _._ 


Production... 
Percent of capacity - - - — — 


1Closed. 


1974 
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1975 


Table 2.—Electrowinning capacity at U.S. mines 


1976 1977 1978 1979  /1980 1981 
33,000 33,000 33,000 33,000 33,000 33,000 
14,500 14,500 A me Säi e 
6,800 6,800 6,800 6,800 6,800 6,800 
5,400 5,400 5, 400 5,400 5,400 5,400 
aks -— 29,000 29,000 36,000 36,000 
a2 -- 2,000 5,000 5,000 5,000 
18,000 18,000 18,000 18,000 18,000 18,000 
4,900 4,500 4,500 4,500 18,000 42,000 
18,000 18,000 23,600 23,600 23,600 23,600 
EN" — — -- 8,000 8,000 
6,000 6,000 6,000 6,000 6,000 6,000 

7,300 7,300 7,300 7,800 7,300 

113,500 113,500 135,600 138,600 167,100 191,100 
ech SC 98,416 100,134 xL Wen 


1982 


33,000 


6,800 
5,400 


36,000 
5,000 


18,000 


42,000 
29,000 


8,000 
6,000 


$ ? , , , T ,300 , 


7,300 


196,500 
131,858 
67 


Table 3.—Average number of copper industry workers in the United States, 


State 


Mines and mills: 


Nevada — hanes 


Total 
Smelters and refineries .... 


Grand total. 


1974 


36,182 
18,100 


54,282 


1975 


31,129 
16,500 


47,629 


1976 


17,579 


44,263 


1977 


16,914 


42,463 


1978 


4 
14,662 


2 

49 

996 

1,279 
86 

2,224 


26,695 
15,000 


41,695 


including office workers, by State 


1979 


43,810 


1980 


40,526 


1981 


44,610 


1982 


1983 


33,000 


6,800 
5,400 


36,000 
5,000 


18,000 


42,000 
29,000 


8,000 
6,000 


(*) 


189,200 
101,935 
54 


1983 


Sources: Bureau of Labor Statistics and Mine Safety and Health Administration. 
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In the 1983 round of wage negotiations, 
most labor contracts settled included a 
freeze in basic wages but retained a cost-of- 
living allowance (COLA). Kennecott was the 
first to settle early in April, but Phelps 
Dodge Corp. sought wage reductions in 
addition to the elimination of the COLA; 
some other companies followed suit later in 
the year. As a result, some contracts were 
left unsettled at yearend, even though 
many of the workers had returned to the 
job. At yearend, labor unions and compa- 
nies were returning to the negotiating table 
to work out agreements, as it became appar- 
ent that market conditions were not im- 
proving rapidly. 

The impact of mine and plant closures, in 
addition to a reduction of the number of 
employees used per plant and mine in the 
past 10 years, was severe. At the mine and 
mill level, a 60% drop in employment oc- 
curred in the 1974-83 period, with the most 
significant impact in the last 2 years. The 
number of employees per ton of copper 
produced decreased from 0.025 in 1974 to 
0.014 in 1988, a 44% reduction in the 
number of employees required to produce a 
ton of copper. 

The high wages paid to U.S. copper work- 
ers were an issue of debate during the 
year. Both producers and industry analysts 
were examining the issue as it related to the 
production and competitiveness of U.S. cop- 
per mines. According to the Phelps Dodge 
1983 Annual Report,* in the years 1972-82, 
wage rates increased an average of 12% per 
year while copper prices increased an aver- 
age of only 3.5% per year. Another source? 
indicated that wages in the domestic copper 
industry rose from 8% above the national 
average in 1950 to 14% above the national 
average in 1969, and then to 50% above the 
national average in 1983. In large part, 
these wage increases had been offset by 
increased productivity in terms of physical 
product. 

On June 30, Anaconda, citing weekly 
losses of $1 million, laid off the last 700 
workers of a onetime work force of thou- 
sands at the 1.5-mile-wide, 1,300-foot-deep 
Berkeley Pit in Butte, MT. The company 
emphasized that this was a suspension of 
mining and not a permanent shutdown. 
Some 50 to 70 employees were retained to 
ensure a state of readiness for future re- 
opening of the mine, should the copper 
market improve. The company contemplat- 
ed that local mining could again become 
profitable with a new labor contract and 
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with improved processing methods, such as 
a new crushing system at the concentrator. 
To continue mining in the East Berkeley 
Pit, much overburden would have had to be 
stripped, contributing to higher costs. The 
company also cited high freight charges, a 
43% increase in electricity rates by the 
State Public Service Commission, and an 
increase in State property taxes as reasons 
for the increased noncompetitiveness of its 
copper mining operations at Butte. The 
company claimed Montana’s mining tax 
was the highest among six Western States. 
Mining costs were reported by Anaconda to 
be about $1.25 per pound of copper when the 
mine closed. 

Flooding of the Butte underground mines 
was complete by November, and water had 
started to rise in the Berkeley Pit. At the 
expected rate of rise, an estimated 40 years 
would be required to fill the pit with water. 
The potential for ground water contamina- 
tion was the subject of debate in 1983, and 
Anaconda proposed to pump excess water 
from the pit and treat it with lime to 
neutralize acidity. The Montana Bureau of 
Mines and Geology cooperated with the U.S. 
Geological Survey, the Montana Depart- 
ment of State Lands, and Anaconda to 
monitor water around the Berkeley Pit and 
seven mine shafts. The State legislature 
granted the Montana Bureau of Mines 
$60,000, to be added to $30,000 already 
appropriated, to drill more monitor wells 
close to Silver Bow Creek to determine 
changes in ground water condition. 

In March, Anaconda bought out Martin 
Marietta Corp.'s 33.8% share in the Greens 
Creek polymetallic deposit on Admiralty 
Island in southeast Alaska. Estimated re- 
serves at Greens Creek totaled 3.6 million 
tons of ore having an average grade of 13 
troy ounces of silver per ton, 2.5% lead, 
7.5% zinc, 0.1 ounce of gold per ton, and 
0.4% copper. The deposit was to be mined 
primarily for silver. Noranda Mines Ltd., 
with 33.8% of the mine, became operator of 
the project in January 1981. Production was 
expected to begin as early as 1985. 

Anaconda, in 1983, attempted to divest 
itself of its one-half interest in the Anamax 
Mining Co. to comply with a 1977 order 
from the Federal Trade Commission. Ana- 
conda was ordered to effect the divestiture 
when it merged with Atlantic Richfield Co. 
Anamax is a joint venture with AMAX 
Copper Inc., which operated the Twin 
Buttes Mine, and with Asarco, the nearby 
Palo Verde (Eisenhower) Mine, in Ari- 
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zona. The Twin Buttes Mine was closed at 
the end of January, except for the electro- 
winning plant, which continued to operate 
until October from stockpiled oxide ore. 
Anamax also continued to mill its portion of 
the ore from the Palo Verde open pit until a 
labor strike occurred in August that conti- 
nued through yearend. Following the an- 
nouncement of the Anamax strike, a force 
majeure was declared on receiving ore ship- 
ments from Palo Verde. Asarco laid off 45 
production workers at Palo Verde, but min- 
ing continued there at a reduced rate. Both 
AMAX and Anaconda had to suspend ship- 
ments of concentrates to their overseas 
buyers. 

AMAX reported a net loss from both 
foreign and domestic operations of $489 
million in 1983, up nearly $100 million from 
the $390 million loss reported for 1982. 
These losses included write-downs of $65 
million of its investments in Anamax and of 
$30 million in its secondary copper refinery 
at Carteret, NJ. 

According to Asarco’s annual report for 
1983, net earnings were $58.3 million, com- 
pared with a loss in 1982 of $38.7 million. 
Higher prices during the first part of the 
year were in part responsible for the im- 
provement. The cost-cutting measures tak- 
en in 1982, including the shutdown or 
selling of money-losing operations, reducing 
employment, and increasing productivity, 
contributed an estimated $40 million to the 
improved 1983 results. Average employ- 
ment was 21% lower than in 1981. The 
improved conditions prompted the reopen- 
ing of Asarco's Silver Bell Mine in Arizona 
in September; it had been closed since 
December 1981. Output from the Silver Bel] 
was intended to offset loss of production 
from the Sacaton open pit, scheduled to 
shut down in early 1984. Planned develop- 
ment of an underground mine at Sacaton 
was postponed indefinitely. Asarco signed a 
new labor contract effective July 1, 1983, 
providing for COLA retention but no in- 
crease in wages, and for reductions in the 
costs of certain benefit programs. Asarco 
suspended stripping at its Mission Mine, in 
Arizona, and laid off 120 workers in October 
as copper prices continued to deteriorate. 

Duval Corp., a subsidiary of Pennzoil Co. 
Inc., succeeded in cutting its losses from 
copper mining in half during the first 9 
months of 1983, compared with that of the 
same period in 1982. At the Sierrita pit, 
operational cost savings of 29 cents for each 
ton of ore processed were being realized 
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through the portable crushing system and 
an average truck fleet reduction of 37%. 
More efficient mining and smelting proc- 
esses instituted over the next few years 
were expected to lower Duval’s cost to mine 
even lower, by several cents per pound. 
Higher prices for its byproducts, such as 
molybdenum, gold, and silver, were also 
expected to help. 

Duval’s contract with labor unions expir- 
ed on September 30. The union workers 
went out on strike, but operations at Sierri- 
ta continued, utilizing supervisory person- 
nel. After a few days, most of the striking 
employees returned to work even though 
the unions were technically on strike. By 
October 4, two unions had agreed to the 
company’s proposal for elimination of the 
COLA and for a 3-year wage freeze. A 
separate contract was being negotiated for 
the Mineral Park Mine, which had remain- 
ed closed since December 15, 1981. The 
company recognized that if Mineral Park 
reopened, it would be operated primarily as 
a molybdenum mine. The Esperanza Mine 
also remained closed in 1983, except for 
some production of precipitate copper. 

Kennecott reported losses of $91 million, 
with $25 million of that lost in the fourth 
quarter; even so, it was an improvement 
over the $189 million loss in 1982. Kenne- 
cott sought two tax relief measures from the 
State of Utah, one of which was approved. It 
granted mining companies a 5-year exemp- 
tion from sales and use taxes on equipment, 
materials, and supplies used for moderni- 
zation and expansion. Kennecott estimated 
that this tax relief would save about $13 
million of its proposed $400 million expendi- 
tures for modernization of the transporta- 
tion system at the Bingham Canyon Mine. 
The company proposed to eliminate in-pit 
rail haulage, establish an in-pit crushing 
system, and remove ore and waste with 
conveyors. Phase one of Kennecott's plans 
to convert in-pit ore haulage from rail to 
truck started in May, with the transfer of 
four 170-ton trucks from the Ray Mine, in 
Arizona, to Bingham Canyon. Cost savings 
were expected to arise from elimination of 
the need to maintain and move the 95 miles 
of train track within the mine, and from 
greater flexibility in mining operation and 
design. Kennecott employed 4,700 workers 
in 1983, compared with 7,300 3 years pre- 
viously. 

The Kennecott North Ore Shoot Exten- 
sion ore body was under development, with 
production scheduled for 1988. The skarn- 
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type deposit was located near the Bingham 
Canyon pit and had estimated reserves of 95 
million tons of 2% copper ore. The depos- 
it lies beneath the eastern flank of the 
Oquirrh Mountains within two altered 
limestone units, northeastward on the flank 
of the Bingham quartz monzonite, within 
which the Bingham Canyon ore deposit is 
located. It was being developed as an under- 
ground mine independent of the pit, and the 
ore was to be processed in a different mill, 
to be located at the site of the Bonneville 
mill at Magna, UT. Production at Kenne- 
cott's Ray Mines Div. in Arizona, which had 
been closed since May 1982, was resumed in 
August 1983. This was made feasible by 
arranging to have Asarco smelt Ray's con- 
centrates, instead of firing up Ray's own 
Hayden smelter. The electrowinning plant 
at the Ray Mine remained closed all year. 
Chino Mines Co., a partnership between 
Kennecott and Mitsubishi Corp. of Japan, 
was stockpiling excess copper concentrate 
in a new $5 million blending shed and in 
covered piles outside of the new concentra- 
tor in readiness for completion of the new 
flash furnace smelter. The new $280 million 
concentrator and a conveyor system from 
the pit, which replaced a more costly truck 
‘and rail haulage system, were completed in 
1982. The new plant resulted in a reduction 
of operating costs by about 31 cents per 
pound, according to the Standard Oil Co. of 
Ohio 1983 Annual Report. At the New 
Mexico open pit, Chino added 11 new 170- 
ton trucks, increasing the fleet to 34, and 
was gradually replacing 17 of its smaller 
150-ton trucks. Plans called for computeriz- 
ing control of trucks and shovels in order to 
increase productivity by a minimum of 8%; 
a computerized truck system was to be in 
use by yearend 1984. Chino recalled 20 
workers in July 1983 to speed up stripping 
at the mine to expose additional ore for 
milling. The increase brought the total 
number of employees to about 1,205. At 
yearend, Chino was shipping some concen- 
trates to Kennecott’s Utah Div. for process- 
ing. Beginning September 1, Chino also 
shipped about 14,500 tons to California 
ports for routing to Mitsubishi’s Naoshima 
smelter in Japan. The average grade being 
mined at the Chino pit was 0.84% copper, 
with a cutoff grade of 0.60% copper. 
Newmont Mining Corp. completed its ac- 
quisition, for $75 million, of Cities Service 
Co.’s Arizona copper operations in March. 
These included the Pinto Valley surface 
mine, which remained closed throughout 
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the year, and the Miami East underground 
mine. In late 1983, Newmont arranged for 
cancellation of Pinto Valley’s toll smelting 
contract with Inspiration Consolidated Cop- 
per Co. and anticipated possible opening of 
the Pinto Valley Mine in 1984, with deliv- 
ery of concentrates to Newmont’s San Man- 
uel, AZ, smelter. At yearend 1983, Pinto 
Valley’s reserves were 349 million tons of 
0.50% copper. At Miami East, development 
of a new ore body of 5.4 million tons, 
averaging 3.14% copper, was virtually com- 
plete. Miami East remained closed but had 
a planned annual capacity of 12,000 tons of 
contained copper in ore. The two solvent- 
extraction-electrowinning plants at Miami, 
AZ, one processing copper leached from old 
Pinto Valley dumps and the other from an 
in situ underground leach operation at 
Miami, operated throughout the year. 

Magma Copper Co.’s underground mine 
near Superior, AZ, remained closed, but its 
San Manuel, AZ, open pit operated through 
the year on a curtailed basis. According to 
the company’s 1983 annual report, the San 
Manuel Mine operated at 83% of capacity, 
producing 16.6 million tons of ore at an 
average grade of 0.64% copper. A major 
research project was initiated to recover 
copper from oxide ores that overlie the 
sulfides at San Manuel. At yearend, esti- 
mated reserves at the San Manuel and 
Kalamazoo ore bodies were 620 million tons, 
averaging 0.70% copper. At Superior, esti- 
mated reserves were reported as 4 million 
tons averaging 5.69% copper.!? 

At midyear, the Newmont subsidiaries, 
Magma and Pinto Valley Copper Corp., 
signed labor contracts for 3 years, reducing 
some fringe benefits and limiting wage 
increases solely to COLA. Magma sustained 
a loss of $28.6 million and Pinto Valley 
Copper a loss of $1.1 million in 1983. New- 
mont also had losses at some of its overseas 
copper investments, such as at O'okiep and 
Tsumeb, but continued to make some profit 
from its 28.6% share of the Palabora copper 
mine and from its 10.7% investment in the 
Southern Peru Copper Corp. (SPCC). 

Noranda Lakeshore Mines Inc., a division 
of Noranda Mines Ltd. of Toronto, Canada, 
operated its underground Lakeshore Mine 
at Casa Grande, AZ, through most of 1983, 
with a reported production of 17,000 tons 
of copper.! At yearend, the company an- 
nounced its intention to close the under- 
ground mine and the vat-leaching oper- 
ation, and to concentrate on in situ leaching 
of the low-grade copper oxide ore body at 
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the mine. Closing the mine and the vat- 
leaching operation resulted in the layoff of 
250 of the 400 workers at the mine. The in 
situ operation at the 1,100-foot level of the 
mine was phased in and operated concur- 
rently with conventional mining on the 900- 
foot level near yearend, when problems 
encountered with the Lakeshore fault in the 
mine caused mining costs to escalate. The 
underground mine was to be maintained, 
however, and reopened if prices recovered 
sufficiently. 

At the beginning of 1983, Phelps Dodge’s 
copper mining was curtailed, with only the 
Morenci-Metcalf open pits of Arizona in 
operation, but the New Cornelia Mine at 
Ajo, AZ, was reopened on February 28, and 
the Tyrone Mine in New Mexico on May 2, 
prompted by the price improvements of 
early 1983. All had been shut since April 
1982. A small amount of precipitates contin- 
ued to be produced at the Copper Queen 
Mine from the Lavender pit dumps. As a 
consequence, the Primary Metals Div. of 
Phelps Dodge reported profits of $7.6 mil- 
lion in the first half of 1983, but lost $27.3 
million in the third quarter because of 
lower copper prices and a strike that began 
on July 1, following expiration of labor 
agreements at the Arizona operations and 
the El Paso, TX, refinery. Although Moren- 
ci was shut for 10 days during August 
because of the strike, Phelps Dodge contin- 
ued to operate throughout the year using 
nonunion workers. The economic impact of 
the strike, which remained unsettled at 
yearend, on the company’s operations was 
minimal. According to the company’s 1983 
annual report, copper production was 
238,600 tons, or about 80% of capacity, 
compared with 136,078 tons in 1982. 

Phelps Dodge continued to work on prior- 
ity goals that included improvement of 
production costs, reduction of debt, and 
development of a broader product mix of 
metals and minerals. Production was man- 
aged for cash flow, with cash losses reported 
at yearend less than the cash drain in- 
curred during shutdown. Phelps Dodge had 
a net loss of $63.5 million, a small improve- 
ment over the 1982 net loss of $74.3 million. 
As the company’s debt was reduced, avail- 
able capital spending was directed toward 
lowering costs. One notable project was the 
construction of a new 15,000-ton-per-year, 
solvent-extraction-electrowinning plant at 
the Tyrone Mine. Moves were also made to 
further control mine design and efficiency 
and work force and equipment costs. Other 
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cost-cutting examples given were the sus- 
pension and redesign of mining in the 
Metcalf pit when the adjacent Morenci 
Mine was sufficiently developed to feed both 
concentrators; expansion of dump leaching 
at Morenci; addition of a molybdenum re- 
covery unit at Ajo and reactivation of the 
recovery unit at Morenci; installation of 
computerized truck dispatching at Tyrone; 
use of larger flotation cells at the Ajo and 
Morenci concentrators; use of precious 
metals-bearing fluxes instead of barren ores 
at smelters; and the use of coal instead of 
fuel oil at the Hildalgo flash smelter. The 
company trimmed the work force to about 
70% of the personnel in place before the 
April shutdowns. At yearend, the Morenci 
and Metcalf pits were being operated as an 
integrated mining unit. 

According to the company’s annual re- 
port, copper ore reserves at Phelps Dodge’s 
U.S. mines totaled 1.5 billion tons, with an 
average weighted ore grade of 0.75% cop- 
per. This did not include the Phelps Dodge 
Copper Basin property southwest of Pres- 
cott, AZ, which contains 159 million tons 
averaging 0.55% copper and 0.021% molyb- 
denum. In addition, the Western Copper 
property purchased in 1981 adjoining the 
Morenci-Metcalf Mines was estimated to 
contain 167 million tons of copper-bearing 
material, with an estimated grade of about 
0.64% copper. 

Ranchers Exploration and Development 
Corp. closed the solvent-extraction-elec- 
trowinning plant at the Bluebird Mine, Gila 
County, AZ, in October 1982, but in 1983 
was considering converting the site to an in 
situ leach operation. After fracturing the 
underground ore and treatment with sulfu- 
ric acid, the copper-bearing liquid would be 
collected through bore holes and pumped to 
the existing electrowinning plant for cath- 
ode production. The plant had a capacity of 
1,200 annual tons of copper cathode when it 
was operating. À pilot operation for the in 
Situ recovery would be required first, and 
full-scale production was scheduled to begin 
in 1985. 

Smelter Production.—U.S. smelter pro- 
duction decreased again in 1983, to a level 
that was about 32% lower than the peak 
reached in 1979. At yearend, 5 of the 15 
primary smelters were closed. In addition, 
operation of the AMAX smelter complex at 
Carteret, NJ, was severely curtailed and 
limited to processing copper scrap. The 
Inspiration smelter was shut temporarily 
for repairs. Expenditures required for com- 
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pliance with environmental regulations and 
a general shortage of concentrates caused 
by mine closures and realinement of con- 
tracts continued to be notable problems for 
most of the plants. 

Competition for the shrinking U.S. fire- 
refined market was also an issue as U.S. 
producers of primary copper worried that 
the increased production of blister and fire- 
refined copper from planned smelter expan- 
sions in both Chile and Mexico would find 
its way into U.S. markets. The U.S. con- 
sumption of fire-refined copper (slab, cake, 
billet, and ingot sector) was about 15% of 
total refined consumption, or about 270,300 
tons, in 1983; this compared with 23%, or 
about 505,000 tons, in 1970. Chile was a 
major supplier for the fire-refined market, 
with an installed capacity of about 150,000 
tons. Kennecott's Chino smelter in New 
Mexico was a producer of fire-refined ingot, 
and although the White Pine plant in 
Michigan and the AMAX plant in Carteret, 
NJ, also had been major producers of prima- 
ry fire-refined ingot, neither plant had pro- 
duced fire-refined ingot in significant quan- 
tities in recent years. In addition, the sec- 
ondary plants of the Essex Group, Reading 
Metals Refining Co., Nassau Recycle Corp., 
Cerro Copper Products Co., Thermal Reduc- 
tion Corp., the Metal Bank of America Inc., 
General Cable Co. (H. R. Metals), and others 
also produced fire-refined copper, mostly for 
internal use. Fire-refined copper comprised 
between 4% and 8% of primary domestic 
refined production in recent years. 

Cleveland Wrecking Co. purchased all the 
property, fixtures, improvements, and other 
property excluding real property, at the 
Anaconda smelter in October 1982. Included 
in that sale were concentrate and residual 
materials in various furnace and roaster 
bottoms. A contract was given to U.S. Indus- 
trial Metals Corp. to construct a processing 
plant to treat the estimated 236,000 tons of 
flue dust containing high levels of arsenic 
and other contaminants left at the Anacon- 
da smelter site. By yearend 1983, however, 
labor and environmental problems were 
such that progress on the U.S. Industrial 
flue dust project was stalled. In October, 
two on-site monitors went to work at the 
Anaconda smelter site with funding obtain- 
ed from the EPA for pollution cleanup. 

Construction of the new Inco oxygen fur- 
nace at Hayden was completed by Asarco on 
schedule under the $132.6 million budget 
slated for the project. One of the two rever- 
beratory furnaces had been shut down and 
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dismantled in late 1982 to make way for the 
new furnace. The new furnace, monitored 
by a complex computerized system, was 
started up in November and was expected 
to be fully operational by April 1984. In 
addition, new water treatment, oxygen, and 
sulfuric acid plants were constructed in 
1983. The new acid plant had more than 


. twice the 590-ton-per-day capacity of the oldd ` 


plant, which was to be shut and reactivated 
in emergencies only. A further moderni- 
zation was the addition of a closed conveyor 
belt system to carry the gas-dried charge to 
the furnace. With converters and two anode 
furnaces, the capacity of the plant was 
reported to be 14,000 tons of anode copper 
per month. The anodes were shipped to 
Asarco's Amarillo, TX, refinery. In addition 
to concentrates from Asarco's own mines, 
the smelter was scheduled to toll concen- 
trates from Arizona, California, Montana, 
and Washington. Approximately 550 per- 
sons were employed at the Hayden plant. 

Under the timetable ordered by the Puget 
Sound Air Pollution Control Agency, Asar- 
co will be required to capture 95% of the 
sulfur dioxide emissions at its Tacoma, WA, 
smelter beginning in 1987. The plant cap- 
tured only about 45% of the sulfur dioxide 
emitted in 1983. 

On August 8, Inspiration, owned by a 
consortium of Hudson Bay Mining and 
Smelter Co., Plateau Holdings Ltd., and 
Mineral and Resources Corp., shut down the 
Globe-Miami smelter because of a shortage 
of concentrates. In October, fire damaged 
the smelter extensively, delaying a plan to 
put it back on-stream soon. At yearend, as 
the shortages of concentrates continued be- 
cause of the shutdown of several mines, 
Inspiration decided to cut back from the : 
operation of three converters to two. In 
June, a team from the Occupational Safety 
and Health Administration checked Inspi- 
ration smelter workers and the work envi- 
ronment following labor union complaints 
that 21 workers suffered heart attacks with- 
in a 5-month period. Air and dust samples 
were analyzed for arsenic, lead, sulfur diox- 
ide, and other potentially dangerous sub- 
stances. | 

Inspiration signed a 5-year contract with 
Duval to toll about 23,000 tons per month of 
concentrates. The first shipments to the 
Inspiration smelter were expected in Jan- 
uary 1984. Duval had previously shipped 
its concentrates to Asarco's Hayden, AZ, 
smelter. Inspiration lost its toll contract 
with Pinto Valley Copper in late 1983; 
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Newmont had decided to send the Pinto 
Valley Copper concentrates to the Magma 
smelter. 

Modernization plans for Kennecott's 
Utah smelter were delayed until final ap- 
proval by the EPA of the State plan for 
sulfur emissions, under which the Utah 
Copper Div. had been operating for more 


than 2-1/2 years. State standards limit aver- . 


age emissions per hour to 18,200 pounds of 
sulfur dioxide, based on an annual limit. 
Under the plan's “multi-point roll back" 
method of control, the smelter was allowed 
an emission of up to three times the permit- 
ted hourly average level at any one time, as 
long as the annual limit was not exceeded. 
Similar standards were in place in Arizona 
and New Mexico. Kennecott spent nearly 
$400 million through 1978 to upgrade smelt- 
er facilities, through the use of licensed 
Noranda continuous process technology, a 
1,215-foot stack, and à new acid plant. The 
improvements increased sulfur capture to 
about 90%. Kennecott shut its McGill, NV, 
smelter in June 1983. 

By yearend, construction work on Chino's 
new Inco smelter at Hurley, NM, was near- 
ly complete. The rated capacity was ex- 
pected to increase from 272,000 to 454,000 
tons of blister copper per year in November 
1984 when the new flash furnace was ex- 
pected to be complete. In 1983, Chino plan- 
ned to buy oxygen from the Linde Div. of 
Union Carbide Corp., which was building a 
new plant nearby to supply 408 tons of 
oxygen per day to the smelter. The total 
project cost was estimated to be $130 mil- 
lion. About 50% of the cost was for improve- 
ment to pollution control equipment and 
facilities, which would bring the company 


into compliance with air quality standards 


established by the New Mexico State Envi- 
ronmental Improvement Division. 

Magma was granted permission to defer 
compliance with EPA's ultimate sulfur 
dioxide emission limits at its San Manuel, 
AZ, smelter, but must be in full compliance 
with EPA regulations as of January 1, 1988. 


Magma was to start modifications to its- 


smelter by 1985. Preliminary estimates in- 
dicated that the compliance program could 
cost in excess of $200 million, in addition to 
an approximate $50 million already spent to 
date for environmentally related capital 
additions to the San Manuel smelter. 

Air quality control requirements contin- 
ued to impact Phelps Dodge's three smelt- 
ers at Ajo, Morenci, and Douglas, AZ, in 
1983. The company and EPA reached agree- 
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ment to modify the 1981 consent decree 
affecting the Morenci and Ajo smelters. The 
Ajo smelter remained closed the entire year 
while the company spent over $1 million to 
repair and modernize it. The smelter still 
did not meet EPA standards; however, 
Phelps Dodge expected to reopen it in 1984. 
Concentrates were smelted at the Phelps 
Dodge plants in 1983 on a toll basis for 
others, including Amoco Minerals Co.'s Cy- 
prus Bagdad Mine before it closed in early 
1984, and Mexico's La Caridad Mine in 
Sonora, Mexico. E 

Refinery Production.—Two of the thir- 
teen electrolytic refineries were closed in 
1983, one of these permanently. Six of the 
electrolytic plants produced refined copper 
largely from secondary material. Produc- 
tion at one plant, which produced from 
secondary material, was severely curtailed 
during the year. In addition, refined copper 
cathode was produced by 9 of 12 electrowin- 
ning plants. An additional plant was under 
construction; Phelps Dodge planned to have 
its new electrowinning plant at the Tyrone 
Mine operational in early 1984. Electrowin- 
ning plants closed were Ranchers Explora- 
tion and Development’s plant at the Blue- 
bird Mine, Arizona; the Duval plant at 
Sahuarita, AZ; and the Kennecott plant at 
Hayden, AZ. Near yearend, the plant at 
Anamax’s Twin Buttes Mine also closed. 
The AMAX plant at Braithwaite, LA, pro- 
duced electrowon copper cathode from im- 
ported copper-nickel matte. 

Both the Cyprus Bagdad and Anamax 
electrowon cathodes were registered on the ` 
London Metal Exchange (LME) as high- 
grade cathode, and were the first electro- 
won cathodes to receive this distinction. 
Nearly all U.S. producers of electrowon 
cathode had taken steps to upgrade plants 
to produce a higher quality product in 
recent years. The Kennecott Hayden plant 
started selling its upgraded electrowon 
cathode direct to market in 1981. Duval 
closed its plant in 1982 in the midst of 
making adjustments to further upgrade the 
system. 

Production of refined copper from second- 
ary sources was about 8% lower than in 
1982, even though the demand for copper 
scrap remained relatively strong during the 
year. Approximately 77% of secondary re- 
fined copper was derived from old scrap. 
Less scrap was available largely because of 
depressed copper prices. No. 2 and precious 
metals-bearing copper scrap were particu- 
larly scarce. U.S. smelters and refiners had 
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increasingly turned to scrap as feed over 
the past 5 years as domestic concentrates 
and blister became progressively more 
scarce, a trend that was expected to con- 
tinue with improvement in copper scrap 
prices. 

At yearend 1983, AMAX announced that 
its subsidiary, U.S. Metals Refining Co., 
would reduce refined copper production at 
its Carteret, NJ, electrolytic refinery, oper- 
ating only 4 out of 32 sections of the refin- 
ery. Emphasis was to be placed on the 
production of precious metals from scrap. 
Fire-refining, once done on a moderate scale 
about 10 years ago, had been discontinued, 
as had the production of wirebar in more 
recent years, except for the production of 
some specialty OFHC (AMAX brand) wire- 
bar. This was an old plant that was read- 
justing its production scheme to stay com- 
petitive under depressed copper market 
conditions. Processing of primary blister 
copper had been deemphasized over the 
past 10 years; the operations utilized mostly 
scrap during 1983. 

Kennecott shut down its refining oper- 
ations in Baltimore, MD, in mid-July. The 
165,000-ton-per-year, continuous-cast rod 
operation continued to operate, however, 
using cathodes from inventory at Kenne- 
cott’s Utah operations. The refining oper- 
ation had been processing primarily toll 
material and had been on a reduced work 
schedule since January. Phelps Dodge also 
closed its Laurel Hill, Long Island, NY, 
refinery permanently. 

The Louisiana Land and Exploration Co. 
was seeking to sell its White Pine copper 
properties, but by yearend had not found a 
suitable buyer. Crippled by a strike in July 
and by the continued low copper prices, the 
company was unable to reopen its White 
Pine mine and smelter. The new electro- 
lytic refinery was operating with existing 
stock and copper scrap, using salaried work- 
ers. The strike remained unsettled at year- 
end. The company had laid off all but 10% 
of its remaining work force of about 300 by 
April, and the concentrator was placed on a 
caretaker basis. One of the two reverberato- 
ry furnaces was restarted temporarily at 
midyear to process stockpiled concentrates. 

Magma’s marketing of refined copper 
continued to be directed toward the wire 
and cable industry. Magma’s 1983 sales of 
continuous-cast copper rod to this market 
accounted for 87% of its sales, up 8% from 
those of 1982. Byproduct recovery from the 
refinery at San Manuel, AZ, was lower than 
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in 1982 because of the closure of the Superi- 
or Mine, where ores have a higher precious 
metals content than at the San Manuel 
Mine. According to the company’s 1983 
annual report, Magma produced 99,100 tons 
of copper in 1983. 

Copper Sulfate.— Copper sulfate was pro- 
duced from copper scrap, electrolytic refin- 
ery solutions, and blister copper by at least 
six companies. It was usually sold as penta- 
hydrate crystal containing about 25% cop- 
per by weight, available in several mesh 
sizes, or as basic copper sulfate powder, 
containing about 53% copper. Imports, pri- 
marily from Italy, Peru, and Canada, 
accounted for about 6% of domestic con- 
sumption. It was estimated that 46% of 
domestic production was consumed in agri- 
cultural chemicals, such as fungicides and 
fertilizers, and that 54% was consumed in 
industrial uses, such as metal finishing, 
mineral flotation, and wood preservatives. 
Production of copper sulfate by Phelps 
Dodge declined markedly during the fourth 
quarter, following permanent closure of its 
Laurel Hill, NY, refinery. 


Table 4.—Copper sulfate producers in the 


United States in 1983 
Company Plant location 
Chevron Chemical Co ---------- Richmond, CA. 
CP Chemicals Inc ------------ Sewaren, NJ. 
International Metals Recycling Corp - Ge: Grande, 
Madison Industries Inc _________ oa Bridge, 
Phelps Dodge Corp _____________ Laurel Hill, 
NY, and El 
Paso, TX. 
Tennessee Chemical Co, p: bie 


Byproduct Sulfuric Acid.—Sulfuric acid 
was produced as a byproduct from sulfur 
dioxide recovered at 11 primary domestic 
copper smelters. In response to stricter 
environmental standards for sulfur dioxide 
emission and corresponding improvements 
in smelter design, production of sulfuric 
acid increased slightly despite the decline in 
primary smelter production. A new 2,500- 
ton-per-day acid plant was constructed to 
accommodate the new Inco oxygen furnace, 
which started up at the Asarco Hayden, AZ, 
smelter in November. Sulfuric acid produc- 
tion from Phelps Dodge’s smelters reported- 
ly was 613,000 tons, up from the 525,000 
tons reported for 1982. Approximately 
597,000 tons was sold in 1983 at prices that 
averaged substantially less than production 
costs.!? 
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CONSUMPTION AND USES 


U.S. apparent consumption of refined cop- 
per teflected a 15% recovery in copper 
demand compared with that of 1982, but as 
depressed prices continued, the increase in 
demand was not matched by an increase in 
domestic production. U.S. copper mine pro- 
duction was down by 27% compared with 
that of 1979. As a percentage of apparent 
U.S. refined copper consumption, refined 
and blister imports comprised 27% in 1988, 
up from about 8% in 1979. Apparent con- 
sumption was revised in this report to 
reflect a calculation from net imports, pri- 
mary and secondary (old scrap) production, 
and changes in industry and Government 
stocks. Past methods did not include stocks, 
other than producers’ stocks, or old scrap in 
the calculations. 

Largely as the result of increased use of 
the continuous casting process for produc- 
tion of copper rod, and of increased demand 
for high-quality copper alloys for electronic 
purposes, the consumption and quality of 
wirebar and brass-grade refined forms had 
changed in recent years. In 1988, only 2% of 
the refined copper forms consumed in the 
United States was wirebar, while cathode 
comprised 82%. This compared with 63% 
wirebar in 1970. This change in quality and 
form requirement by refined copper con- 
sumers had been fairly rapid since the 


middle 1970's. 

Use of copper and copper-alloy mill prod- 
ucts in 1988 was estimated to be 35% in the 
building construction sector, 25% in electri- 
cal and electronic products, 17% in industri- 
al machinery and equipment, 12% in trans- 
portation equipment, and 11% in consumer 
and general products, according to the Cop- 
per Development Association annual data 
report. Compared with 1982 data, the build- 
ing construction sector and transportation 
sector showed increases, while the electrical 
products sector used about 3% less copper 
in 1988. The demand for beryllium-copper 
alloys remained buoyant throughout the 
year, spurred in large part by the alloy’s 
growing usage in electronics. The US. 
electronics industry was expected to expand 
by about 17% per year over the next few 
years, and the industry was reportedly con- 
suming about 250,000 tons per year of 
copper-based alloys, according to one of the 
major producers.:? Growth in the industry 
was not proportionately tied to copper al- 
loys consumption since the industry was 
using thinner gauge strip, rod, and wire 
wherever possible, but analysts expected 
that the use of beryllium-copper alloys 
would easily grow by about 12% per year 
over the next 5 years. 


STOCKS 


Total refined stocks, including those held 
by the Commodity Exchange Inc. (COMEX) 
of New York and the U.S. Government 
stockpile, were 696,000 tons in January 1983 
and continued to increase to a peak of 
744,000 tons in August. By yearend, stocks 
had receded to 692,000 tons, with the drop 
occurring mostly at producers; inventories 
on the COMEX continued to rise through- 
out most of the year. Both LME and COM- 
EX reported large stocks of lower grade 
material including wirebar, brass-grade 
cathode, and fire-refined ingot. This was 
largely the result of the change in refined 
copper demand over the past decade to 
mostly high-grade cathode and high-purity 
or oxygen-free forms. 

At yearend, COMEX announced amend- 


ments to the specifications of its copper 
futures contract, which will upgrade the 
quality of the metal deliverable on the 
exchange. Effective December 1985, deliv- 
ery of certain grades and shapes of copper 
that no longer have commercial applica- 
tions such as cake, slab, billets, some ingot 
forms, and all forms of lake copper will be 
eliminated. Grade 2 (basis grade) cathodes, 
wirebars, ingot bars, fire-refined ingot bars, 
and fire-refined high-conductivity ingot 
bars will continue to be deliverable. Grade 1 
electrolytic cathode will be recognized as 
the highest grade of metal deliverable and 
will be valued at a premium over the basis 
grade. Wirebars currently carry a 0.625 
cent per pound premium to basis grade, but 
the new contract will eliminate that. 
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PRICES 


U.S. producer prices for refined copper 
cathode increased from an average of 77.5 
cents in January to 82.9 cents per pound in 
May and then began to decline. By Decem- 
ber, the price had retreated to an average of 
68.1 cents per pound. The price decline was 
associated with an extraordinary increase 
in refined copper imports. After a brief rally 
in the first 2 weeks in December, the price 
retreated again and continued at 66.9 cents 
per pound through the remainder of the 
year. 

In testimony before the U.S. Internation- 
al Trade Commission, Asarco reported" 
that underselling by foreign competitors in 
the United States during 1988 caused the 
company not only to lose sales, but forced 


them to lower prices and adjust terms no 


fewer than 108 times, compared with 26 
times in 1978, resorting to spot sales 
throughout the year. In the past, Asarco 
primarily had sold directly to U.S. custom- 
ers on long-term contract, rather than 
through merchants. 

In an attempt to meet competitors' prices 
and maintain sales, to compete against 
large quantities of physical copper available 
on a prompt basis from COMEX ware- 
houses, and foreign supplies from mer- 
chants, Asarco testified:* that the company 
had to set its price increasingly closer to 
that of COMEX. At yearend, Asarco had set 
its price at a 2.5-cent differential over the 
COMEX price, compared with a 5- and 6- 
cent difference just 2 years earlier. The 
company also was unable to secure many 
annual contracts in 1982 and 1983, selling a 
greater proportion of copper on a spot basis, 
at times on COMEX to prevent inventory 
accumulations. This provided additional 
downward pressure on COMEX prices. The 
shift of domestic producers to spot sales also 
made production of copper and investment 
planning more difficult for them. 

By November, scrap metal dealers had 
also trimmed their prices an average of 2 
cents per pound for copper scrap, with 
quotations at 51 to 52 cents per pound for 


No. 1 copper, 42 to 43 cents per pound for 
No. 2 copper, 43 to 44 cents for red brass 
solids, and 25 to 26 cents per pound for 
heavy yellow brass. The price cuts reflected 
a conviction that primary copper prices 
would slide further. With few exceptions, 
scrap dealers reported their volume was 
adversely affected by the declining scrap 
metal prices and reported volume declines 
of up to 10% in October. Most believed that 
copper was underpriced and that there was 
more copper available than the market 
could absorb. | 

In August, nine northeastern States filed 
civil antitrust suits in their respective State 
courts against six copper water tubing man- 
ufacturers, charging them with price fixing 
between 1975 and June 1981. The suits were 
the latest steps in litigation developing out 
of Federal antitrust and price-fixing 
charges filed in March 1988 by copper 
tubing customers in Philadelphia against 
the producers. Three companies named in 
the States' suits were also named in the 
latter indictment: Cambridge-Lee Indus- 
tries Inc., Alston, MA; Cerro Copper Prod- 
ucts Co., Sauget, IL; and Phelps Dodge 
Industries Inc., New York. Two companies 
cited in the States' litigation were Anacon- 
da, which produced water tube in Water- 
bury, CT, and which was currently the 
American Brass Co. a division of Arco 
Metals Co., Illinois, and the Wolverine Div. 
of Universal Oil Products, Decatur, AL. The 
sixth company named in the States' action 
was Howell Metal Co. of New Market, VA. 
The action also charged three companies in 
bankruptcy with alleged price fixing, but 
did not sue them because of their legal 
standing. Those firms were Revere Copper 
and Brass Inc. and its subsidiary, Revere 
Copper Products Inc. of Rome, NY, and 
Reading Industries Inc., of Reading, PA. In 
addition to New York, the States filing suit 
were Connecticut, Delaware, Maine, Mary- 
land, Massachusetts, New Hampshire, New 
Jersey, and Rhode Island.:* 


TRADE 


In early 1983, some market analysts were 
showing guarded optimism as copper buy- 
ing by China on Western markets, in addi- 
tion to general market speculation, contrib- 
uted to a temporary price recovery. Howev- 


er, a sharp increase in U.S. imports of 
copper resulted in copper prices dropping 
below the cost to produce for most U.S. 


mines by midyear. The highest level of 


copper imports occurred from March 
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through August and coincided with buildup 
of stocks and leveling off and weakening of 
. domestic prices. Nearly every market form 
of copper was affected by increased import 
competition. In comparing 1983 data with 
that of 1975, imports of refined copper 
increased by 253%, concentrates by 241%, 
unalloyed scrap by 50%, and semimanu- 
factures by 170%. Exports between 1975 
and 1983 decreased for refined copper by 
53% and for semimanufactures only mar- 
ginally from 95,250 tons in 1975 to 85,700 
tons in 1983. 
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Chile, which currently was the world's low- 
est cost producer. The United States became 
Chile's largest export destination for re- 
fined copper in 1981, displacing Brazil, 
which had been the largest Chilean market 
for refined copper in recent years." As a 


. percentage of U.S. imports for consumption, 


the Chilean share of refined and blister 
imports was 16% in 1971, but by 1983, had 
increased to 56%. As a consequence, the 
normally more significant share of U.S. 
refined copper imports by other traditional 
U.S. suppliers formed a much smaller pro- 


Of general concern to domestic producers portion of the 1983 total. 
was the increased supplies of copper from 


WORLD REVIEW 


Although copper consumption in the 
United States and Canada increased, copper 
consumption in most of the rest of the world 
continued to decline from the depressed 
1982 level. Western World consumption, 
according to the World Bureau of Metal 
Statistics, dropped by almost 1% in 1983 
compared with 1982 levels, and was down 
by 11% compared with that of 1979. Con- 
sumption was particularly low in the Euro- 
pean countries and in Argentina, Brazil, 
and Mexico, which in recent years had 
become growing and significant consumers 
of copper. Exponential copper consumption 
growth rates for the less developed coun- 
tries had been forecast only a few years ago 
by many observers, predictions that were in 
part responsible for the multitude of plan- 
ned expansion projects and the resulting 
overcapacity. Many of these countries have 
had to adopt austerity measures because of 
heavy debt burdens, a factor seen likely to 
curb economic growth rates and copper 
consumption for some time to come. 

Despite the decline in Western World 
consumption of refined copper, production 
of refined copper increased by about 3% 
during 1983. The resulting supply-demand 
imbalance of as much as 400,000 tons of 
copper gave rise to large increases in visible 
stocks, COMEX and LME yearend stocks 
increasing by 123,000 and 182,000 tons, 
respectively. The imbalance would have 
been greater had China not taken delivery 
of an estimated 300,000 tons of copper 
purchased on the LME. By yearend, the 
supply-demand balance had improved. 

During the year, a shortage of copper 


concentrates developed on world markets | 


mainly owing to such events as the opening 
of the Philippine Associated Smelting and 


Refining Corp. (PASAR) smelter; cutbacks 
in Canadian and U.S. mine production; the 
shutdown of Anaconda’s Berkeley Pit, 
which had contracted to ship 40,000 tons per 
year of concentrate to Japan; and increas- 
ing smelter capacities in countries such as 
Brazil, Chile, and the Republic of Korea. 
The shortage of concentrates was first re- 
flected in the spot price of concentrates and 
later in long-term contract renewals. Japa- 
nese smelters, which receive about two- 
thirds of the world’s trade in copper concen- 
trates, had to reduce treatment and refining 
charges. 

Currency  devaluations, particularly 
among member countries of the Intergov- 
ernmental Council of Copper Exporting 
Countries (CIPEC), had, to varying degrees, 
the effect of reducing copper production 
costs in those countries, especially fixed 
costs such as labor. Since 1978, the Chilean 


» peso had been devalued by 60%, the Zam- 


bian kwacha by 48%, the Zairian zaire by 
97%, the Peruvian sol by 90%, and the 
Philippine peso by 47%. Conversely, the 
strength of the U.S. dollar increased the 
relative fixed costs for U.S. producers. In 
addition to the benefits derived from deva- 
luation, governments sought to directly sup- 
port copper production through guaranteed 
price-support systems, as in Brazil, Chile, 
and the Philippines; protective tariffs, as in 
Japan and the Republic of Korea; import 
restrictions, as in Brazil; and direct finan- 
cial aid through loan guarantees and as- 
sumptions of company debi. 
Brazil.—Brazilian refined copper con- 
sumption grew at an annual rate of 5.6% in 
the 1973-82 period, compared with average 
annual growth in Western World consump- 
tion of only 0.1% over the same period. In 
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1983, however, this trend was sharply re- 
versed, estimated consumption falling by 
42%, to about 145,000 tons per year. In 
recent years, Brazil has sought to develop 
its copper industry to reduce its dependence 
on imported refined copper. Modernization 
and expansion of mining operations at the 
Uruquai and São Luís ore bodies, owned by 
Cia. Brasileira de Cobre S.A., was completed 
in 1980. Production was from the under- 
ground mine at São Luis, which had proven 
reserves of 5.5 million tons of 1.1% copper. 
At Uruquai, both open pit and underground 
mines were planned for the time when 
production at Sáo Luís stops. Uruquai had 
proven reserves of 10 million tons of 0.83% 
copper. | 

In the late 1970's, the Government initi- 
ated the Caraíba Metais S.A. mine, smelter, 
and refinery project. The Jagrarari open pit 
capacity was reported to be 40,000 tons per 
year of contained copper. Caraíba Metais' 
Outokumpu flash smelter came on-stream 
at Camacari at yearend 1982. Production, 
which reached 63,000 tons in 1983, was from 
domestic and foreign concentrates. The re- 
finery at Caraíba also was started up in 
1982 and was expected to produce 115,000 
tons of copper per year, assuming produc- 
tion problems encountered at the smelter 
can be resolved. The Caraíba Project also 
included a 150,000-ton-per-year mill for 
continuous-cast wire rod. The project en- 
joyed the protection of the Government 
through import restrictions and price con- 
trols, and was reported to be unprofitable 
owing to its high operating costs and large 
debts. With six wire rod mills currently 
operating, Brazil's wire rod capacity of 
nearly 300,000 tons per year was far in 
excess of copper wire consumption.!5 

Canada.—Canadian copper mines in the 
western Provinces, principally in British 
Columbia, accounted for 46% of Canadian 
copper mine production. Most of their cop- 
per concentrates were exported, mainly to 
Japan and Western Europe, while central 
and eastern mines shipped concentrates to 
six Canadian smelters, which had a combin- 
ed capacity of about 650,000 tons per year of 
copper. Byproduct metals played an impor- 
tant role in Canadian copper production, 
with much of Canada's copper being mined 
in conjunction with nickel, gold, silver, 
molybdenum, and zinc. The relative cost 
competitiveness of Canadian copper produc- 
tion, on a world basis, continued to deterio- 
rate as a result of weaker byproduct metal 
prices, rising energy and labor rates, and a 
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strong Canadian dollar relative to the major 
copper producing countries, exclusive of the 
United States. As a result, cost-cutting 
measures were implemented and competi- 
tive pricing strategies adopted.’® By year- 
end, Noranda had reduced its producer 
premium for North American sales to 2.5 
cents per pound over that of COMEX, down 
from the 5-cent premium instituted 1 year 
earlier. Although some mines reopened, 
most of the mine closures and cutbacks 
instituted during 1982 were continued in 
1983, capacity from operating mines having 
dropped by over 100,000 tons of copper per 
year since 1981. 

Selected openings and closures that oc- 
curred during 1983 include the closure of 
Noranda's Gaspé, Quebec, smelter for 3 
months, owing to a shortage of concen- 
trates; permanent closure of Teck Corp.'s 
25,000-ton-per-year smelter near Kamloops, 
British Columbia, in July, with the Afton 
Mine, which had reopened in May along 
with the smelter, continuing to operate; 
reopening of Corporation Falconbridge Cop- 
per's Lake Dufault copper-zinc-silver-gold 
property in April in anticipation of higher 
copper prices; closure of Brenda Mines 
Ltd.'s mine near Peachland, British Colum- 
bia, in September; resumption of stripping 
in October at Noranda's Bell Mine, which 
was closed during July 1982 along with the 
Granisle Mine; and the startup of Arrow- 
head Metals Ltd.'s $4 million copper and 
copper alloy rolling mill in July. 

Chile.—The Government-owned Corpora- 
ción Nacional del Cobre de Chile (CODEL- 
CO-Chile) produced 1,012,000 tons of copper, 
accounting for 84% of Chilean copper pro- 
duction; it operated four mining divisions, 
Chuquicamata, El Teniente, El Salvador, 
and Andina. Chuquicamata and El Teniente 
were the world's largest open pit and under- 
ground copper mines, respectively, and 
accounted for over 80% of CODELCO- 
Chile's production. CODELCO-Chile, with a 
reported production cost, including by- 
product credits, of 36.1 cents per pound of 
copper,” had an aftertax net income of $220 
million, up 37% from that of 1982, and 
contributed $678.5 million to the national 
treasury. 

As part of its plans to maintain CODEL- 
CO-Chile's copper production at levels of at 
least 1 million tons per year, the Ministry of 
Finance budgeted $215 million in 1983 for 
capital projects, in large part aimed at 
offsetting declining ore grades. In Decem- 
ber, CODELCO-Chile made a public an- 
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nouncement detailing its short- and long- 
term investment projects, expected to total 
$2 billion over the next 5 years. The proj- 
ects, which are centered on the Chuquica- 
mata Mine, were aimed at maintaining and 
then increasing production levels despite 
decreasing ore grades. Included in the 
planned investments was development of 
the Sur-Sur deposit adjacent to the Andina 
Mine. 

In support of its development projects, 
CODELCO-Chile sought financial backing 
through MDB. In December, the IDB ap- 
proved a $268 million loan to CODELCO- 
Chile, in support of expansion and modern- 
ization projects at Chuquicamata and El 
Teniente, totaling $670 million. The loan, 
which carried a 15-year amortization period 
and a 6-year grace period, was broken into 
two installments, $100 million for 1988 and 
the balance to be disbursed in 1984. The 
IDB was also arranging complementary fi- 
nancing of an additional $268 million from 
commercial banks. It was estimated that 
the proposed project at the Chuquicama- 
ta and El Teniente Div. would increase 
CODELCO-Chile’s copper capacity by 
142,000 tons per year. In December, Fluor 
Corp. and Bechtel Corp., both U.S. corpora- 
tions, made application to the EXIM Bank 
to finance $184 million of U.S. goods and 
services for expansion of the Chuquicamata 
concentrator. The proposed expansion was 
expected to increase copper production by 
an estimated 174,000 annual tons. 

A 4-day strike in June began at CODEL- 
CO-Chile’s El Salvador Mine and spread to 
the Andina and El Teniente Mines follow- 
ing the arrest of the Copperworkers Confed- 
eration president. The Government re- 
sponse, firing over 2,000 strikers for con- 
tract violation, led to a national general 
Strike, which lasted for 3-1/2 days. Follow- 
ing the strike, CODELCO-Chile announced 
that operations were back to normal; how- 
ever, slowdowns were reported at the El 
Teniente Mine, where replacement workers 
had been hired; the Government reportedly 
permanently dismissing over 500 of its origi- 
nal workers. 

The state-owned custom smelting and 
refining company, Empresa Nacional de 
Minería (ENAMD, established a  price- 
support system effective in December 1983, 
and reduced smelter toll charges as of 
January 1984 for copper and silver produc- 
ed at small- and medium-size private sector 
mines. The copper support price was 70 
cents per pound, with the mines required to 
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reimburse ENAMI for the difference be- 


tween the price support and market price 
when the market price recovers. ENAMI 
had no mines of its own, having sold its 
small mines in recent years, but operated 
two smelters with a combined capacity of 
470,000 tons per year of concentrate. Plan- 
ned expansion and modernization was gear- 
ed toward absorbing the 800,000 tons per 
year of concentrate available from small- 
and medium-size mines, and toward tolling 
contracts with CODELCO-Chile. 

At yearend, Rio Algom Ltd., of Canada, 
developer of the Cerro Colorado Project, was 
seeking support for the project from Japa- 
nese smelting and trading companies. Pro- 
jections called for production of 60,000 tons 
per year of copper contained in concen- 
trates, beginning in 1988. 

Exxon Corp.’s Cia Minera Disputada de 
las Condes S.A., which operates the El 
Soldado and Los Bronces copper mines, 
increased copper production from the two 
mines by 14%, to almost 60,000 tons. Plans 
for expansion of the El Soldado Mine were 
shelved, while plans for expansion of the 
Los Bronces Mine were cut to 180,000 tons 
per year of copper within 4 years, from the 
original plans, which called for 280,000 tons 
per year. 

China.—China made news in early 1983 
when it was reported to be buying signifi- 
cant amounts of refined copper from West- 
ern markets. Domestic copper production 
capacity was reported to be about 300,000 
tons per year of refined copper. Construc- 
tion of a 90,000-ton-per-year Japanese-built 
smelter in Jiangxi was completed. However, 
startup was reportedly postponed for 2 
years, owing to a delay in completion of 
railways and other infrastructure as well as 
lack of feed material. 

Iran.—In December 1981, following de- 
lays due to the 1979 revolution, the concen- 
trator at the Sar Chesmeh copper mine was 
commissioned; in May 1982, the smelter 
began producing blister copper. The mine 
reportedly reached its originally planned 
capacity of 145,000 tons per year of contain- 
ed copper by mid-1983, and the 158,000-ton- 
per-year refinery was expected to begin 
production early in 1984. The Sar Chesmeh 
deposit included a 20-million-ton oxide ore 
body grading 8% copper and proven re- 
serves of 450 million tons of ore grading 
1.18% copper. | 

Japan.—Japan was a net importer of 
refined copper in 1983, with domestic pro- 
duction: supplying over 85% of Japanese 
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consumer demand. Demand was estimated 
at 1.2 million tons, down 3% from that of 
1982. Although Japan was the second larg- 
est producer of refined copper, with a refin- 
ery capacity exceeding 1.2 million tons per 
year and a smelter capacity of over 1.3 
million tons per year of copper, it had a 
mine production capacity of only 53,000 
tons per year of copper. There were 10 
primary copper smelters and 11 refineries 
in Japan, with 6 companies owning over 
95% of Japan's smelting capacity?!  — 

In recent years, Japan was the terminus 
for between 60% and 70% of Western World 
trade in copper concentrates. A 7.5% tariff 
on refined copper, in theory aimed at pro- 
tecting the small domestic mining sector, 
allowed the integrated smelting-refining 
companies to charge a premium over world 
prices for refined copper and to compete 
favorably for foreign concentrates. Howev- 
er, because of the short supply of copper 
concentrates in 1983 and the resulting less 
favorable contract terms, most Japanese 
smelters announced plans to cut smelter 
production in 1984 by at least 10%. 

Mexico.—Although smelter and refinery 
expansion projects were underway in 1983, 
recent expansions of copper mines had re- 
sulted in Mexico becoming a major exporter 
of copper concentrates. Mexico had a mine 
capacity of about 250,000 tons, more than 
twice its 120,000-ton-per-year smelting and 
refining capacity. 

The $450 million loan to Cia. Minera de 
Cananea for expansion of its Cananea Mine 
and smelter complex in Sonora State, origi- 
nally approved in July 1982 and later de- 
ferred, remained on hold, with approval 
deemed unlikely. Although funding for the 
project had not been definitely secured, 
Cananea was proceeding with expansion 
plans that called for about a threefold 
increase in mine production and a smelter 
expansion from 70,000 to 125,000 tons per 
year of copper. Cananea reportedly planned 
to spend about $350 million of the project 
funding for engineering and equipment, 
and an additional $75 million EXIM Bank 
credit for trucks and mining equipment in 
the United States. Potential air pollution 
problems from the smelter, located 20 miles 
from the U.S. border, became a controver- 
sial issue in the U.S. Congress and in 
- Arizona. A 42-day strike that affected over 
2,400 employees of Cananea ended on Octo- 
ber 17. 

According to the Mexican Mining Cham- 
ber, over $1 billion had already been com- 
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mitted to the La Caridad Project, operated 
by Mexicana de Cobre S.A., with $250 mil- 
lion allocated to the smelter alone. Startup 
of the smelter was expected in 1985, al- 
though the refinery contract had been sus- 
pended indefinitely. 

Peru.—Despite the low value of copper 
exports and an almost 10% decline in cop- 
per production, copper accounted for 14.5% 
of Peru's total export earnings in 1983. The 
decline in production was primarily due to 
lengthy strikes at SPCC’s Toquepala Mine 
(62 days), Cuajone Mine (47 days), and Ilo 
smelter (65 days), which resulted in a 13% 
decline in production by Peru’s largest cop- 
per producer. SPCC, along with state-owned 
Empresa Minera del Perú and Empresa 
Minera del Centro del Perú (Centromín 
Perú), comprised the large-scale mining sec- 
tor, and accounted for about 90% of copper 
output. 

Centromin Pert’s $250 million mine and 
concentrator expansion project at the Co- 
brizza copper mine was not expected to be 


profitable. Although work on expansion of 


the concentrator was completed in May 
1982, mine capacity was not reached until 
late 1988, owing to difficult geologic condi- 
tions. Lower than anticipated ore grade, 
1.4% versus an expected 1.8%, was expected 
to reduce annual production by an estimat- 
ed 39,700 tons of copper, about 20% below 
the original estimate. 

A Centromin Pert subsidiary, Cia Minera 
Los Montes S.A., opened the Monterrosas 
copper mine near Ica in 1982. At a mining 
rate of 1,000 tons per day, the estimated 1.3 
million tons of ore grading 1.4% copper 
presented a serious reserve depletion prob- 
lem. This was alleviated somewhat in 1983 
with the discovery of an estimated 800,000 
tons of ore grading 3% copper, at the Sol 
Radiant vein in the neighboring Raquel 
concession. Los Montes was considering 
purchasing these concessions if preliminary 
ore reserve estimates are confirmed by 
further exploration. 

Philippines.—The financial situation of 
Philippine copper producers improved 
slightly from that of 1982, primarily owing 
to the improved price for copper and to 
devaluations of the Philippine peso; howev- 
er, mine production dropped and many of 
the small producers that closed during 1982 
remained closed because of high production 
costs and insufficient operating funds. The 
price-support system instituted by the state- 
owned National Development Co. during 
1982 expired at the end of April 1983, 
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corresponding with a second-quarter rise in 
copper prices. By yearend, Government 
plans were being formulated to renew fi- 
nancial aid for the country’s mining sector. 

Although its production dropped from the 
1982 level, primarily because of temporary 
mine flooding, Atlas Consolidated Mining 
Development Corp., the Philippines’ largest 
copper producer, reported a modest profit in 
1983. Atlas, which operated one of the 
world’s largest copper mining projects, the 
Toledo operations, processed ore from two 
open pit mines and one underground mine 
at its three concentrators. Expansion of its 
Lutopon underground mine was reportedly 
90% complete, with production from the 
lower levels expected to begin in April 1984. 

In April 1988, Philex Mining Corp., the 
most profitable Philippine copper producer, 
approved a $33 million expansion program 
to increase its copper milling capacity at 
Bagnio, Benguet, from 27,000 to 37,000 tons 
per day by 1987. In October, Marinduque 
Mining and Industrial Corp. closed its Sipa- 
lay Mine after it was unable to arrange 
financing to obtain spare parts. The compa- 
ny lost over $300 million in 1983, having 
lost a total of $660 million since 1980. 

PASAR completed its 138,000-ton-per- 
year smelting and refining complex at Isa- 
bel, in southern Leyte, and began produc- 
tion of copper cathode in July. Because of 
an unstable power supply, mechanical ad- 
justments to the plant, and shortages of 
concentrate, production of refined copper 
was below the planned output of 60,000 tons 
for the second half of 1983. Despite the 
higher treatment and refining charges, 
most copper producers, except Benguet, un- 
der Government pressure to do so, shipped 
about 30% of their copper concentrate to 
PASAR. 


In May, ASEAN Copper Products Inc. 


was established as a joint venture by the 
Association of South East Asian Nations 
(ASEAN) to build a 100,000-ton-per-year 
copper fabrication plant adjacent to the 
PASAR smelter. The plant, which was 
scheduled to be completed by 1987, was to 
be 60% Philippine owned, with Indonesia, 
Malaysia, Singapore, and Thailand each 
taking a 10% share. 

Zaire.—Copper was produced in Zaire by 
the state-owned company, La Générale des 
Carriéres et des Mines du Zaire (Gécamines) 
and by Société de Dévelopment Industriel et 
Miniére du Zaire (Sodimiza). Gécamines, 
the larger of the two, accounted for all of 
Zaire’s smelter and refinery production. 
Eight Japanese companies, which held an 
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80% interest in Sodimiza, withdrew from 
the copper mining consortium in midyear, 
selling their interest to the Zairian Govern- 
ment for $30 million. The Japanese compa- 
nies, which will continue to buy Sodimiza 
concentrates, lent the $30 million purchase 
price as well as an additional $20 million to 
the Zairian Government, repayment to take 
place over 15 years. The Japanese consor- 
tium reportedly lost more than $200 million 
from the withdrawal; poor copper prices 
and rising transportation costs were cited as 
reasons for Sodimiza’s unprofitability. 

The long-standing refining arrangement 
between | Gécamines and  Belgium's 
Métallurgie Hoboken-Overpelt SA (MHO) 
came under stress at  midyear with 
Gécamines claiming that the Belgian refin- 
er was charging as much as 30% more than 
other refiners. Approximately 100,000 tons 
per year of electrowon cathode and 150,000 
tons per year of blister were shipped to 
Belgium for refining. A new 3-year contract, 
reached in October, included a reduction in 
MHO refining charges, bringing them in 
line with charges by other European refin- 
ers. 

Zambia.—Copper mine, smelter, and re- 
finery production in Zambia was controlled 
by Zambia Consolidated Copper Mines Ltd. 
(ZCCM), which was founded in March 1982 
through the merger of Nchanga Consolidat- 
ed Copper Mines Ltd. and Roan Consoli- 
dated Mines Ltd. ZCCM, which was 60.3% 
Government owned, produced copper from 
10 underground mines and 7 open pit mines 
located primarily in north-central Zambia, 
in an extensive copperbelt that extends into 
Zaire. ZCCM also operated three smelters, 
three electrowinning plants, and three re- 
fineries. Zambia exported more than 99% of 
its refined copper production, copper ac- 
counting for more than 85% of its export 
earnings. Between 1974 and 1983, Zambia 
experienced an 18% decline in refined cop- 
per production, in part owing to lack of 
capital expenditures and poor equipment 
maintenance owing to a shortage of spare 
parts. Although ZCCM was able to show a 
pretax profit for the last three quarters of 
1983, in part owing to a 20% devaluation of 
the kwacha in January, an 8% mineral 
export tax resulted in net losses for the last 
two quarters. 

In August, China agreed to allow Tanza- 
nia and Zambia an additional 10 years to 
repay a $494 million loan that had been 
used to finance the railway linking the two 
countries, freeing money for repair work on 
the line. The railway, which provided a 
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vital link to market for landlocked Zambia, 
suffered damage in February that halted 
shipments for 3 weeks. Zambia was seeking 
additional funding for modernization of the 
10-year-old railway. 

The African Development Bank approved 
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a $28 million loan to Zambia to aid in 
improving mine efficiency. In September, a 
new contract agreement was reached with 
the Mineworker’s Union of Zambia that 
averted a major strike. 


TECHNOLOGY? 


Research and development over the broad 
spectrum of copper technology continued. 
New technologies were becoming necessary 
and evolving to improve productivity and 
reduce costs, while at the same time mini- 
mizing environmental damage. Much atten- 
tion was given to materials handling and 
the application of computers to process 
control. The former included advanced sys- 
tems such as in-pit mobile crushing and 
conveying systems. For example, Kennecott 
was planning a major modernizing program 
for the Bingham Canyon Mine. This was to 
include in-pit crushing, with a conveying 
system for both ore and waste, and a new 
mill, to be constructed near the pit. Other 
areas of interest included advanced mining 
technologies, such as the use of continuous 
mining machines in underground oper- 
ations. Significant articles and publications 
dealing with a variety of these subjects are 
listed as references.?° 

In a study funded by the Bureau of 
Mines n a 62-member panel of copper 
experts from government, industry, and 
academia evaluated the possible use of inno- 
vative technologies over the next two dec- 
ades. Twenty-two technologies, covering the 
six phases of the copper production cycle, 
ie. exploration, mining, beneficiation, 
smelting, refining, and recycling, were con- 
sidered. According to the panel, the possibil- 
ity for major change appeared most appar- 
ent in exploration; the change could occur 
through the development of better comput- 
er software and more sophisticated analyti- 
cal techniques with which to interpret data. 
In the mining phase, the consensus was that 
any radical change is unlikely; rather, 
change will be incremental and evolve from 
current mining methods. The direction 
probably will be toward continuous mining 
systems, including mobile crushers and con- 
veyor belts together with greater use of 
computers to control the process. Other 


improvements in open pit mining, such as 
the use of double benching and twin blast- 
ing to obtain steeper slopes and competent 
walls, were discussed. A moderate increase 
in in situ leaching was considered possible. 
Changes in beneficiation also were expected 
to be gradual, with autogenous and semiau- 
togenous grinding being likely to get uni- 
versal acceptance. Concentrators were ex- 
pected to become increasingly automated. 

In smelting, energy and environmental 
concerns were expected to lead the domestic 
industry to adopt flash smelting. More ad- 
vanced and efficient technology, such as 
continuous smelting, also may be adopted. 
Other than acid leaching, hydrometallurgi- 
cal techniques for processing sulfide ores 
have not been widely adopted. It appeared 
that in the case of acid leaching, improved 
methods such as thin-layer leaching and 
coproduct recovery, such as cobalt recovery 
from copper leach solutions, could make 
this process significantly more attractive in 
the future. 

Innovative changes in copper refining 
processes were expected to be minimal. 
However, the processes were expected to 
gradually become highly automated and use 
stainless steel blanks for cathodes rather 
than the traditional copper starting sheets. 
With respect to electrowinning of copper, 
reduction of cell voltage and power con- 
sumption by introducing sulfur dioxide into 
the system was believed possible. 

In the recycling phase, four technologies 
were the subject of research: cryogenic, 
eddy current, shredding, and granulation. A 
Bureau of Mines study indicated that scrap 
processing plants were capital intensive and 
that recycling was significantly more sensi- 
tive to price than to technology. Improve- 
ments can be effected through the use of 
improved methods for rapid identification 
and sorting. 
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Table 5.—Copper produced from domestic ores in the United States 


(Thousand metric tons) 
Year Mine Smelter Refinery 
D ————————MÁ—————B———À 71,447 1,313 71,413 
pb ——————— n 1,181 994 71,126 
po) n MR EM O A A E 1,538 1,295 1,430 
I982.- A De e LL 71,147 941 1,065 
jp. Fc A CHER NP 1,038 888 1,004 
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Table 6.—Percentage of copper ore and recoverable copper extracted from open pit and 
underground mines in the United States 


Open pit Underground 

Year —— EI 

Ore Copper? Ore Copper? 

Ke EE 89 84 11 16 
KEE A A A RNA 91 86 9 14 
INI A A A E iUt Lt 89 84 11 16 
REES 88 82 12 18 
T983 EE EE 89. 85 11 15 


1Includes copper from dump leaching. 
2Includes copper from in-place leaching and copper recovered from tailings and as a byproduct from other sources. 


Table 7.—Mine production of recoverable copper in the United States, by month 


(Metric tons) 
Month 1982" 1983 

ALI EE . 113,150 90,025 
Februa c ol a AAA eet A 108,134 11,664 
Marche eee An 120,578 89,274 
Ree EE EE 112,662 84,646 
Ch ee 97,628 92,170 
AAA A ee cd 90,614 89,717 
A E RN A A A 85,179 76,323 
O A IA E A A A 81,574 79,211 
September —-—————— jedi pas ia do do as tci LI e las a e ed ct 78,585 86,704 
October MAA A AI NA EC 87,071 89,608 
NOVEDOSA a hn to es pe e e 90,285 93,706 
IR e AA 81,515 89,050 
AA AN te AE 1,146,975 1,038,098 


Table 8.—Mine production of recoverable copper in the United States, by State 


(Metric tons) 
State 1979 1980 1981 1982 1983 

Alaska. is Se et Da pA cm NS T a W W 
ATIZONA tee 1949,031 770,118 1,040,813 1769,521 678,216 
California io eA ae Es © W W W W W 
Colorado- -----------------—--— 362 461 W 575 W 
Idaho eae a a RE E en 3,618 3,103 4,245 3,074 3,556 
Michigan --------------------—- W W W W ET 
RE KEES 13,021 13,576 8,411 7,941 7,725 
Montana- ------------------———- 69,854 37,749 62,485 164,951 33,337 
Nevada _______________________ W W W W W 
New Mexico_____________________ 164,281 149,394 154,114 W W 
OPO OR ic o o tiec il Lr V eC 2 d W ze W 
South Carolina ___________________ a DEER W ma M 
Tennessee ooo ooo ooo W W W W W 
A AAA A 193,082 157,775 211,276 189,090 169,751 
Washington... - ---------------———- W SH W W M 
d Ke BEE 11,446,586 1,181,116 1,538,160 11,146,975 1,038,098 


"Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” 
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Table 9.—Twenty-five leading copper-producing mines in the United States in 1983, 
in order of output 


Rank Mine County and State Operator Source of copper 

1 Bingham Canyon _ Salt Lake, UT _____ Kennecott |... Copper ore and 
copper precipi- 
tates. 

2 Moreno... __ Greenlee, AZ ______ Phelps Dodge Corp --------- Do. 

3 San Manuel ` ` Pinal, AZ _~_______ Magma Copper Co _________ Copper ore and 
copper tailings 
(slag). 

4 Chino ________ Grant, NM _______ Chino Mines Co __________- Copper ore and 
copper precipi- 
tates. 

5 Bagdad _______ Yavapai, AZ ______ Cyprus Bagdad Copper Co _ __ __ Copper ore. 

6 Inspiration _ _ - — — Gila, AZ --------- ven Consolidated Copper Do. 

7 Sierrita _______ Pima, AZ ________ Duval Corp -  ........- Do. 

8 Woe E Grant, NM _______ Phelps Dodge Corp --------- y 

9 ew Cornelia ... Pima, AZ .....—.- E. mE Copper ore and 
copper precipi- 
tates. 

10 Ray-..-2--222lz Pinal, AZ ________ Kennecott_______________ Do. 

11 Eisenhower____-_ Pima; AZ... con Eisenhower Mining Co |... Copper ore. 

12 Twin Buttes `. ` ` ARE EE Anamax Mining Co - -------- Do. 

13 Mission ___ _ _ __ EE, eee ee eee ee et ASARCO Incorporated |... Do. 

14 Berkeley _____ _ Silver Bow, MT____-_ Anaconda Copper Co. Copper ore and 
copper precipi- 
tates. 

15 ^ Lakeshore ..... Pinal, AZ ----__-- Noranda Lakeshore Mines Inc ` _ Copper ore. 

16 Sacaton _______ EE, LEE ASARCO Incorporated |... Do. 

17 TOY = oe tas Lincoln, MI PERDU. SDN A Silver ore. 

18 San Xavier _ _ _ _ — Pima, AZ _______~ SE, A AAN Copper ore. 

19 Silver Bell _____ RE. m ccu c ccc oet e Copper ore and 

copper precipi- 
tates. 

20 Copperhill (1 mine) Polk, TN n mz Tennessee Chemical Co... Copper-zinc ore. 

21 Pinto Valley . — - Gila, AZ `- ------- Pinto Valley Copper Corp ----- Copper ore. ` 

22 Battle Mountain. . Lander, NV_______ Duval Corp ___________-_- Do. 

23 Johnson_ ____-_- Cochise, AZ `. Cyprus Johnson Copper Co ---- Do. 

24 Miami... ..... Gila, AZ__~_______ Pinto Valley Copper Corp ----- Do. 

25 Esperanza --_-_--_ Pima, AZ ______-—~-— Duval Corp - ........--.--- Copper precipi- 
tates. 

Table 10.—Mine production of recoverable copper in the United States, by source 
ps T? Recoverable copper | 
Source ed : | Remarks 
xs jio: Percent yield 
1982 
Mined copper ore: 
By concentration or leaching |... T 1181826 71,007,001 0.55 
By direct smelting - - - - -- ---—-- 118 167 .14 
Total or average --------- 1181,944 71,007,168 .55 
Tailings, dump, in-place material by 
leaching. _____________-_-~- ae 104,791 ee 
Miscellaneous: 
Silver ore ________________ 3,652 20,616 Ee 
Lead ore ooo 8,531 7,941 e 
Gold ore, E ore, lead-zinc 
ore, molybdenum ore, tungsten 
ore, cleanup, tailings -____._-_- 6,417 6,459 = 
Grand total __________._- XX 11,146,975 XX 
1983 
Mined copper ore: 
By concentration or leaching `... — 2177,930 915,081 51 See table 12. 
By direct smelting - - - -- -----—— 63 24 .04 See table 13. 
Total or average . 177,993 915,105 51 
Tailings, dump, in-place material by 
leaching. - - - - -- ----------—- Se 89,274 a See table 14. 
Miscellaneous: 
Silver ore omo 4,097 19,384 fe. 
Lead ore ooo o 7,303 7,725 es 
Gold ore, gold-silver ore, lead-zinc 
ore, molybdenum ore, tungsten 
ore, cleanup, tailings _ __----- 2,652 6,610 aoe 
Grand total __________--~ XX 1,038,098 XX 


"Revised. XX Not applicable. 
1Includes 7,288,615 tons (revised) of ore leached for electrowinning. 
2Includes 6,153,969 tons of ore leached for electrowinning. 
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Table 11.—Copper ore shipped directly to smelters or concentrated in the United States 
in 1983, by State, with copper, gold, and silver content in terms of recoverable metal 


Ore 
EES Recoverable metal content Value of 
ancam A A A gold and 
State Copper Gold Silver silver per 
trated = _ AA (troy (troy metric ton 
(thousand Metric tons Percent ounces) ounces) of ore 
metric 
tons) 
Arizona__________________ 115,990 . 524,295 0.45 54,534 4,131,928 $0.61 
Montana_________________ 6,283 16,454 .26 1,383 313,093 .66 
NewMexico. . W W W W W W 
Tennessee'_____________ W W W "T W W 
Utah ee oe ee IAE 30,219 151,881 .50 W W W 
Total or average |... 171,839 810,114 AT 258,222 7,344,180 1.13 


W Withheld to avoid disclosing company proprietary data; included in “Total or average.” 
1Copper produced in Tennessee is from copper-zinc ore. 


Table 12.—Copper ore concentrated! in the United States in 1983, by State, 
with content in terms of recoverable copper 


Ore 
concen- Recoverable copper 
State trated content 
(thousand —————————————— 
metric Metric tons Percent 
tons) 
PTOI EE Bch A Le tw EEN 115,983 524,291 0.45 
Montana... ...- mec cp E FO RECEN REMO c ERES 6,283 16,454 .26 
New Mexicos -u uL eu ncm ee a eh ia e W W W 
Tennessee”: aci ias ins a W W W 
Uta etr P NM ed ee 30,219 151,881 .50 
TotalóraverBge c Ss Et Led Lut UU LA LS Ete 171,776 810,090 AT 


W Withheld to avoid disclosing company proprietary data; included in “Total or average.” 

1Includes the following methods of concentration: dual process (leaching followed by concentration), leach- precipitation- 
flotation, and froth flotation. 

Copper produced in Tennessee is from copper-zinc ore. 


Table 13.—Copper ore! shipped directly to smelters in the United States 
in 1983, by State, with content in terms of recoverable copper: 


Ore shipped to smelters 
Recoverable copper 
State 
Metric tons content 


Metric tons Percent 


¿e uet Irc Ee ÉL Ey ine iE LE 6,941 4 0.06 
New Mexico cu unam due cum cucine a ure Mo E EA edet E 56,548 20 .04 


Total or average . — Eheu eu Ms em ERT ee 63,489 24 .04 


1Primarily smelter fluxing material. 
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Table 14.—Copper precipitates! (leached from dump and in-place material or tailings) 
shipped directly to smelters in the United States in 1983, by State 


AFIZOHA. oo i hee oe ee etes i es S EE 


(Metric tons) 


Precipi- 
tates 
shipped 
75,807 
W 
W 
W 
25,828 


130,857 


W Withheld to avoid disclosing company proprietary data; included in “Total.” 


1In terms of recoverable copper. 


Recover- 
able copper 
content 


51,201 
W 
W 
W 
17,809 
89,274 


Table 15.—Copper ore shipped to smelters and ore concentrated and leached in the 


United States and average yield 


Direct smelted ore SE Total 
Yield Yield Value 
Thou- Yield Thou- Yield Thou- Yield per. permetric _ Per. 
Year Geet ga sand in sand in metric nin pet 
metric copper metric copper metric copper ol d silver old. 
tons (percent) tons! (percent) tons! (percent) qd (troy ES d 
ounces) ounces) silver 
Le AAA 199 0.30 264,591 0.49 . 264,190 0.49 — 0.0016 0.057 $1.12 
1980. 111 .38 221,486 .48 221,597 .48 .0013 .053 1.90 
1981. 158 .14 211,516 .51 277,674 51 .0013 .053 1.18 
1982______ 118 14 181,826 55 1181,944 55 .0013 T 052 T 90 
1983 ____._-_ 63 .04 177,930 51 177,993 51 0015 041 1.09 
"Re . 
1Includes some ore classed as copper-zinc and a minor amount of tailings. 
Table 16.—Copper produced by primary smelters in the United States 
(Metric tons) 
Year Domestic Foreign Secondary Total 
Ku oe eich tse a A a ee UP UC et 1,313,224 22,383 60,231 1,395,838 
1980. A uc Lu A oe 994,479 13,918 44,876 1,053,273 
ee Ee 1,294,962 21,794 60,882 1,377,638 
E EE 40,547 35,148 45,105 020,800 
EE 888,130 39,609 59,276 987,015 
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Table 17.—Primary and secondary copper produced by primary refineries and 
electrowinning plants in the United States 


(Metric tons) 
1979 1980 
PRIMARY 
From domestic ores, etc.:! 
Electrolytic. .~..______________- 71,207,572 924,190 
Electrow0d ----------------—-—— 1100,134 r 2117,572 
Fire-refined ___________________ 105,091 84,469 
EE 2- "1412797 (1,126,231 
From foreign ores, etc.:! 
Electrolytic? ___________________ 103,858 88,957 
Electrowon -__-____-_- ooo. W W 
Fire-refined _~_-________________ _ W W 
Total primary ______________ _ 71,516,655 11,215,188 
SECONDARY | 
Electrolytic? _________________ 298,344 315,062 
Electrowon -—-——------------—-———— W W 
Fire-refined _____________________ W W 
Total secondary -------------- 298,344 315,062 
Grand total, 1 814,999 71,530,250 


1981 


71,194,566 
"161,083 
74,561 
1,430,210 
113,807 

W 


1,544,017 


303,338 
W 
W 
303,338 


1,847,355 


1982 


891,615 
7131,858 
41,060 
"1,064,533 
162,245 
W 


71,226,718 


268,952 
W 
W 
268,952 


71,495,730 


1983 


820,778 

- 101,935 
80,955 
1,003,668 
178,422 
W 


1,182,090 


224,121 
W 
W 
224,121 


1,406,811 


 TRevised. W Withheld to avoid disclosing company proprietary data; included with “Electrolytic.” 
1The separation of refined copper into metal of domestic and foreign origin is only approximate, because accurate 


separation is not possible at this stage of processing. 


Includes some smelter-level electrowinning in order to avoid disclosing company proprietary data. 
3Includes electrowon and fire-refined quantities indicated by symbol W. 


Table 18.—Copper cast in forms at primary refineries in the United States 


1982 . 
Thousand Thousand 
metric tons Percent metric tons Percent 
Billets ii a di i. 97 . 7 
87) (- AAA E AO EE 37 22 2 
Cathodes ut su a 1,170 1,184 84 
Ingots and ingot bars ooo 31 81 6 
MIFeDBPS as ra ew ete a UC. 22 1 
Other forms...) ee te ot ede de Se ee a em 1 1 Es 
EE 1,496 100 1,407 100 


Table 19.—Production, shipments, and stocks of copper sulfate in the United States 


(Metric tons) 

Production Stocks 

Y Shi A x 

ear Quantity Copper ipments Dec. 31 
Dr rt Se tote oo yh ein eS ee cet oy at a te 35,005 9,286 33,802 8,861 
LEE 31,010 8,445 34,135 5,736 
ER E AA A EE be 35,636 9,413 36,103 5,269 
1982 cia sho de en ee cp dac toten cua Pn LAN UT etus 32,227 8,385 33,355 4,142 
LC GE lee cha Se ee rd Aah A 37,500 9,789 31,160 5,029 


!Includes consumption by producing companies. 
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Table 20. —Byproduct sulfuric acid! (100% basis) produced in the United States 


(Metric tons) 
Copper Lead Zinc 
Year plants? plants plants? Total 
Lut AAA A ee 2,513,035 282,704 118,836 8,569,575 
1980- it o E R E 2,097,692 *410,266 560,784 3,068,742 
IT EE 2,593,762 *405,974 545,890 3,545,626 
Ke 1,879,983 *310,606 341,728 2,532,317 
jo EEN 1,837,827 *319,137 384,529 2,541,493 
! Includes acid from foreign materials. 
2Excludes acid made from pyrite concentrates. 
3Excludes acid made from native sulfur. 
“Includes acid processed at molybdenum plants to avoid disclosing company proprietary data. 
Table 21.—Copper recovered from scrap processed in the United States, 
by kind of scrap and form of recovery 
(Metric tons) 
1982 1983 
KIND OF SCRAP 
New scrap: 
Copper Dase 2 ue a e mI eus Me es a en eee 649,406 611,038 
Aluminum-base mee eee SE oe ae Oe te Dmm a 20,192 21,926 
NICKebEDASg. ee ee E DU E 122 254 
Ae EE 20 31 
Total A A E E 669,740 633,249 
Old scrap: ^ 
Copper bise onu O ee 501,576 436,860 
Aluminum EEN 16,047 18,015 
Nickel TEE 76 158 
Pin bse- aana ee AAA NA NA 
Zinc-base ` LLL Llc ee ee 27 120 
TOt WEE 517,726 455,153 
Grand total 226.325 2.552082 bee A eek ee ee eee eee See 1,187,466 1,088,402 
FORM OF RECOVERY 
As ana dae copper: 
At At iet DIA dE 268,952 224,721 
Atotber plahte ssas eo Oe EM ee ei dtt 212,613 194,067 
Tol pee ease EN 481,565 418,788 
In brass and bronze Ce o ia ir ii ee eee eee let e 660,152 629,950 
In alloy iron and steel ooo 1,492 1,444 
In aluminum alloys - - - - - a es ek te ee Ee 41,930 36,971 
In other alloys! == 0 eB I Ti 178 
In chemical compounds- _ ooo 2,250 1,076 
Toll]. e nct m EE ELE EA 705,901 669,614 
Grand total EE 1,187,466 1,088,402 
NA Not available. 
Table 22.—Secondary copper produced in the United States 
(Metric tons unless otherwise specified) 
1979 1980 1981 1982 1983 
Copper recovered as unalloyed copper ___________--~ 516,271 534,556 514,518 481,565 418,788 
Copper recovered in alloys! |... 1,036,254 902,871 903,594 705,901 669,614 
Total secondary copper? __________-_ o 1,552,525 1,487,427 1,418,112 1,187,466 1,088,402 
Source: 
New. SCiaD oc. Sie A 948,224 823,969 819,990 669,740 633,249 
Old scrap secon i di E 604,301 613,458 598,122 517,726 455,153 
Percentage equivalent of domestic mine output ______ 108 122 92 104 105 


nue $ pper in chemicals as follows in metric tons: 1979—3,004; 1980—2,869; 1981—3,227; 1982—-2,250 (revised); 
and 1983— 
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Table 23.—Copper recovered as refined copper and in alloys and other forms 


from copper-base scrap processed in the United States, by type of operation 
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(Metric tons) 
EE From new scrap From old scrap Total 
1982 1983 1982 1983 1982 1983 
Secondary smelters_ c 186,827 91,014 237,366 184,021 424,193 215,035 
Primary copper producers... 14,055 40,925 194,897 183,796 268,952 224,121 
Brass mills _____.____.___________~_ 375,289 464,032 31,271 26,640 406,560 490,672 
Foundries and manufacturers ___________-_ 12,118 14,706 37,357 41,660 49,475 56,366 
Chemical plants. __-_______-__- ooo o 1,117 361 685 743 1,802 1,104 
Total uu ti wn e Le dur. he 649,406 611,038 501,576 436,860 1,150,982 1,047,898 
Table 24.— Production of secondary copper and copper-alloy products 
in the United States, by item produced from scrap 
(Metric tons) 
Item produced from scrap 1982 1983 
UNALLOYED COPPER PRODUCTS 
Refined copper by primary producers __________________~~_~-~__---~_~-__-- 268,952 224,121 
Refined copper by secondary smelters - - - - - - - -- -----—----------—-—-—-——————— 198,597 176,911 
Copper powder .—— ee ee Se ee 9,686 11,425 
Copper castings ¿2 o E ss e 4,330 5,731 
Total. a a e E 481,565 418,788 
ALLOYED COPPER PRODUCTS 
Brass and bronze ingots: 
Tin brons AAA 18,220 15,824 
Leaded red brass and semired brass .. ------------------—---—-——-—--———— 102,654 98,111 
High-leaded tin bronze ------------------------——--—-——-—-—-——-——-—-————- 11,210 10,375 
Yellow Drass AI re es J dee 6,528 7,628 
Manganese bronze ------------------------------------------—-— 6,959 7,520 
Aluminum DTONZO -sanaan ee ee ee ee a ee 5,593 6,331 
NickelElver. llc ee al ee ee a 2,646 3,265 
Silicon bronze and brass —_ -------------------—--—-—-——-—--—————-—-————— 3,330 3,596 
Copper-base hardeners and master alloys... - - - - --- -----—----------—--——— 12,620 14,977 
ge 2 169,760 167,627 
Hr EE 500,573 612,820 
Brass and bronze castings _____________-~__-~-~_______---------------~- 34,646 39,259 
Brass DOW GCE os — to ee 933 644 
Copper in chemical products _______________--_-~----__~-~-~-~-~--~-~~----- 2,250 1,076 
Grand total o 1,189,727 1,240,214 
Table 25.—Composition of secondary copper-alloy production in the United States 
(Metric tons) | 
Copper Tin Lead Zinc Nickel “Umi Tota] 
Brass and bronze production:! 
i) <P MCN SAARC ES A eC OSE OH IPIS 144,808 3,969 7,659 12,920 349 55 169,760 
T983 ee, nx Lu D A eU eee 133,766 4,895 8,901 19,646 318 101 167,627 
Secondary metal content of brass-mill products: 
A A IDA 406,560 387 2,148 89,703 1,769 6 500,573 
id ais 490,181 429 3,187 116,129 2,880 14 612,820 
Secondary metal content of brass and bronze castings: 
EE 28,885 1,002 1,739 2,944 ee 76 34,646 
1983 Ee 32,503 1,185 2,032 3,461 6 72 39,259 


1 About 95% from scrap and 5% from other than scrap in 1982 and 1983. 
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Table 26.—Stocks and consumption of purchased copper scrap in the United States in 
1983, by class of consumer and type of scrap 


(Metric tons, gross weight) 
Stocks Consumption — 
Class of consumer and type of scrap Jin Receipts New Old RH Dec 31 
p scrap 
SECONDARY SMELTERS 
No. 1 wire and heavy copper |... 1,107 21,679 3,819 17,373 21,192 1,594 
No. 2 wire, mixed heavy and light 
copper ---------------—- 8,026 104,744 38,643 68,467 107,110 5,660 
Composition or red brass _______ 2,970 37,381 8,449 29,259 37,708 2,643 
Railroad-car boxes _-_________-_ 714 | äs 674 674 108 
Yellow brass_______________ 4,081 44,508 12,178 32,730 44,908 3,681 
Cartridge cases and brass _____-_- 208 £4 228 228 8 
Automobile radiators (unsweated)_ _ 2,505 60,935 59 59,837 59,896 3,544 
Bronze _________________ _ ,092 15,879 2,373 ,063 16,436 1,535 
Nickel silver and cupronickel ____ 650 2,816 198 2,636 2,834 632 
Low brass ` 163 1,545 594 764. 1,358 350 
Aluminum bronze ________.___ 59 338 244 58 302 95 
Low-grade scrap and residues `. — 9,133 . 82,990 69,152 18,592 81,144 4,379 
Kei EE 30,882 373,737 135,709 244,681 380,390 24,229 
A A 
PRIMARY PRODUCERS 
No. 1 wire and heavy copper |... 1,882 33,562 13,923 20,737 34,660 784 
No. 2 wire, mixed heavy and light | 
CODDeE- oec e le 14,986 161,344 19,033 141,639 160,672 15,658 
Refinery brass. - - ----------- ,006 34 3,572 ,006) . 
19,307 29.972 
Low-grade scrap and residues ...... 124,615 26,954 87,396 114,350 
Total ele E 36,175 323,527 59,944 253,344 313,288 46,414 
BRASS MILLS?! 
No. 1 wire and heavy copper ` — 13,849 188,357 163,307 25,050 188,357 9,660 
No. 2 wire, mixed heavy and light 
copper oe ee eS ee es 1,237 52,035 50,973 1,562 52,535 3,519 
Yellow brass_ - 18,416 219,226 219,22 - 279,226 16,196 
Cartridge cases and brass _ _ _ _ _ _ _ 11 292 66,306 66,306 m 66,306 9,150 
Bronze __________ ~~ _____- 882 3,955 3,955 he 3,955 1,178 
Nickel silver and cupronickel `. _ 4,182 19,963 19,963 Ee 19,963 4,428 
Low brass _________ _~____ _ 3,120 14,095 14,095 MEN 14,095 3,044 
Aluminum bronze _-_____-____- RM 29 M 29 SE 
d cs oe A 52,978 624,466 597,854 26,612 624,466 47,175 
FOUNDRIES, CHEMICAL PLANTS, 
AND OTHER MANUFACTURERS 
No. 1 wire and heavy copper .. — __ 2,204 28,215 7,387 20,394 27,781 2,638 
No. 2 wire, mixed heavy and light 
copper ---------------—-— 390 4,422 1,731 2,617 4,348 464 
Composition or red brass _____ __ 559 15,166 2,060 13,044 15,104 621 
Railroad-car boxes __________~_ 691 3,845 i 3,191 3,791 145 
Yellow brassg _--—----------- 200 5,161 1,418 3,393 4,811 550 
Automobile radiators (unsweated).. _ 1,213 4,790 ae 4,918 4,918 1,085 
Bronze `... A A 826 586 211 281 558 854 
Nickel silver and cupronickel `. _ _ 22 116 us 115 115 23 
Low brass _______________ _ 69 1,227 848 392 1,240 56 
Aluminum bronze ____-____-- 130 781 12 794 806 105 
Low-grade scrap and residues _ _ _ -_ =a ages eeh Ge e SÉ 
Total. nce Es 6,304 64,309 213,733 249,739 63,472 7,141 
GRAND TOTAL 
No. 1 wire and heavy copper — _ _ —— 19,043 271,813 188,436 83,554 271,990 14,676 
No. 2 wire, mixed heavy and light 
CODD EE 24,640 323,045 110,380 214,285 324,665 25,301 
Composition or red brass _-__-_-_-.- 3,528 52,547 10,509 42,303 52,812 ,263 
Railroad-car boxes ______-___--_ 759 4,559 Sec 4,465 4,465 854 
Yellow brass______________ _ 22,697 328,895 292,822 36,123 328,945 20,428 
Cartridge cases and brass _ _ _ _ _ _ _ 11,320 66,514 66,306 228 ,994 ,158 
Automobile radiators (unsweated).. _ 3,718 65,725 59 64,755 64,814 4,629 
Bronze _________________~-_ 3,800 20,420 6,605 14,344 20,949 3,568 
Nickel silver and cupronickel _ _ _ — 4,854 22,895 20,161 2,751 22,912 5,084 
Low brass _______________~ 3,353 16,867 15,537 1,156 16,693 3,450 
Aluminum bronze `. 188 1,148 284 852 1,136 199 
Low-grade scrap and residues? _ _ _ _ 28,440 211,611 96,140 109,560 205,700 34,352 
Total n nimus Apne sek ts 126,340 1,386,039 807,240 574,376 1,381,616 124,962 


'Brass-mill stocks include home scrap; 
MILLS” and “GRAND TOTAL” sections 


urchased scrap consumption is assumed equal to receipts, so lines in "BRASS- 
o not balance. 


2Of the totals shown, chemical plants near 355 tons of new unalloyed copper scrap and 720 tons of old unalloyed 


copper scrap. 
Includes refinery brass. 
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Table 27.—Consumption of copper and brass materials in the United States, by item 


(Metric tons) 
< ieren 
Primary Brass 2 SE Secondary 
Item producers mills To Panne smelters Total 
neous users 
1982: | 

Copper scrap |... 381,701 508,478 Ge 59,889 564,779 1,514,847 
Refined copper!___________ D» 393,205 1,232,841 27,732 4,364 1,658,142 
Brass ingot. |... M 12,727 Dn 2161,230 TE 173,957 
Slab zine -------__ Ge 74,483 PN 2,623 4,032 81,138 
LE E a SÉ A "m NS 4,105 4,105 
Copper 7 nhe eue n cree 313,288 624,466 S 63,472 380,390 1,381,616 
Refined copper?___________ non 500,263 1,233,882 30,173 3,151 1,767,469 
Brass ingot. |... nS 14,759 = 2132,596 € 147,355 
Slab zinc -------------—- BE 99,664 SE 4,327 3,944 107,935 
Miscellaneous. ___________ E ^ NEN ds 4,980 4,980 


I Detailed information on consumption of refined copper can be found in table 29. 
2Shipments to foundries by smelters and changes in stocks at foundries. 


Table 28.—Foundry consumption of brass ingot in the United States, by type 


(Metric tons) 

Type 1979 1980 1981 1982 1983 
Tin 0) 6) 0 1 EE 35,242 30,827 28,885 24,577 23,664 
Leaded red brass and semired brass- -----------------—-———- 107,596 95,188 94,142 75,402 86,421 
Yellow. AAA Ehe ce gs eet a a a SEE 21,138 17,780 19,659 12,584 5,471 
es Ge STER 7,724 6,287 6,270 5,220 5,423 
Hardeners and master alloys. ___§_§______._______~_~_______ 5,913 5,446 4,411 2,499 2,493 
E IMA AA A 2,315 2,579 2,030 1,619 1,611 
Aluminum bronze © == ti ee eh td e ees Si 7,267 6,727 6,853 5,038 5,675 


AA A 187,195 164,284 162,250 126,939 130,758 
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Table 30.—Refined copper consumed in the United States, by class of consumer 


(Metric tons) 
Class of consumer Cathodes Wirebars and and Billets Other Total 
ingot slabs 
bars 
1982: | | 

Wire rod mills _ _ _ 1,028,024 183,876 W W MM 20,941 1,232,841 
Brass mills _ — — _ — 172,088 11,231 35,203 92,430 82,152 101 393,205 
Chemical plants _ _ m ic Ll m ED? 361 61 
Secondary smelters 897 et 3,335. Se EE 132 4,364 
Foundries- ___.-_ 1,440 W 3,865 TA W 2,940 7,645 
Miscellaneous!.. .. _ 8,521 W 2,686 W W 8,513 19,726 

Total ______ 1,210,976 195,107 45,089 92,430 82,152 32,388 1,658,142 

1983: | 

Wire rod mills _ _ _ 1,205,290 27,215 W W c 1,871 1,233,882 
Brass mills ` 232,044 12,007 43,609 114,102 98,501 Ste A 
Chemical plants _ _ W E BON CR ae 608 
Secondary smelters 1,030 SM 2,117 ADR Wn 4 8,151 
Foundries_ — — — — — 955 2,173 3,860 NS 3,336 929 11,253 
Miscellaneous!.. _ _ 8,753 W 3,636 1,149 W 4,114 18,312 

Total. ....- 1,448,072 41,395 53,222 115,251 101,837 1,692 1,767,469 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


Includes iron and steel plants, primary smelters producing alloys other than copper, consumers of copper powder and 
copper shot, and other manufacturers. 


Table 31.—Stocks of copper in the United States, December 31 


(Metric tons) 
Blister and Refined copper 
Y Ec New York 
ear m Primary Wire rod Brass d 
process | — producers mills mills Other? S ui spend Total 
of refining xchange 
1019 Scouts 275,000 64,000 44,000 25,000 9,000 90,000 232,000 
1980. 5552 212,000 49,000 50,000 22,000 10,000 163,000 294,000 
1981 — me 211,000 151,000 109,000 26,000 9,000 170,000 465,000 
1982 etre 233,000 268,000 125,000 25,000 9,000 249, 676,000 
1983 A 174,000 154,000 116,000 26,000 5,000 371,000 672,000 


1Includes copper in transit from smelters in the United States to refineries therein. 
2Includes secondary smelters, chemical plants, foundries, and miscellaneous plants. 


Table 32.—Dealers’ monthly average buying price for copper scrap and consumers’ 
alloy-ingot prices at New York in 1982, by grade 


(Cents per pound) 
Grade Jan. Feb. Mar. Apr. May |.  . June 
No. 2 heavy copper scrap - --.--- 51.43 51.20 53.16 53.99 53.38 43.24 
No. 1 composition scrap (red brass) . 52.50 52.50 51.80 50.50 50.30 45.18 
No. 115 brass ingot (85-5-5-5) _ _ _ _ - 92.50 92.50 - 89.11 88.50 88.50 86.91 
July Aug. Sept. Oct. Nov. Dec. Average 
No. 2 heavy copper scrap -__-_-_-_- 47.12 46.49 47.83 48.79 48.61 50.75 50.78 
No. 1 composition scrap (red brass) . 41.50 41.50 41.50 41.50 41.50 41.50 45.98 
No. 115 brass ingot (85-5-5-5) |... 84.07 84.41 85.50 85.50 83.55 79.50 86.71 


1Data not available for 1983. 
Source: Metal Statistics, 1983. 
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Table 33.—Average monthly prices for electrolytic copper in the United States 


and on the London Metal Exchange 


(Cents per pound) 
1982 1983 
Month Domestic delivered London spot! Domestic delivered London spot! 
Cathode Wirebar Cathode High Cathode Wirebar Cathode High 
January _ 11.62 18.63 12.84 73.03 77.54 80.22 68.86 71.28 
February ____________~- 11.62 78.78 72.20 72.36 81.05 84.02 73.09 74.70 
EN loco 14.83 15.86 68.27 68.48 19.24 82.07 71.13 72.44 
APT E eee, 75.46 76.27 68.60 69.00 80.85 83.49 74.58 75.95 
Aa a da lle dh 76.83 77.95 68.62 69.27 82.93 85.63 77.50 80.07 
June dar bla eii E 70.03 71.49 58.32 58.98 19.16 81.84 74.87 11.14 
DON cec c nC 10.18 71.05 63.86 65.33 80.19 82.95 74.61 11.29 
August ooo 69.93 71.00 63.41 65.81 11.94 80.54 12.14 14.36 
September .. 69.49 11.06 62.39 64.66 14.38 77.59 68.77 70.77 
October -------------- 70.10 72.41 62.47 66.27 69.70 72.39 63.58 65.08 
November... 70.01 12.97 62.15 65.47 71.57 74.23 61.88 62.99 
December... 71.57 74.23 63.74 66.81 68.14 70.81 63.06 64.18 
Average - ----------- 72.80 74.31 65.57 67.14 76.53 19.26 70.29 72.13 
1Based on average monthly rates of exchange. 
Source: Metals Week. 
Table 34.—Average weighted prices of copper delivered 
(Cents per pound) 
Domestic Foreign 
Year copper! copper 
jf eS 93.3 "90.1 
A A A eo ca — a 102.4 "99.3 
KEE 85.1 r 2379 4 
EE 74.3 167.1 
1989: A A LAE Ae eae 79.3 72.1 


"Revised. 

1Producers cathode, delivered. 

2Based on Jan.-Nov. monthly averages. 

3Wirebar contract replaced by high-grade contract. 


Source: Metals Week. 
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Country 


rance 
Germany, Federal Republic of 
Hong Kong 


¡A 


pan 
Korea, Republic of 


Mexico 


Netherlands 
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Table 36.—U.S. exports of copper scrap, by country 


Unalloyed copper scrap Copper-alloy scrap 

1982 1983 1982 1983 
Quantity Value tity Value Quantity Value Quantity Value 
(metric  (thou- metric  (thou- (metric  (thou- (metric  (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
2.767 $4,785 2,29 $8,587 . 4413 $11,428 4,742 $8,656 
504 620 os s 536 5077 ae ne 
10,067 10,143 13,373 15,563 aes Kn 17,8343 20,620 
56 47 18 12 427 519 272 1,83 
1,895 1,588 686 744 7,297 6,217 2,639 2,868 
2a Wh 12 113 18 354 351 
5,605 6,010 2,326 2,377 We See € 4,11 : 
6,721 8,459 3,467 3,924 18601 20,121 16117 19,357 
15,530 19,532 14,831 21,889 16,087 . 18,462 8,548 10,417 
2.821 8,329 ,502 11,546 ,318 1,530 5,458 5,994 
565 632 155 174 1,602 2,105 1,953 1,162 
3,947 4,329 362 338 5,496 7,296 444 543 
731 1,119 56 91 ,068 3,041 5,350 6,713 
M on Ste ENS 405 515 448 620 
1,338 1,011 1,216 1,032 7,021 5,448 12,057 7,843 
408 478 MUN TN 1,685 ,004 SE E 
1,917 1,324 440 961 1,164 1,671 439. 1,491 
47 83 53 78 139 205 189 
54,419 63,484 47,986 66,929 91,592 108,015 80,262 92,189 
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Table 38.—Copper: World mine production,’ by country 


(Thousand metric tons) 


Country 1979 1980 1981 1982P 1983° 
AUT 14.0 15.3 15.5 16.2 16.5 
BET A e e a 2 2 2 N N 
Argentina --- LLL LLL LLL LLL LLL LL o 1 2 1 1 22 
Australia oo o ooo oi 237.6 243.5 231.3 245.3 256.0 
Bolivia cec A A C LR EA 1.8 1.9 2.6 2.0 
Botswana? ___________________-____ 14.6 15.6 17.8 18.4 220.3 
Brazil cde iix Rue 5.3 1.4 13.9 19.2 19.0 
BUlgariB. ——————— A A A "60.0 "62.0 62.0 70.0 70.0 
Burma? ___________________-_-_---- "a r 6 8 1.0 4.2 
e E, TEE 636.4 716.4 691.3 612.4 625.0 
Chile eege A eC a) ae 1,062.7 1,067.9 1,081.1 1,240.7 1,190.0 
Chin" lo ee A M e E 200.0 200.0 200.0 200.0 200.0 
ColomDiRB e ls ] E 1 x 1 
Congo (Brazzaville) ` __---------------- 1.0 1.3 2 A .1 

Tm nnper 2.8 3.3 2.9 2.6 3.0 
PUN. a e DLL ALAS Se 1.2 me x 8 21.2 
Czechoslovakia ____________________-_ 6.2 6.6 5.2 5.2 5.2 
Ecuador - - ----------------------—- r7 9 8 2 
Finland ------------------------—- 41.1 36.9 38.5 34.8 35.0 
Fiano EE .1 N .1 s .1 
German Democratic Republic ________._._.- "14.0 711.8 712.0 13.0 12.0 
Germany, Federal Republic off __________._ 9 1.3 LA 1.3 1.2 
q AA es ns = | 4 — e 
Guatemala ________________-------- 1.8 8 T ui 7 
Honduras ________________-_-_----- 1.4 3 5 e 5 7 
Hungary? sa a ri eta .1 Ze SS ete M 
India uo ni a ee ee eU 21.7 21.6 25.2 *24.0 24.5 
Indonesia _________________ ~~ o 60.2 59.0 62.5 717.9 79.0 
Dan A EE 3.0 1.0 2.0 43.0 248.5 
Irlanda o EE TAS dE 3.5 1.6 1.6 
Israel. 5 A Li r4 4.4 4.1 4.8 
Jal. osi ep E A ue 5 6 8 D 1 
Japan ot ho ee ee N eee 59.1 52.6 51.5 50.7 246.0 
Korea, North? _____________________- 15.0 15.0 15.0 15.0 15.0 
Korea, Republic of- ------------------- 5 A 5 reg 3 
Malaysia leiere eee oe td eds 24.6 27.0 28.6 31.5 30.0 
Mexico? _______________________-__- 107.1 175.4 230.5 239.1 250.0 
Mongolia o ooo 21.7 144.0 771.8 "90.0 104.0 
OFODCO o oor A EL EE 1.0 1.2 6.9 21.0 23.0 
Mozambique. - ------------------—-- 2 2 2 2 2 
Namibia EE 41.9 39.2 46.1 49.8 245.3 
Nepal asia dee ee mou ie (9) (?) (9) 
Norwavf |... 22.222222 22222222- 28.0 28.9 28.2 27.4 28.0 
Papua New Guinea -` ------------------ 170.8 146.8 165.4 170.0 7183.0 
Pe nop c teu ui A EE US 390.7 366.8 342.1 369.4 2335.6 
Philippines cee as Sex 298.3 304.5 302.3 292.1 309.0 
POUT ss eee oe hee ee le 325.0 346.1 294.0 r €376.0 380.0 
Portugal) ss necu EEN 3.6 3.0 2.9 2.5 2.4 
Romania? *__ ______________________- 29.0 28.0 27.0 26.0 27.0 
South Africa, Republic of? _____________.__ 190.6 200.7 208.7 188.7 2210.8 
|| EE 31.3 42.5 50.9 47.6 263.9 
SWEdBH A S ea a E 45.8 42.8 50.7 54.9 55.0 
Taiwan ario EE dh 71.9 res (19) SE 
Türkey EE 31.4 26.4 31.9 34.4 225.0 
DUSSR'*.... eee ta Oe ds T855.0 900.0 7940.0 7970.0 1,000.0 
United Kingdom -` - - - ----------------- R 2 T 6 
United States? 
By concentration or leaching ----------- 1,346.5 1,063.5 1,377.1 1,015.1 2936.2 
Leaching (electrowon)_ --------------- 100.1 117.6 161.1 131.9 101.9 
Yugoslavia o ote a ee oe 111.4 114.8 110.9 119.3 2134.8 
EE 430.4 539.5 555.1 519.0 535.0 
Zambia: 
By concentration or leaching ----------- 456.3 471.0 465.8 436.9 423.8 
_ Leaching (electrowon)_ - - - ------------ 132.0 124.8 122.2 130.9 119.0 
ZüunbabWwe. 2-2 medad eu Rhe 729.6 "26.9 24.6 24.7 20.9 
Total ae — 7,690.5 7,739.0 8,190.7 8,071.5 8,027.1 


Estimated. Preliminary. "Revised. 

'Data dl shea copper content by analysis of concentrates produced except where otherwise noted. Table includes data 
available through June 20, 1984. 

Reported figure. 

3Copper content of matte produced. 

*Recoverable content. 

5Copper content by analysis of concentrates for export plus nonduplicative total of copper content of all metal and 
metal products produced indigenously from domestic ores and concentrates. 

®Includes copper content of cupriferous pyrite. 

"Copper content by analysis of ore mined. 

* Data are for years beginning Mar. 21 of that stated. 

?Less than 1/2 unit. 

I^ Revised to zero. 
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Table 39.—Copper: World smelter production,’ by country 


(Thousand metric tons) 


Country 1979 1980 1981 1982 1983* 
Albania, primary _____________ 9.7 9.9 10.0 11.2 11.5 
Argentina, primary ___________________ (2) (2) (7) (2) (?) 
Australia: 
rimary________________________ 7166.3 174.9 173.5 175.6 175.0 
Secondary cil 6.2 7.1 5.0 4.8 5.0 
Totals o. ss So 1172.5 182.0 178.5 180.4 180.0 
Austria, secondary ___________________ 21.8 26.1 27.1 30.0 28.0 
Belgium:* 
Primbon. tss Leu d Eier 1.5 7 13.1 "2.5 2.2 
Secondary- - ------------------——- 47.8 49.3 47.5 47.5 47.0 
Total etu a ee es ee 49.3 50.0 ` 150.6 50.0 49.2 
Brazil, Primary E BE e A 9.6 10.0 
Bulgaria:* 
2 EE 61.0 61.0 61.0 61.0 61.0 
Secondary- 2 uet ar a 3.0 3.0 3.0 3.0 3.0 
Ke —— ————— —— 64.0 64.0 64.0 64.0 64.0 
Canada 
Primary? _______________________ 374.5 473.7 450.1 394.3 375.0 
Secondary? ______________________ 10.0 19.0 15.0 10.0 10.0 
Total aaa tia 384.5 492.7 465.1 404.3 385.0 
Chile, primary? __________ ccc ccc - 7948.9 953.1 953.8 1,046.8 1,039.0 
China, primary ___§_§_________________ 210.0 210.0 210.0 210.0 210.0 
Czechoslovakia:* 
ele EE 8.2 7.6 7.4 7.4 7.4 
Secondary_ ------------------———- 1.8 2.4 2.4 2.4 2.4 
Tota rata a a 10.0 10.0 9.8 9.8 9.8 
Finland: 
ed EE 55.3 *49.2 €54.7 66.3 74.5 
Secondary- - -------------------——- 9.9 *10.0 13.0 19.1 12.6 
Toal ETIN 65.2 59.2 67.7 85.4 87.1 
France, secondary ____________________ 5.0 7.3 6.5 7.0 Ene 
German Democratic Republic, primary? _____-_ "18.0 116.0 16.0 17.0 16.0 
Germany, Federal Republic of: 
Mary tt El ito ll ln bel ag 158.2 153.9 163.1 161.8 160.0 
Secondary - - - ---------------———- 92.5 103.9 88.3 78.2 78.0 
d Ke EE 250.7 257.8 251.4 240.0 238.0 
Hungary, secondary? __________________ 1 1 1l 1 1 
India, primary ____________.________- 721.5 28.5 25.7 32.6 34.0 
Iran, primary? -------------------——- AT 8 8 13.5 423.5 
Japan 
Prinafy- áo cie Le Le 853.7 889.5 930.0 948.2 944.6 
AAA A S 67.7 139.8 50.1 96.6 117.3 
Total ars ae ee ld eua e cete 921.4 "929.3 980.1 1,044.8 1,061.9 
Korea, North:* 
PIM ALY ee Sis oe ie fe co et en fe 15.0 15.0 15.0 15.0 15.0 
Secondary___~___~_~___~________ Wags ss 3.0 3.0 3.0 3.0 3.0 
OCG HE 18.0 18.0 18.0 18.0 18.0 
Korea, Republic of, primary and secondary _ ~ _ _ — 48.2 64.1 101.2 119.4 103.0 
Mexico, primary ___________________-~- 83.9 85.6 69.2 77.4 75.0 
Namibia, primary - -----------------——- 42.7 40.0 39.7 49.8 454.2 
Norway, primary (including electrowon) ______ 27.3 33.7 32.0 24.4 25.0 
Oman, primary. — - ---------------———— a E Se SE 12.0 
Peru, primary EE 1339.7 7823.1 219.3 294.4 4258.3 
Philippines, primary _____~______._____- Sa BH M Ge 52.2 
Poland: 
Priman oc eeu a a iU 325.0 346.0 315.0 338.0 346.0 
Secondary! _____________________- 16.0 17.0 15.8 6.0 17.0 
Total === it ld 341.0 363.0 330.8 344.0 363.0 


See footnotes at end of table. 
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Table 39.—Copper: World smelter production,’ by country —Continued 


(Thousand metric tons) 


1981 


1982P 


1983€ 


103.1 


"1,030.0 
7100.0 


71,130.0 


1,316.8 


"1,070.0 
7110.0 


71,180.0 


975.7 


60.2 44.9. E 


60.9 


1,377.6 
92.5 


301.9 
178.5 


480.4 
560.6 
23.0 


68,345.9 


7,467.0 
301.9 
475.9 
101.2 


45.1 


1,020.8 
*92.0 


302.4 
171.1 


473.5 
584.7 
"23.2 


8,281.0 


7,349.2 
302.4 
510.0 
119.4 


Country 1979 1980 
Portugal: 
Primary EE 5.1 2.7 
Secondary. -—-----------------——- 4 5 
Total 222 i e Au LL LE 5.5 78.2 
Romania: | 
PYM VY ost o a 41.1 40.7 
Secondary" -—-----------------—-—- 4.0 4.0 
VOCE PI 45.1 44.7 
South Africa, Republic of, primary - —- - ----—-—- 182.3 185.8 
Spain 
PHHHBEy EE 90.3 85.1 
Secondary 22 o Se Se a eU 18.0 18.0 
OCG EE NES 108.3 
Sweden: 
Primary AAA 51.7 45.7 
Secondary — e a ee 12.9 10.7 i : 
OCR RE 64.6 56.4 
Taiwan, primary LLL Llc 2L Lll 14.8 17.0 
Turkey: | 
Primary n endum si cese 21.6 15.3 
Secondary - - - ----------------——- 6 6 
Total: as Se 22.2 15.9 
U.S.S.R.:* 
¡Is AAA Se "930.0 "970.0 
Secondary. i e um CDM "90.0 95.0 
Total ——— —— e "1,020.0 "1,065.0 
United States 
Primary? Ot Dr et LU 1,335.6 1,008.4 
Secondary. a cud une nie es 0 
TOUR o ecce til io ai 1,395.8 1,053.3 
Yugoslavia, primary ------------------ 108.7 93.8 
Zaire, primary: 
Electrowon -—------------------——- 231.4 285.7 
Other -cocoon a e aa 151.0 162.1 
Totals TERMIN RUE UE 382.4 441.8 
Zambia, primary- ooo 582.1 609.9 
Zimbabwe, primary? __________________ 28.5 26.1 
Grand total ___________________ r8,013.9 T7 946.3 
Of which: 
Primary cad ai 17 ,263.4 7,134.8 
Electrowon -------------—- 231.4 285.7 
Secondary --------------—- 470.9 7461.7 
Undifferentiated - —- - --------—- 148.2 "64.1 
*Estimated. Preliminary. ‘Revised. 


¡This table includes total production of copper metal at the unrefined stage, including low-grade cathode produced by 


electrowinning methods. The smelter feed may be derived from ore, concentrates, copper precipitate or matte primery 
ible, primary output of each country is shown separately. 
some cases, total smelter production is officially reported, but the distribution between primary and secondary has 


and/or scrap (secondary). To the extent 


estimated. Table includes data available through June 20, 1984. 


and seconda 


), 
n 
n 


2Argentina presumably produces some smelter copper utilizing its own small mine output together with domestically 
produced cement copper, and possibly using other raw materials including scrap, but the levels of such output cannot be 
reliably estimated. Estimates provided in previous editions are not regarded as reliably based. 
. SData include electrowon production; estimated to be 35,000 to 45,000 tons per year that is fire-refined and cast into 


wirebars; detailed data are not available. 
*Reported figure. 


Dae for U.S. primary smelter production may include a small amount of copper derived from precipitates shipped 
directly to the smelter for further processing; production derived from electrowinning and fire-refining is not included. 
a content of precipitates opre SEH to smelter are as follows, in metric tons: 1979—126,514; 1980—107,980; 


113,991; 1982—104,791; and —89,27 


Data do not add to total shown because of independent rounding. 
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Table 40.—Copper: World refinery production,’ by country 


. (Thousand metric tons) 
Country 1979 1980 1981 1982P 1988* 
Albania, primary? - - ----------------—- 7.5 7.7 9.0 9.0 10.0 
Australia: 
IDATV omi ete ducis E 7187.7 144.8 164.2 160.2 3165.5 
Secondary. ..__.....---..--.-----.- 796.2 87.6 26.8 17.9 84.0 
POUR) moros ee mend eaa ee 7178.9 182.4 191.0 178.1 199.5 
Austria: 
goi la E € 8.8 79.8 98.1 8.6 114 
o AAA Ere 24.0 34.0 80.0 88.0 34.0 
Tol a d EE 32.8 48.3 98.1 41.8 45.4 
Belgium 
HMI vulc cet eet cae 818.8 821.7 "388,4 "397.8 896.0 
Ondar uum ce eee cece stem 50 52.0 60.0 60.0 60.0 
KT TM CD E 868.8 878.7 428.4 457.8 466.0 
Brazil: 
e glo AA zs E "I 9.6 10.0 
Secondary coe oe eee mmm men 63.1 63.0 45.0 47.4 47.0 
TOU sta ee oe eee 53.1 68.0 46.0 57.0 57.0 
Bulgaria, primary and secondary? ______._._.. 62.0 88.0 62.0 "85,0 65.0 
Canada 
Primary sce cis oo ceases een "396.8 611.7 492.5 "911.6 510.8 
¡A 740.7 44.0 781.9 716.5 88.0 
Tot ecu ue Baud uie ui ai 7497.0 T 555.7 524.4 828.1 3548.8 
Chile, primary - -- ------------------- 779.5 810.7 715.6 851.6 3818.0 
China? 
Es EE 255.0 255.0 255.0 255.0 255.0 
Secondary. - - - -- - ---------------- 25 25.0 5.0 25.0 25 
Total ooo aia o 280.0 280.0 280.0 280.0 280.0 
Czechoslovakia, primary and secondary _ _ _ _ _ __ 24.6 25.6 25.6 25.6 25.6 
Egypt, secondary- - - - - -- ------------——- 2.0 2.0 2.0 2.4 22.4 
Finland 
EEN si ds 33.0 30.5 23.8 38.0 35.0 
Secondary? ______________________ 10.0 10.0 10.0 10.0 10.0 
Total see E 43.0 40.5 33.8 248.0 45.0 
France 
Priman os nme n eoi ee Le E 22.0 23.0 23.0 724.0 22.0 
Secondary? motocross 23.4 23.5 "23.0 728.1 21.9 
Total. do EUN 45.4 46.5 46.0 47.1 243.9 
German Democratic Republic, primary and 
secondary? ———------------------—-—- 51.0 51.0 51.0 51.0 51.0 
Germany, Federal Republic of: 
Primary. --—— eei M enc AE 303.1 3025 304.1 313.7 2332.8 
Secondary. ce iia 19.4 71.5 83.4 80.4 287 9 
Toal uod ee ee iaa 382.5 7314.0 387.4 394.1 2420.8 
Hungary, primary and secondary” _______-_.. 12.0 12.0 12.0 712.2 12.0 
India: 
Primary (electric wirebar) -___________- 14.7 17.0 14.9 15.1 17.0 
Secondary - - - - - 2222222222222. 4.6 6.2 8.2 12.0 10.0 
Toal sesa ge 19.3 23.2 23.1 27.1 27.0 
Iran primary eea aaa 3.0 8 8 1.0 210.0 
Italy: 
e 6.6 2.0 1.0 E SH 
Secondary? ______________________ 9.0 10.2 22.7 19.6 20.0 
Toil c ——————— 15.6 12.2 23.1 19.6 20.0 


See footnotes at end of table. 
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Table 40.—Copper: World refinery production,! by country —Continued 


(Thousand metric tons) 
Country 1979 1980 1981 1982P 1983* 
Japan: 
Primary A ee 853.7 889.5 930.0 948.2 2944.6 
Secondary - - - -- --------------——-— 130.0 124.8 120.2 126.8 2147.4 
Tota KEEN 983.7 1,014.3 1,050.1 1,075.0 21,091.9 
Korea, North, primary and secondary? _______ 22.0 22.0 22.0 22.0 22.0 
Korea, Republic of: 
Primary (electrowon) 2-2 ---- 63.1 12.9 108.0 110.8 123.3 
Secondary? -—----—---------------——- 712.9 T6.1 5.0 5.0 2.1 
Total s necu ees ES 76.0 179.0 113.0 115.8 126.0 
Mexico NES A te! 
Primary eee do 71.8 74.6 61.3 61.4 60.0 
Secondary? --------------------—- 10.0 11.0 10.0 14.0 15.0 
Total. ee 81.8 85.6 71.3 15.4 15.0 
Norway: 
Primary (electrowonY ____________._-. "21.0 25.8 26.1 18.0 21.0 
Secondary?! _________________-___- 6.0 6.0 T6.0 dh 6.0 
OU WEE 27.0 31.8 32.1 24.0 27.0 
Oman, primary- - - - - -- 22-2222 2222-2 RAEI e = zr 12.0 
Peru, primary: 
C MERC OUEST cU A EN EUN 196.7 195.7 175.6 194.4 2158.1 
Electrowon --------------------—- 33.1 33.3 33.4 33.5 232.6 
dk EE 229.8 7229.0 209.0 221.9 2190.7 
Philippines, primary —-—---------------- Bé e TN "m" 38.8 
Poland, primary? ______________---_-- 835.8 357.3 327.2 348.0 357.0 
Portugal, primary - - - ----------------—-- 3.4 r4.5 4.9 4.6 4.6 
Romania: 
Primary e ote te mee coe ee 42.0 42.0 42.0 40.0 40.0 
Secondary, oe enc ee 24.3 23.0 18.0 20.0 20.0 
Total asista Ri eiae 66.3 65.0 60.0 60.0 60.0 
South Africa, Republic of, primary’ _-_______-_ 150.8 140.9 144.1 142.8 2152.0 
Spain: 
Primary” ost a ee ee 126.0 138.7 137.1 151.3 138.6 
Secondary? ______________________ 18.7 715.6 15.0 20.6 20.0 
Total |... PU o Pe 7144.7 7154.8 152.1 171.9 158.6 
Sweden: 
Primary nna ce e ree cu 143.7 143.2 50.1 50.3 50.0 
Secondary. - - - - - - -—----------—--——— 715.2 12.5 11.8 12.0 12.0 
Tall ts ee 759.0 "55.7 61.9 62.3 62.0 
Taiwan: , 
Primary sis la da 8.3 11.5 45.2 39.4 30.0 
Secondary? _____________________- 7.0 8.0 8.0 8.0 8.0 
Totál 222 a LER 15.3 19.5 53.2 47.4 38.0 
Turkey, primary 2-222222 l2-- 22.2 18.8 24.2 32.2 230.0 
U.S.S.R.:* 
Prumary EE "870.0 7910.0 7960.0 71,010.0 1,030.0 
Secondary. - - - - -----------------—- 170.0 170.0 170.0 170.0 170.0 
Toal nl nl eL 71,040.0 71,080.0 71,130.0 71,180.0 1,200.0 
United Kingdom: 
Primary d eet e o ier |. 48.5 68.3 59.8 63.2 67.5 
Secondary- - - - ee -----------——- 13.2 93.0 76.3 71.0 76.8 


AA A 121.7 161.3 136.1 134.2 144.3 


See footnotes at end of table. 
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Table 40.—Copper: World refinery production,! by country —Continued 


(Thousand metric tons) 


Country 1979 l 1980 1981 1982P 1983€ 
United States: 
Primary: 
Electrowon ___________________ 100.1 117.6 161.1 131.9 2101.9 
OU A aa eter pee 1,416.5 T1 097.6 1,382.9 1,094.9 21 080.2 
Secondary.______________________ F498 5 515.1 493.6 467.5 2401.6 
Total________ HERR r2 015.1 71730.3 2,037.6 1,694.3 21 583.7 
Yugoslavia: 
Prina EE 99.2 91.8 90.7 90.0 91.0 
Secondary. ____________ ~~ ____ c 38.3 39.5 41.9 36.9 32.7 
TOTAL: ss a a e 137.5 131.3 132.6 126.9 123.7 
Zaire, primary ________~________-____- 7130.1 7144.0 1513 | 175.0 226.7 
Zambia, primary: 
Electrowon ______________________ 132.0 124.8 122.2 130.9 2119.0 
Other n EDIT E ande eins 429.9 482.8 438.2 453.7 456.4 
Total non on ERE bua 561.9 607.6 560.4 584.6 2575.4 
Zimbabwe, primary ________~______-___~- 3.0 3.1 8.0 23.0 19.0 
Grand total __________________~_ r9 020.1 r9 102.6 9,441.0 9,223.6 9,444.8 
Of which 
Primary 22 ee eee 17 486.9 17 525.4 7,924.8 1,142." 7,971.8 
Secondary? ______________ T1 3615 T1 403.6 1,343.8 1,305.1 1,297.4 
Undifferentiated... 171.6 173.6 172.6 175.8 175.6 


“Estimated. Preliminary. ‘Revised. 

1This table includes total production of refined copper, whether produced by pyrometallurgical or electrolytic refining 
methods, and whether derived from primary unrefined copper or from scrap. Copper cathode derived from electrowinning 
processing is also included. To the extent possible, primary and secondary output of each country is shown separately. In 
most cases, total refinery production is officially reported, and in some, the distribution between primary and secondary 
has been estimated. Table includes data available through June 20, 1984. 

2Reported figure. 

3Data may not add to totals shown because of independent rounding. 

‘Data are for years beginning Mar. 21 of that stated. 

5Includes electrowon cathode produced from imported matte. 

May include small quantities of secondary. 

? Although only primary production is reported, an unknown but small additional output of secondary refined copper 
may have been produced. 
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Diatomite 


By Arthur C. Meisinger! 


The quantity of processed diatomite pro- 
duced in 1988, all in four Western States, 
was 619,000 short tons, a slight increase 
over that in 1982. California continued to be 
the leading producing State. 

Exports of diatomite also increased slight- 
ly and comprised 24% of domestic produc- 


tion. 

Domestic Data Coverage.—Domestic pro- 
duction data for diatomite are developed by 
the Bureau of Mines from one voluntary: 
survey of U.S. plant operations. Of the nine 
operations to which a survey request. was 
sent, 100% responded. | 


Table 1.—Diatomite sold or used by producers in the United States 
(Thousand short tons and thousand dollars) 


| Domestic production (sales) -------------- 
Total value of sales 


1979 1980 1981 1982 1983 


117 689 687 613 619 
$90,323 $100,610 $113,010 $107,619 $114,279 


DOMESTIC PRODUCTION 


U.S. production of diatomite increased 
slightly to 619,000 tons valued at $114 
million. Domestic output was processed at 
nine plants by seven companies in four 
Western States. California was again the 
principal producing State followed by Ne- 
vada, Washington, and Oregon. 

The major diatomite producers continued 
to be Manville Products Corp., with oper- 
ations at Lompoc, CA; Grefco Inc., Dicalite 


Div., at Lompoc, CA, and Mina, NV; Eagle- 


Picher Industries Inc. at Sparks and Love- 


lock, NV; and Witco Chemical Corp., Inor- 
ganic Specialties Div., at Quincy, WA. Diat- 
omite was also mined and processed during 
the year by Lassenite Industries Inc., Her- 
long, CA; Cyprus Diatomite Co., a division 
of Amoco Minerals Co., Fernley, NV; and 
Oil-Dri Production Co., Christmas Valley, 
OR. American Resources Equity Corp., Den- 
ver, CO, mined diatomite in Shasta County, 
CA, and shipped the unprocessed material 
in-State for use as a silica source in making 
cement. 


CONSUMPTION AND USES 


Apparent domestic consumption of diat- 
omite remained essentially unchanged at 
473,000 tons. Diatomite use as fillers and 
insulation increased while its use in filtra- 


tion and other areas decreased. Filtration ` 
continued to be the primary domestic mar- 
ket for diatomite. 
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Table 2.—Diatomite sold or used,’ by principal use 
(Percent of U.S. production) 


Use 1979 1980 1981 1982 1983 
tration EE 65 66 64 68 66 
EE D EA 21 21 23 19 21 
Insulation EE 3 2 1 8 
EE 11 10 11 12 10 
1Includes exports. 
PRICES 


The average unit value of sales for proc- to $185. 
essed diatomite increased by $9 per ton 


Table 3.—Average annual value per ton! of diatomite, by use 


Use 1981 1982 1983 
AT EE = W | W T 
Pilen AAA AI EE $153.14 $160.72 vil 77 
Filtration ee ee ee a E O a ee TEES 179.01 191.85 200.16 
Insulation --—-------------—-——--—-———— a 125.02 121.61 . 119.26 
Miscellaneous? _______________________~____ 110.19 111.55 116.05 
Weighted average --ooooooocooococooooooooonoonoooooo.. 164.50 175.63 184.58 


W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous.” 
1Based on unrounded data. 


“Includes abrasives (1981-82), absorbents, catalysts (1982), fertilizer coatings (1981), lightweight aggregates (1981-82), 
and silicate admixtures (1983). 


FOREIGN TRADE 


Exports of processed diatomite by U.S. tons valued at $56,000, with Mexico supply- 
producers increased slightly to 146,000 tons. ing 205 tons of the total. 
The average unit value also increased | 
slightly to $216 per ton. The quantity of 


distomite exported during the year repre: Table 4.—U.S. exports of diatomite 


sented 24% of U.S. production. Diatomite Se SOTE ene MORANG SONATS 

was exported to 79 countries, and the fol- Year Quantity Value? 

lowing 5 countries received 62% of the total: ~ 
Canada, 33,700 tons; Japan, 23,000 tons; 18% ---------------- 162 82983 
Australia, 12,400 tons; the Federal Republic 1982 ---------------- 141 , 

of Germany, 11,000 tons; and the United 199 ---------------- 16 3156 
Kingdom, 9,900 tons. !U.S. Customs. 


Imports of diatomite increased 37% to 346 


WORLD REVIEW 


World production of diatomite remained with 16% each. 
at near an estimated 1.7 million tons. The _________ 
United States produced 37% of the world Industry economist, Division of Industrial Minerals. 
output, followed by France and the U.S.S.R. 


DIATOMITE 


Table 5.—Diatomite: World production, by country! 


(Thousand short tons) 
Country 1979 
Alperi EE 5 
Argentina EE 8 
Australia a id eL es 4 
Brazil (marketable) -________________.__ T18 
TRUE AO Ts E oe Sita 2 
NAAA ee 1 
Colombia®_________________________ 1 
Si _——---------------—-———— 1 
Denmark: 

Diatomite _______________________e e2g 
Moler®_________________________ 138 

| Re ee Pete eee EE EE Re 2 
France ooo ooo €220 
Germany, Federal Republic of... .. T48 
Celene EE 23 
Hal o o sl no EE 33 
IAE A rej 
Korea, Republic of. -- - -------------——- 26 
ON ee r48 
A A a e Se eee rg 
Portugal ooo o mu ee eee. r4 
mania®_________________________ 45 
South Africa, Republic of... 1 
EE r 
land Zeene 4 
U.S.S.R. L 2- 250 

United Kingdom® __________ io r 
United States __-_-_----_-ooooo 717 
OCR d. toa a io ot E a 11,665 


“Estimated.  PPreli Revised. 
iTable includes data available through Apr. 11, 1984. 
2Less than 1/2 unit. 
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Total U.S. feldspar output in 1983, includ- 


and Aplite 


By Michael J. Potter: 


tary domestic survey. 


Feldspar, Nepheline Syenite, 


Of the 16 active 


ing soda, potash, mixed, and feldspar-silica 
mixtures, was 710,000 short tons with a 
value of $22.5 million. The increased level of 
housing construction resulted in improved 
markets for feldspar in ceramic uses and in 
glass fiber for insulation. Imports of crude 
and ground nepheline syenite decreased 
11% to 407,000 tons although total value 
increased 2% to $14 million. 

Domestic Data Coverage.—Domestic pro- 
duction data for feldspar are developed by 
the Bureau of Mines by means of a volun- 


mines, 14, or 88%, responded, representing 
an estimated 95% of the total production 
data for feldspar shown in table 1. The 
remaining 5% was estimated from prior 
years’ data adjusted to current industry 
levels. 

Legislation and Government Pro- 
grams.—According to provisions of the Tax 
Reform Act of 1969, which continued in 
force throughout 1983, the depletion rate 
allowed on domestic and foreign feldspar 
production was 14%. 


Table 1.—Salient feldspar and nepheline syenite statistics 


United States: 
Feldspar: 
Produced! 5 5 5 o short tons. _ 
CHEN thousands_ 
le (oot ce aN short tons_ — 
Value. uu e thousands. _ 
npo de consumption EE short (ong 
EE thousands. _ 
Nepheline nib 
Imports for consumption -_____-_-_-_ short (ong _ 
Value- ----------------- thousands. _ 
Consumption, Wee (feldspar plus nepheline syenite) 
ousand short tons. _ 
World: Production (feldspar) `... do_ --- 
“Estimated.  PPreli "Revised. 


1979 1980 1981 1982 1983 
740,000 — 710,000 665,000 615,000 710,000 
$21,500 $23,200 $21,000 $20,300 ` $22,500 
12,300 13,000 14,025 10,800 9,360 
$1,025 $896 $1,110 $989 ` $856 

266 404 206 48 64 

$31 $133 $61 $24 $31 
536,000 504,340 506,100 455,596 407,351 
$10,846 $11,264 $11,529 $13,751 . $18,997 
1,264 1,202 1,157 1,060 1,108 
"3.432 r3 481 3,556 P3745 *3,842 


! Includes hand-cobbed feldspar, flotation-concentrate feldspar, and feldspar in di as mixtures; includes potash 


feldspar (8% K20 or higher). 


?Measured by quantity produced plus imports, minus exports (rounded figures). 


FELDSPAR 


DOMESTIC PRODUCTION 


Soda feldspar is defined commercially as 
containing 7% Na) or higher; potash feld- 
spar contains 10% K:0 or higher. However, 
in this report, feldspars containing more 
than 8% RO are defined as potash feld- 


spars. Hand-cobbed or hand-sorted feldspar 
is usually obtained from pegmatites and is 
relatively high in K;O compared with Nax0. 
Hand cobbing decreased and was a minor 


"fraction of total production. Feldspar flota- 


tion concentrates, most of the U.S. output, 
are classified as either soda, potash, or 
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“mixed” feldspar, depending on the rela- 
tive amounts of Na;O and KO present. 
Feldspar-silica mixtures, feldspathic sand, 
can either be a naturally occurring materi- 
al, such as sand deposits, or a flotation 
product. Total feldspar content of this mix- 
ture was 25% of total feldspar output dur- 
ing the year. 

Feldspar was mined in six States, led by 
North Carolina and followed in descending 
order by Connecticut, Georgia, California, 
Oklahoma, and South Dakota. North Caro- 
lina accounted for 72% of the total. Eleven 
U.S. companies operating 16 mines and 12 
plants produced feldspar or feldspar-silica 
mixtures for shipment to more than 31 
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States and foreign countries, primarily Can- 
ada and Mexico; of these companies, 3 
produced potash feldspar, and the remain- 
der produced mixed feldspar or feldspathic 
sand mixtures. North Carolina had five 
plants, California had three, and Connecti- 
cut, Georgia, South Carolina, and South 
Dakota each had one. 

The data for potash feldspar were collect- 
ed from the three U.S. producers of this 
material; some of this feldspar contained 
less than 10% K;O (8% to 10% K:0). There- 
fore, to publish information on potash feld- 
spar without revealing proprietary compa- 
ny data, the potash feldspar has a RO 
content of 8% or higher. 


Table 2.—Feldspar! produced in the United States 
| (Thousand short tons and thousand dollars) 


Flotation Feldspar-silica 
Vear Hand-cobbed concentrate mixtures? Total? 

Quantity Value Quantity Value Quantity Value Quantity Value 
1918 AAA 20 238 580 16,460 140 4,770 . 140 21,500 
1980-20 2-222 14 229 566 18,240 130 4,180 710 23,200 
¡E IA 11 194 504 16,850 149 4,000 665 21,000 
1982. i 10 172 457 16,090 147 4,040 615 20,300 
E SE 7 107 525 17,128 178 5,265 . 710 22,500 


1Includes potash feldspar (8% K2O or higher). 
2Feldspar content. 


SData may not add to totals shown because of independent rounding. 


CONSUMPTION AND USES 


The majority of users acquired their sup- 
plies already ground and sized by feldspar 
producers, although some manufacturers of 
pottery, soaps, and enamels continued to 
purchase feldspar for grinding to their pre- 
ferred specifications in their own mills. A 
substantial portion of the material classi- 
fied as feldspar-silica mixtures served in 
glassmaking without additional processing. 

Significant increases in feldspar ship- 
ments were made to Georgia, Illinois, and 
Indiana. 

Fifty-eight percent of the total feldspar 
consumed in the United States was used in 
glassmaking, including container glass and 
glass fiber; 3896 was used in pottery; and 
the remaining 4% was used in enamels, 
electrical insulators, etc. 


An increase in housing construction re- 
sulted in improved markets for plumbing 
fixtures, tile, and glass fiber for insulation. 
However, competition from plastic bottles 
kept the output of glass containers flat. 

Because of the cyclical nature of the 
construction industry, the major outlet for 
glass fiber, producers of this material were 
seeking to build up other markets. Possible 
outlets for the material are in road repair, 
radial tires, roofing and shingles, and 
reinforced plastic in cars and marine and 
defense markets.? 

Porcelain enamel, another outlet for feld- 
spar, is used on household equipment such 
as ranges, laundry equipment, dishwashers, 
water heaters, etc. Future outlook for the 
enamel industry was described as very good 
if the economy stays on track.? 
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Table 3.—Destination of shipments of feldspar: sold or used by producers in the United 


States, by State 
(Short tons) 
State 1979 

Alabama ael a Eeer 13,900 
California: 20 as eo es (2) 
Connecticut... as uoc Eun de e as De nas 21,600 
Florida ota ei dot mme E 23,600 
E EE 69,000 
REENEN 43,700 
Indiana tas ees Be EE 25,300 
Kentucky: oe ee ee et es m 13,100 
¡ESA Uu ie op a wd So Ud Le pe ee LM 16,900 
Maryland ==: era en as Sas cU 7,600 
Massachusetts --—-—-—-------------—----—-—————— 
MICHIGAN == eto a as Be EE 4,000 
RT le BEE 17,600 
Missouri iem in oet t S NL eL 7,600 
NeWwAerSey. ocios col uot ie turus it ELLA 59,600 
New York |. as id la aimed ntes a laa e 22,000 
North Carolina ___________________________ W 
ONG eo eto do cep m hs il EE 64,400 
A Geet geg 31,700 
Pennsylvania ee 52,900 
South Carolina. - 2222202122020 e A A 17,700 
Tennessee cu i ee ERE e Rate 19,400 
Texas AA age ts gg eg ES 40,400 
West Virginia oso cocos less da E 59,800 
MISCODSIE A A W 
Other destinations’_________________________ 112,200 

Total- mou E e reos na to 744,000 


710,000 


W 
15,600 
655,000 


W Withheld to avoid disclosing company proprietary data; included with “Other destinations.” 


1Includes potash feldspar (8% K20 or higher). 
2Data are incomplete; included with “Other destinations.” 


1982 1983 

16,500 14,600 
(5) (9) 

18,800 W 


4,600 4,500 
9,300 1,200 
2,000 

15,800 15,900 
4,100 5,0 


73,800 147,000 
610,000 710,000 


3Data are incomplete; Bureau of Mines estimate is 40,000 tons or more; included with “Other destinations." 
‘Data are incomplete; Bureau of Mines estimate is 35,000 tons or more; included with “Other destinations.” 
"Data are incomplete; Bureau of Mines estimate is 30,000 tons or more; included with “Other destinations." 
SData are incomplete; Bureau of Mines estimate is 45,000 tons or more; included with “Other destinations.” 
“Includes Arkansas, Colorado, Kansas, Minnesota, Rhode Island, Virginia, States indicated by symbol W, and 


unspecified States. Also includes exports to Canada, Mexico, and other foreign countries. 


Table 4.—Destination of shipments of potash feldspar! sold or used by producers in the 


United States 
(Short tons) 
Destination 1979 
Illinois, Indiana, Wisconsin ____________________ 15,500 
Maryland, New York, West Virginia |... 29,500 
Massachusetts _____________________ LLL 1,400 
OTN oa pe a a ware A Eats ta on Sy 12,000 
Pennsylvania. 220 es a et 9,000 
EE 
(RE TEE 5,200 
INNO EE 2,900 
EIERE Eege 18,600 
Total: cera ga ee EE 94,100 


18,200 
85,000 


1981 


11,300 
24,800 
W 


80,400 


1982 1983 
8,000 6,000 
21,600 25,300 
W W 
8,100 8,100 
6,400 1,100 
200 300 
3,200 4,300 
2,40 W 


16,300 14,100 
66,200 65,200 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


1K20 content of 8% or higher. 


“Includes Alabama, Arkansas, California, Colorado, Connecticut, Florida, Georgia, Kansas, Kentucky, Michigan, 
Minnesota, Missouri, New Jersey, North Carolina, South Carolina, Tennessee, States indicated by symbol W, and other 


unspecified States. May also include foreign countries. 
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Table 5.—Feldspar'’ sold or used by producers in the United States, by use 
(Thousand short tons and thousand dollars) 


U 1982 1983 
se A SE TS 
Quantity Value Quantity Value 
Hand-cobbed 
Pottery na a a W W (2) 26 
REENEN W W T: 421 
Total a emos ti eiu rout A de eL DeL 10 ` 735 7 453 
Flotation concentrate: 
RTE 212 6,662 254 7,393 
Pottery a TT TH TOMOS 221 10,637 249 10,875 
Other A Ee ee a dese et eee ee 18 1,082 W W 
Total unix taceo ae E 458 18,381 W W 
Feldspar-silica mixtures:* 

CD XCTI 125 5,699 157 1,510 
Pottery eebe W W 19 1,399 
Other |. a kh a ene ILI A W W W 

d Vd EE EE 142 6,884 W W 

Total:* 
(3IBHB Seco e o cM LR LE dr TEE 337 12,360 410 14,963 
Pottery CEN ANN RA NAS EEN 251 12,205 268 12,300 
Other eet ia a e e 22 1,434 32 1,683 
Grand total -————---------------——————————- 610 26,000 710 28,946 


W Withheld to avoid disclosing company proprietary data; included in “Total.” 
1Includes potash feldspar (8% K20 or higher). 

2Less than 1/2 unit. 

3Data may not add to totals shown because of independent rounding. 
*Feldspar content. 

Includes container glass and glass fiber. 

*Includes enamel, filler, etc., and unknown. 


Table 6.—Potash feldspar’ sold or used by producers in the United States, by use 


1982 1983 
Use Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 
| 50) 6 EE 54,600 $3,879 42,100 $2,935 
Othe ea A ——— PER | 11,600 596 23,100 1,260 
TD ce ee ee aa 66,200 4,475 65,200 — 4,195 


1K20 content of 8% or higher. 
2Includes glass, enamel, etc. 
PRICES feldspar, per short ton, f.o.b. mine or mill, 


Engineering and Mining Journal, Decem-  Càrload lots, bulk, depending on grade: 
ber 1983, listed the following prices for 


1982 1983 

North Carolina: 

20 mesh, flotation _ _ _ _ $27.50 $29.25 

40 mesh, flotation _ _ _ _ 51.00 51.00 

200 mesh, flotation _ _ _ 10.25 | $44.00- 70.25 
Georgia: 

40 mesh, granular. ` _ _ 91.00 51.00 

200 mesh ` -----— 69.25 69.25 
Connecticut: 

20 mesh, granular. _ _ _ 37.25 39.00 


200 mesh --------- 50.50 53.25 


FELDSPAR, NEPHELINE SYENITE, AND APLITE 


FOREIGN TRADE 


U.S. exports in 1983 classified as feldspar, 
leucite, and nepheline syenite, but presuma- 
bly mostly feldspar, decreased 13% to about 
9,400 tons valued at $856,000. Chief recipi- 
ents were Canada, 57%; Mexico, 13%; Tai- 
wan, 7%; and the Philippines, 7%. The 
remaining 16% was shared among 11 other 
countries. 

In addition to feldspar and nepheline 
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syenite, the United States imported 400 
tons of “Other mineral fluxes, crushed” 
with a value of $88,900 and 31,100 tons of 
“Other crude natural mineral fluxes" with 
a value of $900,400. 

The tariff schedule in force throughout 


‘the year for most favored nations provided 


for a 3.2% ad valorem duty on ground 
feldspar; imports of unground feldspar were 
admitted duty free. 


Table 7.—U.S. exports of feldspar, by country ` 


men 1982 1983 
SE Short tons Value Short tons Value 
e, TEEN 2,290 $251,400 5,370 $338,900 
Dominican Republic ___________________~_________ 820 57,700 330 113,600 
Leeward and Windward Islands |... _ 300 29,300 se SR 
Neu KE Eet 4,480 338,400 1,240 78,600 
Philippines -22 D2 2222722222221222 270 35,400 640 38,400 
Taiwan RI A AE A 580 120,000 670 177,900 
Venezuela da as a ht eg a uus tui a a 820 81,600 300 30,800 
OE <a aa es pe as a Ea 1,240 75,200 810 77,600 
Totals oaea A IIS E be REN 10,800 989,000 9,360 855,800 
Table 8.—U.S. imports for consumption of feldspar, by type and country 
1982 1983 
Type and country Short Short 
tons Value tons Value 
Crude: 
Cañada 2 ce ip ca a a 3o nec erras 48 $23,804 == SE 
DE A II AS a Se 3 $578 
MÉXICO: as e a a a cy i tar le pete pr xm Steg 15 5,650 
Ground, crushed, or pulverized: 

Ns or emo MA tS fe a TO TOS DR xs 3 1,320 
"Epi Me PCT E zu 34 13,406 
DE EE ES v 9 9,839 

Total: ea a a E t 48 23,804 64 30,793 

WORLD REVIEW An increase in demand had taken place 


India.—Production of feldspar in 1981 
was approximately 65,000 tons, with two- 
thirds of the output coming from Rajasthan 
State and lesser quantities coming from 
eight other States. In Rajasthan, 12 compa- 
nies produced feldspar from surface peg- 
matite vein occurrences, with significant 
producers including Jain Minerals, Bharat 
Mineral Supply Corp., and Golecha Palawat 
& Co. Major end uses were ceramics, 57%, 
and glass, 40%.‘ 

Italy.—Preliminary figures for feldspar 
output in 1982 and 1983 showed a signifi- 
cant increase over those of previous years. 
However, much of the increase was attrib- 
uted to the inclusion of aplite and feld- 
spathic sand. 


in recent years in the use of aplitic flux 
materials, especially in the manufacture of 
white-bodied Monocottura tiles. A new com- 
pany, Tekmin Srl, had been formed in late 
1980 from the two original producers of 
aplite and eurite. The aplite had lower 
alkali and higher silica content than con- 
ventional feldspathic fluxes, and the eurite 
is essentially like the aplite. Consumption 
of these fluxes had grown to about 330,000 
tons per year in 1982. 

The two major feldspar producers were C. 
Maffei & Co., with output of about 150,000 


‘tons per year of soda feldspar going into 


mostly sanitaryware and tile bodies, and 
Italmineraria S.p.A., with an output of 
about 50,000 tons per year of soda feldspar 
going largely into sanitaryware.5 
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A model-16 Photometric Ore Sorter was 
installed at the feldspar plant at the Gius- 
tino Mine, owned by C. Maffei. Cost for the 
equipment was about $1 million, and mate- 
rial being handled was in the 3/8-inch to 1- 
inch size range. Prior to installation of the 
new equipment, hand sorters had been used 
to remove waste material; however, this 
was effective only for pieces larger than 1- 
1/2 inches, representing 30% of the plant 
feed. A recovery of up to 92% could be 
achieved by photometrically sorting the ore 
in the 1/2-inch to 2-inch size range.* 

A recent development was the use of 
feldspathic sands in light-bodied, single- 
fired Monocottura tiles. The leading produc- 
. er of these sands was Esercizio della Cave 
Colombara S.p.A., with output of about 
120,000 tons per year. 

Norway.—A new laboratory-scale pilot 
flotation machine was designed by Aker 
Trondelag AS. The cell, with a volume of 1 
cubic foot, was the successful scale-down of 
the range of Aker flotation machines, with 
volumes of 27 cubic feet to 1,416 cubic feet. 
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Four of the laboratory-scale machines were 
installed in a pilot plant at the technical 
university in Trondheim and reportedly 
gave very good metallurgical results in the 
flotation of feldspar and other minerals 
from quartz.’ 

Romania.—Soda and potash feldspars 
were extracted from pegmatites at three 
locations. Material was processed by dry- 
grinding in ball mills followed by pneumatic 
classification. A flotation plant had recently 
been put into operation at Muntele Rece. 
Recent research work, with washing or 
flotation, on high-potash feldspar pegmatite 
ore in the northern part of the country had 
yielded a product with a maximum iron 
oxide, Feit, content of 0.2%.* 

Turkey.—The country's first quartz, feld- 
spar, and kaolin plant was scheduled to 
begin operation in August 1983. The Hisar- 
San plant, located at Hissarlik, was esti- 


. mated to cost about $4.5 million,® and annu- 


al capacity for feldspar was to be about 
13,000 tons per vear 19 


Table 9.—Feldspar: World production, by country! 


(Thousand short tons) 
Country? 1979 1980 1981 1982” 1983* 

Argentina. usual lada ea ite i ls i dd 37 36 29 17 18 
AUStralla. o cp TEN NR T4 4 4 3 3 
AMIA RE 8 12 11 3 6 
Brazil? si oe e taa es ae Ln suc uei 159 178 167 105 110 
Hürmh o onu A I E ees "2 r2 5 3 3 
Chile ence t o eL uc iL tit (4) 2 3 1 1 
Colombia A A s acie 32 "30 30 30 33 

GEET EE 4 4 4 9 10 
LEE WEEN 75 82 70 77 17 
France. EE EE 215 231 211 191 190 
Germany, Federal Republic of __________________ 411 420 377 365 370 
Guatemala usos nai a a 12 24 11 “13 11 
enee 1 718 4 36 29 
Adi == a Mr iate 55 165 65 49 47 
A a AA 3 3 2 3 3 
AE AA ee A A A ENA 325 "380 472 864 880 
Japan” st in a sosa Mea 42 33 29 33 34 
Kenya dx Een 1 (4) (4) t zc 
Korea, Republic of _~_-____________________ 222 40 79 114 94 94 
Madagascar __________________ Le (4) e(4) e(*) e(4) (4) 
E 002 tna HE ineunte EL E 122 129 144 127 120 
Nigerid c a EU cd D ee 6 6 6 HN re 
e EE EEN 97 "74 e80 80 80 
Pakistan -o a a N I feas T16 12 12 10 10 
Feri em en cecus DeL EL E. 2 "17 24 e28 28 
Philippines een ia e tee ql HÀ 721 18 17 €17 17 
A -cecce Ba EA 44 44 90 "88 88 
Portugal nee 37 154 49 €47 44 
Romania Le 165 r65 165 65 65 
South Africa, Republic of __-__________________-_ 52 T58 63 53 50 
MIS AAA RU REOR NE RO ay RE 128 114 143 144 135 
Sri Lanka. ia ceni ta ie ne ge 4 4 4 3 3 
SWeden exul uo ar e e 65 64 44 *44 44 
Thailand -——oco6 c E ELLE 29 r27 27 21 22 
Turkey a a a a nad el 80 80 80 80 80 
USSR AA AA A 340 340 350 360 360 


See footnotes at end of table. 
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Table 9.—Feldspar: World production, by country! —Continued 


(Thousand short tons) 
Country? 1979 1980 1981 1982P 1983° 
United Kingdom (china stone)®_____§_____________ 55 55 55 55 55 
United States _________________ Le 740 710 665 615 8710 
LBE TT MES 3 3 3 3 3 
Venezuela ` ou uf see a E lh et EE 98 7 24 8 8 
IE ee Ee ri ri (4) (4) (4) 
Zimbabwe _____________________________e_ 1 1 3 1 1 
TOUR A ee dE 13,432 73,481 3,556 3,745 3,842 
“Estimated. Preliminary. "Revised. 


1Table includes data available through Mar. 19, 1984. 

2In addition to the countries listed, Czechoslovakia, and Namibia produce feldspar, but output is not officially reported 
and available general information is inadequate for the formulation of reliable estimates of output levels. 

3Series excludes production of leucite and sodalite; data consist only of that material reported by Brazil under the 
heading of “Feldspar.” Data represent the sum of (1) run-of-mine production for direct sale and (2) salable beneficiated 
product; total run-of-mine feldspar production was as follows, in thousand short tons: 1979—172 (revised); 1980—150 
(revised); 1981—133 (revised); 1982—87; and 1983—90 (estimated). 

*Less than 1/2 unit. 

5In addition, the following quantities of aplite were produced, in thousand short tons: 1979—435 ; 1980—334; 1981— 386; 
1982—385; and 1983—430 (estimated). 

®Described in source as lump feldspar; does not include nepheline syenite. 


“Includes pegmatite. 
®Reported figure. 


. TECHNOLOGY 


The Bureau of Mines continued its inves- 
tigation of the recovery of alumina from 
domestic nonbauxitic resources, including 
anorthosite, a lime-soda feldspar rock. The 
United States has large reserves of anortho- 
site, but its aluminum content is less than 
50% soluble in acid, unless a source of 
fluoride is added to the acid. A flowsheet 
was developed, including leaching with hy- 
drochloric acid (HCl) and fluoride followed 
by crystallization of aluminum chloride, 
AICi,°6H,O, from the pregnant liquor by 
HC! gas injection. The source of the fluoride 
was hydrofluosilicic acid, H2SiFs. Approxi- 
mately 90% of the aluminum values were 
recovered from the anorthosite when a ratio 
of 0.14 mole of fluorine per mole of alumi- 
num was used." 

A variety of chemicals was evaluated as 
dewatering aids for aqueous slurries of feld- 
spar, feldspar-silica mixtures, and silica 
sand. The purpose of the dewatering aid 


was to reduce the amount of fuel consumed 
in drying the solid material. One chemical, 
a polyalkoxylated amine, showed very good 
laboratory results as a dewatering aid 1 

A joint technology agreement between 
Owens-Illinois Inc. (O-I) and Heye Glass Co. 
of Obernkirchen, Federal Republic of Ger- 
many, was expected to result in substantial 
increases in the production of high-quality, 
lighter weight, narrow-neck glass bottles, 
such as those used by the brewery and soft 
drink industries. Although some develop- 
ment work remained, O-I planned to install 
the forming process at company plants in 
the United States." 

O-I began operation of its third California 
processing center for reclaimed bottles and 
jars, in Tracy, CA. The company had recy- 


. cled about 930 million glass containers in 


1981. O-I’s glass bottles and jars have been 
comprised of 20% to 25% recycled glass, 
and the company’s goal was to increase this 
to 50% recycled glass.'* 


NEPHELINE SYENITE 


Nepheline syenite is a quartz-free, light- 
colored rock that, although resembling 
medium-grained granite in texture, consists 
principally of nepheline and alkali feld- 
spars, usually in association with minor 
amounts of other minerals. Large quantities 
of nepheline syenite, after processing to 
remove contaminants, especially iron- 
bearing minerals, are consumed in making 
glass and ceramics. There is no domestic 
production of nepheline syenite in grades 


suitable for these purposes, and U.S. needs 
are wholly supplied by imports. 

In Canada, Indusmin Ltd. and Interna- 
tional Minerals & Chemical Corp. (Canada) 
Ltd. continued to mine nepheline syenite 
from the deposit at Blue Mountain, Ontario. 
Canadian production in 1982 had decreased 
15% to approximately 570,000 tons valued 
at $17 million. In 1983, output of nepheline 
syenite was 550,000 tons with a value of 
$15.6 million.!5 
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Other than Canada, only two countries, 
Norway and the U.S.S.R., were known to 
have produced significant quantities of 
nepheline syenite. Production in the 
U.S.S.R. was from large deposits in south- 
central Siberia and consisted mostly of 
nepheline concentrates containing 25% to 
30% Al-Os as feed for domestic alumina 
- production. Estimated output in 1982 was 
2.15 million tons.!* 

In Pakistan, a resource of 6 billion tons of 
nepheline syenite was established in Koga, 
Mardan. In addition to possible use in 
ceramics, the material was being considered 
as raw material for the production of alumi- 
na and soda ash. A contract for a feasibility 
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study was to be awarded to a Canadian 


group. Process technology was reportedly 
also available from Mexico, Sweden, and 
the U.S.S.R." 

In the U.S.S.R., a process for production 
of alumina from nepheline was reportedly 
developed by scientists at the Research 
Institute of Leningrad. Operating costs for 
the process were estimated to be 15% less 
than for production of alumina from baux- 
ite.!* 

The price for Canadian nepheline syenite, 
glass grade, bulk, 30 mesh, carlots or truck- 
lots, was $20 to $28 per ton, depending on 
iron content, according to Industrial Miner- 


-als (London), December 1983. 


Table 10.—U.S. imports for consumption of nepheline syenite 


Year 


Crude Ground 
Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) 
Eau 2,780 $25 503,320 $11,504 
EE 316 16 455,280 13,735 
eee 212 13 407,139 13,984 


APLITE 


Aplite is another rock of granitic texture 
containing quartz mixed with varying pro- 
portions of soda or lime-soda feldspar. Ap- 
lite, usually unsuitable for use in ceramics, 
has been used in the manufacture of glass, 
especially container glass, when sufficiently 
low in iron. Japan, with an annual produc- 
tion of approximately 400,000 tons, has been 
the world’s foremost producer of aplite. 

Aplite of glassmaking quality was pro- 
duced in the United States in 1983 from one 
surface mine. The Feldspar Corp. mined 
aplite near Montpelier, Hanover County, 
VA, and treated the material by wet- 
grinding, classification, and spiraling to re- 
move biotite, ilmenite, and rutile, followed 
by dewatering and high-intensity magnetic 
separation to eliminate iron-bearing miner- 
als. 

Domestic output in 1983 was approxi- 
mately 7% lower in tonnage than in 1982 
and marked the fifth consecutive year that 
a decrease took place. The data were compa- 
ny proprietary and could not be released for 
publication. Aplite traditionally has a some- 
what lower price than feldspar. Industrial 


Minerals (London), December 1983, gave a 


value of about $24 per ton for glass grade, 
bulk, 100% plus 200 mesh, f.o.b. Montpelier, 
VA. 


¿Physical scientist, Division of Industrial Minerals. i 

2Chemical Week. Glass Fiber’s Struggle To Build New 
Markets. V. 132, No. 24, June 15, 1983, pp. 82, 84 

3Oliver, J. C. Porcelain Enamel—Review and Outlook. 
Am. Ceram. Soc. Bull., v. 62, No. 5, May 1983, pp. 562-563. 

“Clarke, G. M. The Industrial Minerals of India. Ind. 
Miner. (London), No. 191, Aug. 1983, pp. 47, 49. 

5Watson, I. Troubled Times in Italy's Glass and Ceram- 
s ou Uere Ind. Miner. (London), No. 186, Mar. 1983, pp. 

SIndustrial Minerals (London). Processing/ Equipment. 
No. 194, Nov. 1983, p. 67. | 

"Mining Journal. Pilot Scale Cell From Norwegian 
Manufacturer. V. 300, No. 7703, Apr. 8, 1983, pp. 229, 231. 

3Avramescu, C., I. Calugaru, and M. Angelescu. The 
Industrial Minerals of Romania. Ind. Miner. (London), No. 
186, Mar. 1983, p. 37. 

®Value converted from pounds sterling (£) to U.S. dollars 
at the rate of £1.00 = US$1.50. 

10Industrial Minerals (London). Company News & Min- 
eral Notes. No. 192, Sept. 1983, p. 81. 

!1Eisele, J. A., and D. J. Bauer. Recovery of Alumina 
From Anorthosite by an HCIl-F-Gas Sparging Crystalliza- 
tion Process. BuMines RI 8806, 1983, 11 pp. 

12Mehaffey, J. L. Dewatering Feldspathic Minerals 
From North Carolina. Paper in Process Mineralogy III. 
Applications in Metallurgy, Coal, Concrete, Smelting and 
Exploration, ed. by W. Petruk (SME-AIME Annu. Meeting, 
Atlanta, GA, Mar. 6-10, 1983). Soc. Min. Eng. AIME, 
Littleton, CO, July 1984, pp. 275-288. 

Glass Industry. Newsletter. V. 64, No. 8, Aug. 1983, 
p. 

14 


-1 Opens Processing Center for Recycled 
Glass. V. 64, No. 1, Jan: 1983, p. 8. 
15The Northern Miner (Toronto). Mineral Output Up by 
$2.2 Billion; Crude Oil Is Biggest Contributor. V. 69, No. 
46, Jan. 19, 1984, p. A2. 
16 Ash, D. R. Nepheline Syenite. Min. Eng., v. 35, No. 5, 
May 1983, p. 502. 
U.S. Embassy, Karachi, Pakistan. State Dep. Airgram 
E duds 19 3, pp. 14-15. 
ineering and Minne Eh In Europe—U.S.S.R. 
V. E o. 11, Nov. 1983, p. 1 


Ferroalloys 


By Gerald F. Murphy! and Raymond E. Brown! 


World demand for ferroalloys in 1983 was 
only slightly more than the low level of 
1982, because of continued weak demand by 
the iron and steel industry, the major con- 
sumer of ferroalloys. Demand for ferroal- 
loys in the United States was greater than 
that of most other countries. Overcapacity 
and oversupply were the main problems 
confronting world ferroalloy producers in 
1983. Despite this situation, a number of 
countries installed or planned to install 
additional ferroalloy capacity. Protectionist 
pressures were aggravated by the high val- 
ue of the U.S. dollar, by prolonged unem- 
ployment in Europe, and the need to earn 
trade surpluses in developing countries to 
pay off very large debts. 

Domestic Data Coverage.—Domestic pro- 
duction data for ferroalloys are developed 
by the Bureau of Mines by means of month- 
ly and annual voluntary domestic surveys. 
Typical of these surveys are the three sepa- 
rate monthly surveys for chromium alloys 
and metal, manganese alloys and metal, 
and silicon alloys and metal, and the annual 
survey for ferroalloys. Data presented in 
table 2 represent over 9596 of all ferroal- 
loys and ferroalloy metals produced and/or 
shipped. 

Legislation and Government  Pro- 
grams.—In December, the General Services 
Administration (GSA) awarded two con- 
tracts for the upgrading of chromium and 
manganese ores to high-grade ferroalloys. 
GSA initiated the solicitation of bids the 
previous June. Macalloy Corp., Charleston, 
SC, was awarded an approximate $23 mil- 
lion contract to convert 121,753 short tons of 


chromite into about 51,000 tons of high- . 


carbon ferrochromium, and Elkem Metals 
Co., Pittsburgh, PA, received an approxi- 
mate $10 million contract to upgrade 48,476 
tons of manganese ore into about 25,000 
tons of high-carbon ferromanganese. These 
were the first contracts let under the Presi- 


dent's upgrading program ordered in late 
1982 to maintain domestic ferroalloy fur- 
nace and processing capacity and improve 
stockpile readiness. | 

In March, following a request by The 
Ferroalloys Association, the President, by 
Executive Order 12413, removed imported 
high-carbon ferromanganese from special 
duty-free treatment allowed under the 
Generalized System of Preferences (GSP) 
for developing countries. In addition, the 
order removed two grades of Brazilian 75%. 
ferrosilicon and Brazils silicomanganese 
from GSP status. 

In November, the U.S. Trade Representa- 
tive, after consultation with the President 
and the National Security Council, request- 
ed the International Trade Commission to 
conduct an investigation under Section 406 
of the Trade Act of 1974 to determine if 
recent imports of Soviet 50%-grade ferrosil- 
icon had caused market disruptions. Section 
406 deals with products from centrally 
planned economy countries that compete 
unfairly with domestic industry or cause 
market disruptions. 

Following an administrative review, the 
U.S. Department of Commerce directed the 
U.S. Customs Service to collect cash depos- 
its of 1.53% in countervailing duties on 
shipments of ferrochromium (over 3% car- 
bon), ferromanganese (over 496 carbon), fer- 
rosilicon manganese, and ferrosilicon (60% 
to 80% silicon) from Spain. Also, Commerce 
instructed Customs to collect duties ret- 
roactively, ranging from 2.14% to 3.09% on 
shipments of affected ferroalloys during 
1980 and 1981. Commerce made a final 
decision in May that shipments of ferro- 
chromium from the Republic of South Afri- 
ca, between April and December 1981, 
received a subsidy of 0.4096 ad valorem but 
directed Customs not to assess countervail- 
ing duties, since the total subsidy was less 
than 0.50% and considered minimal. 


333 


334 


The Congressional Budget Office released 
a study dealing with strategic and critical 
-nonfuel minerals. The study shows that 
U.S. import dependence is almost total for 
minerals such as chromium and manga- 
nese, and others. Moreover, U.S. depend- 
ence on imported minerals is increasing. 
Several policy options to reduce this de- 
pendence are examined.? The Library of 
‘Congress also released a report on the 


y 
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by U.S. companies in the more promising 
foreign minerals development prospects. Al- 
ternate sources and more effective recycling 
would help reduce U.S. dependence on the 
Republic of South Africa for these critical 
and strategic materials. 


Table 1.—Government inventory of 
ferroalloys, December 31, 1983 


status of the domestic ferroalloy industry. (Thousand short tons) 
The report briefly explains the nature and Nom 
development of the ferroalloy industry, ex- Alloy Se stock- — mota] 
amines its relationship to the steel industry grade a: 
and output and demand, reviews economic 
aspects of various national security consid- ik aaron m i aie 
erations, and then examines a number of KEE e 19 319 
policy options.? SEH ebe 57 1 58 

The US. International Development Co- contained Bi FM 3 2 5 
operation Agency’s Trade and Development peo ees e bó 
Program was assessing alternate foreign Meluncabon et 29 15 99 
sources for critical and strategic materials, hee E ie i A í 
such as chromium and manganese, among Silicomangánese - oa ou 
others, in an attempt to attract investment 

DOMESTIC PRODUCTION 


Total domestic production of ferroalloys 
and ferroalloy metals was about 776,000 
tons, 1% less than the low levels of 1982. 
Weak demand and competition from low- 
priced imports were the main reasons for 
the decline in production. Production of the 
bulk ferroalloys (chromium, manganese, 
and silicon) and their respective metals in 
1983 was down by 9% but shipments were 
up slightly by 396 compared with that of 
1982. Demand for bulk ferroalloys and their 
respective metals increased by about 10% 
compared with that of 1982, and imports 
captured a larger share of the domestic 
market, 56% compared with 53% in 1982. 
Capacity utilization averaged 31%, compar- 
ed with 34% in 1982. Specialty ferroalloy 
producers like bulk ferroalloy producers 
also operated at low production levels owing 
to continued weak demand by consuming 
industries, primarily iron and steel. 

Although the domestic ferroalloy indus- 
try continued to operate at very low produc- 
tion rates, two companies began initial 
production of specialty ferroalloys. Ashland 
Chemical Co., Columbus, OH, began produc- 
tion of specialty ferroalloys at its new alu- 
minothermic and silicothermic reduction 
plant in Cleveland, OH, on September 15. 
Some of the company's production equip- 
ment was acquired from the The Pesses Co., 
a former specialty ferroalloys producer, 
scrap processor, and trading firm, which 


was declared bankrupt at midyear. Affiliat- 
ed Metals and Minerals Inc., headquarter- 
ed in Pittsburgh, PA, began initial produc- 
tion of specialty ferroalloys in February at 
its Zelienople plant. Initial output included 
ferromolybdenum and ferrovanadium. 

Foote Mineral Co.’s plants at Graham, 
WV, and Cambridge, OH, were shut down 
for about 1 month owing to a strike that 
began October 2. The Graham plant pro- 
duced ferrosilicon, while the Cambridge fa- 
cility produced ferrovanadium and ferrobo- 
ron. À new 3-year labor agreement was 
ratified by the workers and included wage 
and benefits concessions. 

The Hanna Mining Co. reopened its ferro- 
nickel operation located in Riddle, OR, on 
November 7. The facility, which was closed . 
in April 1982, is the only integrated nickel 
mine and smelter in the United States. 
Although the nickel market remained unfa- 
vorable, the reopening was made possible by 
a new power contract negotiated with the 
Bonneville Power Administration and a 
new 2-year labor agreement. The power 
contract calls for Hanna Nickel Smelting 
Co. to operate with a reduced power rate 
during offpeak hours. The new power rate 
amounted to seven mills per kilowatt hour 
compared with a previous rate of 20 mills 
per kilowatt hour. Labor concessions includ- 
ed wage and benefits modifications, and a 
fundamental shift in work rules permitting 


FERROALLOYS 


the plant to operate mainly at night and 
during other offpeak hours. 

Macalloy, Charleston, SC, reported that it 
will use its $23 million Government con- 
tract to convert stockpiled chromium ore to 
ferrochromium as the basis of the compa- 
ny's reorganization plan required under 
Chapter 11 of the Federal Bankruptcy Code. 
Macalloy filed for protection under Chapter 
11 in February 1982. Macalloy was the last 
U.S. company to independently produce 
50% to 55% charge chrome, the major 
grade used in steelmaking. Low chrome 
prices were claimed responsible for idling 
the two furnaces at its 150,000-ton-per-year 
plant. 

Ratification of a new labor agreement in 
July 1988 enabled Ohio Ferro-Alloys Corp., 
Canton, OH, to resume ferrosilicon produc- 
tion at its Philo, OH, facility, the company's 
only ferrosilicon plant. The plant had been 
idle since late 1982. The contract, which 
includes all three of the company's plants, 
called for an immediate wage reduction of 
$1.75 per hour and also provides for revi- 
sions in pensions, premium pay, vacation 
pay, and other worker benefits. The lengthy 
shutdown depleted Ohio Ferro-Alloy's in- 
ventories of some grades of magnesium 
ferrosilicon and had left stocks of other 
grades of regular-grade ferrosilicon and 
magnesium ferrosilicon at very low levels. 
The company resumed silicon metal produc- 
tion at its Powhatan Point, OH, plant after 
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being out of production since November 
1981. However, no concessions in wages or 
benefits were involved. 

SKW Alloys Inc, Niagara Falls, NY, 
established early in the year an independ- 
ent trading subsidiary, SKW Alloys and 
Metals Inc, to market the metallurgical 
products of SKW Canada (Montreal), Murex 
Ltd. (United Kingdom), and SKW Trostberg 
(Federal Republic of Germany). These com- 
panies produced ferrochromium, ferrosili- 
con, and ferrovanadium. SKW Alloys and 
Metals took over the marketing of SKW 
Alloys’ ferroalloys and other products late 
in the year. SKW Alloys’ plant in Calvert 
City, KY, was idled by a strike on Septem- 
ber 1, and remained down for the rest of the 
year. The plant produces both 50% and 75% 
ferrosilicon and other alloys. However, the 
company indicated that it would reopen the 
plant utilizing management personnel in 
January 1984 whether or not the strike was 
settled. This action was cited as necessary 
since the company stocks were reaching a 
low level. 

The Ferroalloys Association reported that 
its member companies consumed 4.1 billion 
kilowatt hours of electricity, up from 4.0 
billion in 1982. In addition, in 1983, its 
member companies employed 3,800 workers 
and reported losses amounting to $65 mil- 
lion before taxes, compared with $8,500 
workers and a $32 million profit in 1979. 


Table 2.—Ferroalloys' produced and shipped from furnaces in the United States 


1982 1983 
Production Shipments Production Shipments 
E Y T ended 
ross element ross ross element ross 
weight con- weight bt weight con- weight "EE 
(short tained (short sands) (short tained (short Sands) 
tons) (average tons) tons) (average tons) 
percent) percent) 
Ferromanganese?______ 119,200 82 98,400 $64,961 85,930 81 108,889 — $53,757 
Silicomanganese |... _ - 68,867 66 82,900 40,787 W 66 63,087 21,211 
Manganese metal . ... 18,589 100 18,085 25,319 W 100 W W 
Ferrosilicon?.. 298,947 53 317,345 161,715 314,955 54 359,115 179,346 
Silicon metal `... 76,603 98 80,805 102,787 121,890 99 123,076 113,479 
Chromium alloys: 
Ferrochromium _ _ _ _ — 91,905 61 82,353 53,087 19,928 65 39,510 34,802 
Other alloys*_ _____ _ 27,380 T50 36,961 30,602 16,471 39 13,696 18,645 
TOCA a eue 119,285 158 119,314 83,689 36,399 53 53,206 53,447 
Ferrocolumbium ______ W 65 W W W 64 W W 
Ferrophosphorus MENS 61,547 25 W W 14,992 25 62,077 7,010 
Other" zc 14,123 XX 109,177 172,962 142,037 XX 97,671 122,139 
Grand total ____ _ 837,761 XX 826,026 652,220 776,203 XX 867,121 550,389 
"Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” XX Not applicable. 


1Does not include alloys consumed in the making of other ferroalloys. 
2Includes fused-salt electrolytic low- and medium-carbon ferromanganese (massive manganese). 


3Includes miscellaneous silicon alloys. 


‘Includes ferrochromium-silicon, chromium briquets, exothermic chromium additives, other miscellaneous chromium 


alloys, and chromium metal. 


“Includes ferroaluminum, ferroboron and other complex boron additive alloys, ferromolybdenum, ferronickel, 


ferrotitanium, ferrotungsten, ferrovanadium, ferrozirconium, silvery iron, and other miscellaneous alloys. 
* s 
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Table 3.—Producers of ferroalloys in the United States in 1983 


Producer 


FERROALLOYS ___ 
(EXCEPT FERROPHOSPHORUS) 


Alabama Alloy Co. Inc -_-______:___._ 

Aluminum Co. of America, Northwest 
Alloys Inc. 

Ashland Chemical Co _ 


Autlan Manganese Corp ___________ - 
AMAX Inc., Climax Molybdenum Co. Div... _ 
Corp., KBI Div., Penn Rare Metal Div 
Chromasco Ltd., Chromium Mining & 

Seit ng Corp. Div. 
Dow Corning Corp- - ------------—- 
Elkem AS, Elkem Metals Co... 


Engelhard Corp., Chemstone Corp -....-. 
Foote Mineral Co., Ferroalloys Div --.---- 


Hanna Mining Co., The: 
Hanna Nickel Smelting o EE 
Silicon Div -= A ee 
Interlake Inc., Globe Metallurgical Div — — 


International Minerals & Chemical Corp., 
Industry Group, TAC Alloys Div. 
Kerr-McGee Chemical Corp... 


Pennzoil Co., Duval Corp- - ---------- 
Pesses Co., The ` -------------—- 


Reactive Metals and Alloys Corp ------- 


Reading Alloys Inc --------------- 
Reynolds Metals Co |... 
Satra Corp., Satralloy Inc. Div- -------- 
SEDEMA S.A., Chemetals Corp... 


SKW Alloys Inc ---------------—- 


South African Manganese Amcor Ltd., 
Roane Ltd. 

Teledyne Inc., Teledyne Wah Chang, 
Albany Div. 

Union Carbide Corp., Metals Div _______ 


Union Oil Co. of California, Molycorp Inc _ _ 


FERROPHOSPHORUS 


Electro-Phos Corp ________________ 
FMC Corp., Industrial Chemical Div _ _ _ _ _ 
Monsanto Co., Monsanto Industrial 
Chemicals Co. 
Occidental Petroleum Corp., Hooker Chemi- 
cal Co., Industrial Chemicals Group. 
Stauffer Chemical Co., 
Industrial Chemical Div___________ 


Plant location 


Lionville, PA ` _ 
Newcastle, PA ` 
Bessemer, AL- ` 
Addy, WA ______ 


Columbus, OH ___ 


Mobile, AL______ 
Langoioih, "ES 


Revere, P 
Woods 


Springfield, OR — — — 
A loy, WV em o a an am e 
Ashtabula, OH . — 
Marietta, OH ____ 
Niagara Falls, NY — 
Strasburg, VA ... 
Cambridge, OH 


Graham, 


New Johnsonville, 
TN. 


Riddle, OR. _— 
Wenatchee, WA .. 


Beverly, OH 


Selma, AL. 


Hamilton (Aber- 
deen), MS. 


Charleston, SC ..... 
Newfield, NJ .... 


Montgomery, AL _ 
Philo, OH = Seaton ae 
Powhatan Point, OH 
Sahuarita, AZ... 
Fort Worth, TX... 
Newton Falls, OH _ 


Pulaski, PA 


West Pittsburg, PA 


Robesonia, PA ` 
Sheffield, AL 
Steubenville, OH _ _ 
Kingwood, WV |... 


Calvert City, KY _ _ 
Niagara Falls, NY _ ' 
Rockwood! TN 


Albany, OR _____ 


Marietta, OH ____ 
Niagara Falls, NY _ 
Washington, PA _ _ 


Pierce, FL ______ 
Pocatello, ID ___ _ 
Columbia, TN ____ 
Soda SE s, ID __ 


la, ees 


Colum 


Mt. Pleasant, TN _ _ 
Silver Bow, MT ___ 


Tarpon Springs, FL 


tock, TN __ _ 


Keokuk, IA ... 


Solon, OH `. 


Products! 


FeAl, FeTi, FeZr ` _ _ 
FeMo, Fe 


FeB, FeCb, FeMo, FeTi, 
FeW, NiCb. 


Cr, FeB, FeCr, FeMn, 
FeSi, Mn, Si, SiMn, 
other.? 


FeSi, FeV, Mn, silvery 
pig iron, other.? 


FeNi,FeSi.. 
FeSi, Si ........- 


FeCr, FeSi, Si, SiMn. _ 
AA Ae 


FeCr, FeCrSi ____._. 
Cr, FeAl, FeB, FeCb, 
FeTi, FeV, other. 


FeAl, FeB, FeCb, FeMo, 
FeNi, FeTi, FeW, 
other.? 


FeAl, FeB, FeTi, 
other.? 


FeCr, FeCrSi, FeMn, 
FeSi, SiMn. 
FeMn, FeSi, SiMn _ _ _ 


FeV, FeW, other? |... 
Feb FeMo _______ 


Type of furnace 


Electric. 
Metallothermic. 
Do. 


Do. 


Electric and 
EES 


Metallothermic. 
Do. 
Electric. 
Do. 


Electric and 
electrolytic. 


Metallothermic. 


Electric and 
electrolytic. 


Electric. 

Do. 

Do. 

Do. 

Do. 
Electrolytic. 
Electric. 
Metallothermic. 
Electric. 
Metallothermic. 


Electric and 
metallothermic. 


Electric. 


Metallothermic. 
Electric. 


Do. 
Fused-salt electro- 
lytic. 
Electric. 


Do. 
Metallothermic. 


Electric. 


Electric and 
metallothermic. 


Electric. 
Do. 


Do. 
Do. 


Do. 


1Cr, Chromium metal; FeAl, ferroaluminum; FeB, ferroboron; FeCb, ferrocolumbium; FeCr, ferrochromium: FeCrSi, 
ferrochromium-silicon; FeMn, ferromanganese; FeMo, ferromolybdenum; FeNi, ferronickel: Feb, ferrophosphorus; FeSi, 
ferrosilicon; FeTi, ferrotitanium; FeV, ferrovanadium; FeW, ferrotungsten; FeZr, ferrozirconium; Mn, manganese metal; 


Si, silicon metal; SiMn, silicomanganese. 


2Includes specialty silicon alloys, zirconium alloys, and miscellaneous ferroalloys. 
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CONSUMPTION AND USES 


Reported consumption increased over 
that of 1982 for all ferroalloy categories 
except silicomanganese, ferroboron, ferro- 
molybdenum, and ferrovanadium. Total 
consumption of ferroalloys and ferroalloy 
metals, on a gross weight basis, increased 
moderately to 1.46 million tons, about 10% 
higher than in 1982. The increase was 
attributed to the modest recovery of the 
stee] and ferrous foundry industries and a 
surge in demand for silicon metal by the 
secondary aluminum industry. The main 
consumers of ferroalloys were the steel and 
ferrous foundry industries, amounting to 
90% of total ferroalloy consumption. Raw 
steel production and ferrous castings ship- 
ments rose by 13% to 85 million tons and 
8% to 10 million tons, respectively, compar- 
ed with 1982 figures. According to usage 
patterns of the respective ferroalloys, con- 
sumption trends generally paralleled mod- 
estly increased raw steel production and a 


similarly modest recovery in iron foundry 
activity, and a 42% greater production of 
stainless steel. 

Combined consumption for bulk ferroal- 
loys and their respective metals, accounting 
for about 95% of all ferroalloys and metals 
consumed, increased by about one-tenth 
compared with that of 1982. Consumption of 
chromium ferroalloys in stainless steel, its 
major end use, increased by a larger per- 
centage than that for other bulk ferroalloys, 
mainly owing to the increase in stainless 
steel production. Demand for ferronickel, 
which is also mainly consumed in the pro- 
duction of stainless steel, increased by 
slightly more than one-fifth compared with 
that of 1982. Although silicomanganese re- 
ported consumption was down in 1988, raw 
steel production was up. This decline, in 
part, may be the result of changing steel- 
making technology. 


Table 4.—U.S. consumption of ferroalloys as additives in 1983, by end use’ 


(Short tons of alloys unless otherwise specified) 


End use FeMn SiMn FeSi FeTi FeP FeB 
Steel: 
Carbonato a e lito da 341,075 50,199 261,938 7137 9,672 234 
Stainless and heat-resisting ------------. 16,327 4,418 251,128 1,709 (3) 18 
Otherallòy v- acna 77,360 19,063 231,781 134 1,543 160 
(tro eeepc A NE RENE 336 14 2835 Ss (3) En 
Unspecified - - - -- --------------—-—— 335 201 35,282 ae 7 EM 
Total Rt 435,433 13,955 180,964 3,180 11,222 412 
Cast ironi os E Le 15,056 7,993 171,204 38 2,030 
Superalloys. --—-------------------—— 4482 W 265 W — W 
Alloys (excluding alloy steels and superalloys) _ _ — 9,256 1,245 38,236 197 12 42 
Miscellaneous and unspecified |. 4,386 200 63,898 71 2,234 43 
Total consumption ______________~_ 464,613 83,393 454,567 3,486 15,558 497 
Percent of 1982 ________________~_ 3 79 106 141 122 48 


W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and unspecified." 
1FeMn, ferromanganese including spiegeleisen and manganese metal; SiMn, silicomanganese; FeSi, ferrosilicon 
including silicon metal, silvery pig iron, and inoculant alloys; FeTi, ferrotitanium; FeP, ferrophosphorus; FeB, ferroboron 


including other boron materials. 
"Part included with “Steel: Unspecified.” 
3Included with “Steel: Unspecified.” 
“Part included with ‘Miscellaneous and unspecified." 
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Table 5.—U.S. consumption of ferroalloys as alloying elements in 1983, by end use: 
(Short tons of contained elements unless otherwise specified) 


End use FeCr FeMo FeW FeV FeCb FeNi 

Steel: ; 
CAPDO Moo eege o eer 4,468 41 qe 577- 658 o 
Stainless and heat-resisting ._______________ _ 183,239 236 27 14 331 13,987 
Otheralloy s 5 c o n nde eL 24,341 603 W 1,682 615 589 
dio) a tae Sg SCIES EMO TU ER 2,317 228 51 426 (2) (3) 
Unspecified _____________________-_-__- (4) (4) on Sa 12 Sie 
Total ora a a eto e o ed E o 214,365 1,108 84 2,699 1,676 14,576 
TE EE 3,701 417 mae. 10 Sie 98 
Superalloys - - - -- ---------------------——— 7,254 62 W 10 469 330 
Alloys (excluding alloy steels and superalloys) - —- -- —_ ~~ 3,111 86 5 21 12 590 
Miscellaneous and unspecified__________________ 902 29 28 1 2 1 
Total consumption ` o... 229,333 1,702 117 2,741 2,159 15,595 
Percent of 1982 22 ia 146 91 124 92 117 101 


W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and unspecified.” 

1FeCr, ferrochromium including other chromium ferroalloys and chromium metal; FeMo, ferromolybdenum including 
calcium molybdate; FeW, se Stak ess e FeV, ferrovanadium including other vanadium-carbon-iron ferroalloys; FeCb, 
ferrocolumbium including nickel columbium; FeNi, ferronickel. 

2Included with “Steel: Unspecified.”’ 

3Included with “Steel: Other alloy.” 

“Included with “Miscellaneous and unspecified.” 

5Part included with “Miscellaneous and unspecified." 


Table 6.—Stocks of ferroalloys held by producers and consumers 
in the United States at yearend 


(Short tons) 
Producer Consumer Total 
1982 1983 1982 1983 1982 1983 


Loes (gross (gross (gross (gross (gross 
weight) weight) weight) weight) weight) weight) 


Manganese ferroalloys! .. --------- 98,185 261,143 183,119 157,350 281,304 218,493 


Silicon alloys? _________________ 177,726 79,934 28,728 28,053 206,454 107,987 
Ferrochromium*___________.___.__ 163,631 33,293 29,082 26,670 192.713 59,963 
Ferroboron® __________________ W 183 192 203 192 386 
Ferrophosphorus ______________-— 153,822 168,263 1,345 1,468 155,167 169,731 
Ferrotitanium ________________~_ W W 481 431 481 431 
Total. EE T493,364 342,816 242,947 214,175 736,311 556,991 
1982 1983 1982 1983 1982 1983 
(con- (con- (con- (con- (con- (con- 
tained tained tained tained tained tained | 
. element) element) element) element) element) element) 
Ferrocolumbium$ _______________ W W W W 380 399 
Ferromolybdenum"* ______________ 2,195 2,150 308 285 2,503 2,435 
Andie OA A A E iu ud umi pe We 7 a 
errotungsten —-— -— —-—---—------—--— 
Ferrovanadiumê_ -------------— 71,185 1,345 280 313 11,465 1,658 
Total ooo r3,380 3,495 1,755 1,389 r5,515 5,283 


"Revised. W Withheld to avoid disclosing company proprietary data. 
1Includes ferromanganese, silicomanganese, and manganese metal. 
2Part being withheld. 

3Includes ferrosilicon, miscellaneous silicon alloys, and silicon metal. 
‘Includes other chromium alloys and chromium metal. 

5Consumer totals include other boron materials. 

Consumer totals include nickel columbium. 

7Consumer totals include calcium molybdate. 

8Includes other vanadium-iron-carbon ferroaligys. 
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PRICES 
Depressed markets and competition 28%, respectively, while that of domestic 


among producers either prevented price 
increases or pushed prices down for ferroal- 
loys, despite rising production costs. Al- 
though prices began to firm toward year- 
end, they were still lower than those in 
1982. In certain instances, ferroalloys were 
reportedly being offered at a substantial 
discount from published prices. Posted 
prices of individual imported ferroalloys 
were lower than those of domestically pro- 
duced ferroalloys. The average posted price 
for both domestic and imported high-carbon 
ferrochromium declined about 20% com- 
pared with that of 1982, and imports were 
priced 5% lower than domestic material. 
The listed price quotation for domestic high- 
carbon ferromanganese was meaningless 
and unchanged. However, the average post- 
ed price of high-carbon ferromanganese im- 
ports was down 17% to $320 per long ton of 
alloy, and the average price of imports was 
35% less than U.S.-produced alloys compar- 
ed with a 21% differential in 1982. Year- 
end price differentials between domestic 
and imported silicomanganese narrowed 
from 33% in 1982 to 14% in 1983, but the 
average price differentials between domes- 
tic and imported material widened slightly 
from 20% in 1982 to 23% in 1983. The price 
differential between imported and domestic 
50% ferrosilicon, 75% ferrosilicon, and sili- 
con metal narrowed as the yearend price of 
imported material rose by 8%, 14%, and 


material declined by 4%, 9%, and 3%, 
respectively. However, the average price for . 
these domestic and imported materials in 
1983 declined by as little as 2% for imported 
75% ferrosilicon to as much as 12% for 50% 
ferrosilicon. 

Domestic producers of specialty ferroal- 
loys also showed great willingness to dis- 
count aggressively and compete with im- 
ports. For example, posted prices of domes- 
tically produced ferronickel remained con- 
stant at $3.16 per pound of contained nickel, 
but actual sale prices were reportedly near 
$2.00 and listed prices of domestically pro- 
duced ferrovanadium ranged from $5.80 to 
$8.50 per pound of contained vanadium, but 
offering prices were reportedly near $4.00. 
Prices for domestic ferroalloys are shown in 
the following tabulation: 


Yearend price? 


Alloy 
1982 1983 

Charge chromium (66% to 70%) _ _ $0.43 $0.42 
Low-carbon ferrochromium, 0.02% 

maximum carbon (Simplex). _ . — 1.00 1.00 
Standard 78% ferromanganese, 

per long ton of alloy ______-_-_ 490.00 490.00 
Ferromolybdenum, dealer export_ — 3.30 4.45 
Ferronickel ___________- 3.16 3.16 
Ferrosilicon, 50% __________-_ .4500 .4300 
Ferrosilicon, 76% ___________ 4700 4300 


1Per pound contained, except as noted otherwise. If 
range of prices was quoted, the lowest price is shown. 


FOREIGN TRADE 


The trade deficit for ferroalloys increased 
from $323 million in 1982 to $361 million in 
1983. However, a deficit of $1 million for 
ferroalloy metals in 1982 changed to a 
surplus of $14 million in 1983. 

The quantity of exported ferroalloys and 
ferroalloy metals on a gross weight basis 
increased 57% to about 75,000 tons. The 
quantity and value of exported ferroalloys 
and ferroalloy metals were 7% and 22% of 
the quantity and value of imports, respec- 
tively, compared with 6% and 20%, respec- 
tively, in 1982. 

Total imports of ferroalloys and ferroal- 
loy metals increased 20% compared with 
those of 1982, to about 1 million tons. Of the 
manganese ferroalloy imports, only high- 
carbon ferromanganese showed a decrease, 
by about one-third compared with that of 
1982. Imports of silicomanganese were a 
little more than double, while those of low- 
carbon ferromanganese were slightly less 


than double those of 1982. Both regular 
grade of 50% ferrosilicon (80% to 60% 
silicon) and 75% ferrosilicon (60% to 80% 
silicon) imports increased dramatically, 
about triple and double those of 1982, re- 
spectively. Of the chromium ferroalloy im- 
ports, only high-carbon ferrochromium 
showed an increase, slightly more than 
double those of 1982. Imports of chromium 
and silicon (99% to 99.7% silicon) metal also 
increased dramatically by about two-thirds, 
compared with 1982 totals. Manganese met- 
al imports were little changed. Ferrotita- 
nium and ferrosilicon-titanium imports 
were about six times those for 1982, while 
imports of ferromolybdenum decreased by 
about three-tenths. Ferroalloy and ferroal- 
loy metal imports were equal to 69% of 
reported consumption, up from 64% in 
1982. 

Ferroalloy and ferroalloy metals import- 
ed into the United States in 1983 were 
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supplied by the following sources: Africa, 
35%; Europe, 33%; the Western Hemi- 
sphere, 25%; and Asia, 5%, compared with 
43%, 26%, 23%, and 4%, respectively, in 
1982. The Republic of South Africa and 
Zimbabwe collectively shipped to the Unit- 
ed States 73% of its chromium ferroalloys, 
up from 64% in 1982. Brazil’s share of 
chromium ferroalloy imports to the United 
States decreased from 12% in 1982 to 3% in 
1983. Major sources for imported manga- 
nese ferroalloys were the Republic of South 
Africa with 29% and France with 24%, 
compared with 46% and 19%, respectively, 
in 1982. Europe's overall share increased 
from 29% in 1982 to 45% in 1988. The 
Western Hemisphere, Canada, Brazil, and 
Mexico furnished 22% of the manganese 
ferroalloy imports, compared with 19% in 
1982. Brazil's and Mexico's shares were up 
significantly, while Canada's share showed 
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a comparable decline. The leading suppliers 
of ferrosilicon were Norway (20%), Brazil 
(19%), Canada (19%), and Venezuela (16%), 
compared with 14%, 40%, 14%, and 11%, 
respectively, in 1982. The principal sources 
of ferronickel imports were the Dominican 
Republic (41%), New Caledonia (22%), Co- 
lombia (17%), and Japan (9%), compared 
with 0%, 59%, 1%, and 40%, respectively, 
in 1982. Major suppliers of ferroalloy metal 
imports were Canada with 42% and Brazil 
with 21% of the silicon metal compared 
with 45% and 8%, respectively, in 1982; the 
Republic of South Africa with 89% and 
Canada with 11% of the manganese metal 
compared with 97% and 2%, respectively, 
in 1982; and Japan and the United Kingdom 
combined with 77% and China with 11% of 
the chromium metal, compared with 81% 
and 8%, respectively, in 1982. 


Table 7.—U.S. exports of ferroalloys and ferroalloy metals 


1981 
Allo Quantity 
d (short 
tons) 
Ferroalloys: 
Ferrocerium and alloys... — 11 
Ferrochromium and ferrochromium- 

o noue E 14,098 
Ferromanganese. ~- ------------ 14,925 
Silicomanganese_------------- 3,941 
Ferromolybdenum `... 228 
Ferrophosphorus ------------- 7,463 
Ferrosilicon ---------------- 15,768 
Ferrovanadium `... 434 
Ferroalloys, n.e.c ------------- 6,358 

Total ferroalloys ----------- 63,226 
Metals: 

Manganese - - - -------------—- 2,523 

Silicon- ---------------———- 8,673 

Chromium ___~_~_ ~~~ ~~~ 395 

Total ferroalloy metals ___.__-_-_ 111,592 

Grand total, 74,818 


1982 1988 

Value Quantity Value Quantity Value 

(thou- (short (thou- (short (thou- 

sands) tons) sands) tons) sands) 
$117 27 $264 41 $872 
10,861 4,948 5,081 4,247 4,822 
12,477 10,811 7,517 8,433 ,165 
2,172 2,952 1,582 6,426 1,746 
2,984 128 675 85 687 
2,081 4,081 1,402 26,983 8,716 
12,186 14,932 11,996 ,338 10,712 
,397 326 3,436 775 6,144 
8,439 4,980 8,481 5,775 ,965 
55,114 42,630 140,388 66,053 41,929 
3,980 2,948 3,861 6,391 8,531 
51,001 2,11 34,335 ` 2,161 41,826 
5,209 213 2,685 238 2,055 
66,190 5,572 40,881 9,396 58,912 
121,304 48,202 81,269 100,841 


1Data do not add to total shown because of independent rounding. 
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Table 8.—U.S. imports for consumption of ferroalloys and ferroalloy metals 
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Alloy 


Manganese alloys: 

Ferromanganese containing less than 196 
Carbon 2.05 c mco A 

Ferromanganese containing over 1% and less 
than 4% carbon ____________-____ 

Ferromanganese containing 4% or more 
d EE 

Ferrosilicon-manganese - —- -----------—- 

Spiegeleisen____________-________ 


Total manganese alloys?___________ 


Ferrosilicon: 
8% to 30% silicon. __ _______________ 
30% to 60% silicon, over 2% magnesium _ _ _ — 
30% to 60% silicon, n.e.c ~_-__________~_ 
60% to 80% silicon, over 3% calcium __ — _ _ _ 
60% to 80% silicon, n.e.c ------------- 
80% to 90% silicon _________________ 
Over 90% silicon __________________ 


Total ferrosilicon?_______________ 


Chromium alloys: 
Ferrochromium containing 3% or more 
VOBPDOD AMA ae Se 


Total chromium alloys? |... 
Ferronickel -—-------------------—— 


Other ferroalloys: 
Ferrocerium and other cerium alloys _ _ _ — — 
Ferromolybdenum ________________ _ 
Ferrophosphorus `~- —-—------------—-—- 
Ferrotitanium and ferrosilicon-titanium _ _ _ — 
Ferrotungsten and ferrosilicon-tungsten _ _ _ _ 
Ferrovanadium ______________-___ _ 
Ferrozirconium |... ooo 
Ferroalloys, n.e.c.£_________________ 


Total other ferroalloys®? ___________ 
Total ferroalloysé _______________ 


Metals: 
Manganese `. LLL LLL LL ll Lll 
Silicon (96% to 99% silicon)_ _________-_-_ 
Silicon (99% to 99.7% silicon)_________--_ 
Chromium Ls is ts 


Total ferroalloy metals? ___________ 
Grand total __________________ 
XX Not applicable. 


1Manganese content only. 
2Not recorded. 


Gross 

weight 
(short 
tons) 


3,858 
25,907 
462,944 
62,095 
43 


554,846 


118,491 


22,819 
6,993 


148,304 
21,351 


810,246 


5,226 
13,366 
12,322 

1,850 


32,764 
843,011 


1982 . 


Content 
(short 
tons) 


3,393 
21,124 
359,185 
141,121 
(?) 
424,824 


69,357 


15,417 
2,725 


XX 


3Data may not add to totals shown because of independent rounding. 


‘Principally ferrocolumbium. 


WORLD REVIEW 


The world ferroalloy industry continued 
to be confronted with two main problems, 


overcapacity and oversupply, primarily ow- 


ing to the continuation of a shrinking world 


steel market. Changes in steelmaking tech- 


Value 
(thou- 
sands) 


$3,807 
15,159 
135,524 
21,471 
20 


175,986 


55,796 


21,699 
3,322 


80,817 
28,215 


19,764 
37,599 
362,960 
5,213 
13,494 
13,246 
10,078 
42,032 


404,992 


Gross 

weight 
(short 
tons) 


6,967 
29,442 
305,199 
139,657 
157 


481,421 


159,443 


263,546 


16,757 
1,438 


281,741 
45,134 


973,114 


5,950 
7,535 
19,953 
3,092 


36,530 


1,009,644 


1983 


Content 
(short 
tons) 


5,957 
23,735 


236,668 
191,992 
(?) 


358,352 


3,658 
79,512 
15 


106,012 


151,285 


11,713 
579 


163,577 
16,696 


Value 
(thou- 
sands) 


$5,410 
13,952 
73,721 
40,117 

91 


133,290 


67,445 


93,738 


15,274 
670 


109,682 
65,264 


14,400 
27,631 
403,312 
5,323 
6,665 
19,699 
13,687 


45,374 
448,686 


nology also resulted in less ferroalloy con- 
sumption, thereby contributing to reduced 
demand for these materials. Despite a 
shrinking world market for ferroalloys, new 
capacity was either planned, under con- 
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struction, or placed on-line in a number of 
countries such as Brazil, Egypt, Greece, 
Iceland, India, the Philippines, and Yugo- 
slavia. Silicon metal, which is also produced 
in submerged arc furnaces like most bulk 
ferroalloys, is primarily dependent on 
the aluminum industry, which rebounded 
strongly in 1983, resulting in increased 
demand for silicon metal. Because of the 
shrinking market for their products, in- 
tense competition arose among producers in 
their efforts to increase market share and 
recover losses. The three large ferroalloy 
consuming markets, Europe, Japan, and the 
United States, have not. only stopped grow- 
ing in the last few years, but have become 
smaller. As a result, many countries have 
applied trade restraints to protect their 
domestic markets. Protectionist pressures 
were aggravated by the high value of the 
U.S. dollar, by prolonged high unemploy- 
ment in Europe, and the need by developing 
countries to earn trade surpluses to pay off 
very large debts. 

Following a decision to raise prices for 
ferrosilicon exports to the European Eco- 
nomic Community (EEC) by producers in 
Iceland, Norway, Sweden, Venezuela, and 
Yugoslavia the EEC decided against taking 
protective action on imports of ferrosilicon 
from these countries. Investigation by the 
EEC had established earlier that dumping 
had occurred and that there had been 
injury to EEC producers. The EEC main- 
tained, however, that the price increases 
would eliminate injury to EEC ferrosilicon 
producers and also eliminate the dumping 
margin, estimated at 26% for Venezuelan 
and . Yugoslav ferrosilicon exports and at 
12% for exports from Iceland, Norway, and 
Sweden. The EEC also set quotas for duty- 
free imports of ferrosilicon and other fer- 
roalloys and set a minimum price for ferro- 
silicon imports to protect their members. 

Australia.—Comalco Pty. Ltd. and Agnew 
Clough Ltd. planned to establish a joint 
venture to produce silicon metal. Agnew 
Clough already controls the silica deposit 
located near Moora, Western Australia. The 
companies have already negotiated power 
contracts with the State Energy Commis- 
sion. The plant was expected to produce 
about 25,000 tons per year, including high- 
purity, chemical-grade metal for use in 
semiconductors and photovoltaic cells. The 
project was expected to be started by mid- 
1984 and will be Australia’s first entry into 
silicon metal production.‘ 

Brazil.—Brazil continued to expand its 
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ferroalloy industry as part of its general 
plan to develop and exploit its abundant 
natural resources. However, some major 
projects have been delayed owing to lack of 
funding. Brazilian ferroalloy producers 


. planned to increase total furnace capacity 


to 1,000 megavolt amperes (MV+A) by 1990 
from 650 MV*A currently. This expansion, 
undertaken despite a large world overca- 
pacity, elicited sharp criticism from other 
ferroalloy producers. 

The Carajás metallurgical manganese 
project has been delayed for 1 year along 
with the iron ore project in that area 
because financial considerations forced the ` 
Government to trim back some of its plans. 
Cia. Vale do Rio Doce (CVRD), the State- 
owned minerals company responsible for 
the project, claimed a savings of nearly $500 
million by shelving the metallurgical man- 
ganese project. CVRD officials said the 
battery-grade manganese ore project will 
continue. Production of this material began 
in 1983, and the first exports of ore took 
place in November. 

Empresa de Desenvolvimento de Recursos 
Minerais S.A. (CODEMIN) put into oper- 
ation in May the second furnace at its 
ferronickel plant in Goiás following a delay 
caused by technical problems. CODEMIN, a 
subsidiary of Morro do Niquel S.A. Min- 
eracáo Industria e Comércio, began export- 
ing some of its ferronickel production be- 
cause of weak domestic demand. Total plant 
capacity is rated at about 7,700 tons per 
year. Produtos Metalürgicas S.A., a Brazil- 
ian ferromanganese producer, and Metals 
de Goiás S.A. have formed a $6 million 
venture, Goiasnibio, to begin producing fer- 
rocolumbium in 1984. The company plan- 
ed to program the total production for 
export. Construction of the project, in the 
Catalao region of Goiás, was scheduled to 
begin in October 1983. 

Italmagnésio S.A. Indüstria e Comércio a 
major ferrosilicon producer engaged mainly 
in export, planned to further expand its 
production of 75% ferrosilicon and silicon 
metal by installing a second 24-MV+A elec- 
tric furnace at its Varzea da Palma plant in 
Minas Gerais to produce either about 20,000 
tons of ferrosilicon or about 13,000 tons of 
silicon metal. The first furnace was in- 
stalled in the first half of 1983. The new 
furnace was scheduled to begin operating in 
late 1984. The company earlier in 1983 
installed a 0.85-MVeA smelting furnace ca- 
pable of producing high-purity 90% ferrosi- 
licon and  semiconductor-grade silicon 
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metal. Cia. de Ferro-Ligas da Bahia S.A., 
which had switched two ferrochromium fur- 
naces to ferrosilicon production early in the 
year because of poor demand, announced 
late in the year that one of the furnaces was 
to be reconverted to ferrochromium produc- 
tion. The reconversion to ferrochromium 
production was in response to a dramatic 
increase in demand, both in Brazil and 
worldwide. Ferroligas de Minas Gerais S.A. 
(Minasligas) announced plans that would 
triple its ferrosilicon production of about 
13,000 tons per year by 1985. The expansion 
project was to include the installation of 
two new furnaces that will be capable of 
producing 45% to 95% ferrosilicon as well 
as silicon metal. Most of Minasligas’ produc- 
tion was expected to be exported. 

CVRD, the Brazilian State mining organi- 
zation, planned to build a 25,000-ton-per- 
year ferrosilicon furnace, instead of two pig 
iron plants. The ferrosilicon plant was to be 
located at Nova Era. Mitsubishi Mining Co. 
was expected to contribute to the required 
investment of $25 million, with the entire 
production destined for the Japanese 
market. Electrometalur S.A. Industria e 
Comércio, a ferroalloy producer, began sili- 
con metal production in April 1983 in a new 
5,500-ton-per-year furnace. Later in the 
year, the company began building a second 
6,600-ton-per-year silicon metal furnace, 
which was scheduled to come on-line by the 
third quarter of 1984. The major market 
for the new production was to be Japan. 
Electrometalur also planned to increase 
calcium silicide production from the cur- 
rent 5,500 tons per year to about 13,000 tons 
per year. Overall, the largest market for 
Electrometalur's silicon materials is the 
United States. Camargo Correa S.A. was 
given authorization by the Brazilian Gov- 
ernment for construction of a silicon metal 
plant in the Carajás region. The facility was 
to have four furnaces, each with a capacity 
of 8,800 tons per year. The first was schedul- 
ed to come on-stream by yearend 1985, with 
the other three to be completed and to begin 
production sequentially in 1986. In the 
course of its work on the Tucurui Dam, 
Camargo Correa located a large deposit of 
high-purity quartz gravel. Ample supplies 
of timber are available locally for charcoal, 
with relatively cheap hydroelectric power to 
be made available from the Tucurui hydro- 
electric project.* 

China.—China and Albania signed bilat- 
eral trade agreements under which Albania 
was to supply China with a minimum of 
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88,000 tons of chrome ore in 1983 and was 
also to supply China with ferrochromium. 
In exchange, China will ship cotton, ma- 
chinery, chemicals, and other products. 
This was the first link between the two 
countries since their ideological split in 
1978 and was expected to have long-term 
effects on China's need for chromium- 
containing products. China also purchased 
chrome ore from Madagascar, New Cale- 
donia, and Turkey. 

Colombia.—Cerro Matoso S.A., a joint 
venture between the Colombian Govern- 
ment, Billiton International Metals BV, and 
Hanna Mining, shut down its 25,000-ton- 
per-year ferronickel furnaces for repairs in 
December 1983. The smelter, which came 
on-line in June 1982, was operating at about 
80% of capacity. Production was expected to 
resume at the end of January 1984. The 
company announced that all shipments 
were to be made from existing stocks.’ 

Egypt.—The Egyptian Ferroalloy Co., a 
state-owned firm at Edfu on the Nile, ex- 
pected to put on-line two of its planned four 
21.5-MV+A furnaces by the end of 1984. The 
company expected to be operating at full 
capacity of about 55,000 tons per year of 
75%-grade ferrosilicon during 1985. Most of 
the production was to be exported since 
only a small portion would be required to 


. meet Egypt’s domestic needs. Low-cost hy- 


droelectric power was to be available from 
the Aswan Dam.’ 

Finland.—Outokumpu Oy and Etibank of 
Turkey have established a joint marketing 
company in Finland. This marketing agree- 
ment followed previous cooperative activi- 
ties in Turkey, which included the modern- 
ization and expansion of the Kefdag chrome 
concentrator and the construction of a high- 
carbon ferrochromium plant at Elazig. 
Outokumpu Oy planned to double the ca- 
pacity of its Tornio ferrochrome plant to 
132,000 tons of charge chrome by 1986. Most 
of the production was to be used in the 
company’s stainless steel plant, which is 
also at Tornio.? 

Gabon.—Elkem Metals, United States, 
and Elkem AS, Norway, acquired 6% of 
Compagnie Miniére de l'Ogooue S.A. (CO- 
MILOG), a Gabonese manganese ore pro- 
ducer. Other COMILOG owners include 
United States Steel Corp. the Gabonese 
Government, and various French compa- 
nies. The purchase gives the companies a 
dependable supply of high-quality manga- 
nese ore for their ferromanganese oper- 
ations, which require about 970,000 tons of 
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ore per year.!? 

Greece.—Hellenic Ferroalloy S.A., a sub- 
sidiary of the state-controlled Hellenic In- 
dustrial Mining & Investment Co. (HIMIC), 
began production of ferrochromium at its 
new facility at Tsingeli near Volos early 
in 1988. Plant capacity was expected to 
reach about 50,000 tons per year of high- 
carbon ferrochromium. Chromite feed for 
the smelter was supplied from HIMIC’s 
Skoumtsa mines, with reserves estimated to 
be 3 to 4 million tons. HIMIC was expand- 
ing production of ore from 660 to 1,100 tons 
per day to meet the new project’s needs. The 
ore was concentrated to produce a product 
containing 50% to 52% chrome oxide and 
with a 3:1 chromium-to-iron ratio. A new 
concentration plant to be put in operation 
in 1983 was to convert 275,000 tons of ore 
per year into 66,000 tons of concentrate. 
HIMIC is also exploring and developing two 
chromite mining sites in the Volos area and 
another two in Macedonia.” 

The Greek Bank for Industrial Develop- 
ment and Tsvetmetproexport, U.S.S.R., 
agreed to cooperate in the exploration for 
chromite and other ore deposits in Greece. 
Greece's Institute of Geological and Mining 
Research put forth a plan for exploration 
for chromite and several other minerals for 
inclusion in the Government's new 5-year 
economic development plan (1983-87). 

Iceland.—Icelandic Metal PLC signed a 
contract with Mannesmann Demag, Fede- 
ral Republic of Germany, for the engineer- 
ing and supply of two 33-MV*A furnaces 
and auxiliary equipment for a silicon metal 
plant with a capacity of about 28,000 tons 
per year. Final approval of the project by 
the Icelandic Parliament was contingent on 
the company’s success in getting a foreign 
partner to bear a substantial part of the 
cost burden. The plant will need to import 
all its raw materials, although the entire 
output will be for export.'? 

India.—India's bulk ferroalloy industry 
was forced to cut back production early in 
1983 because of severe power cuts, especial- 
ly in Orissa and Karnataka States, which 
are dependent on hydroelectric power. How- 
ever, the massive power cuts were partially 
restored subsequent to the onset of the 
monsoon season. 

Two ferrochromium plants started pro- 
duction in India. Ferro Alloys Corp. Ltd. 
(FACOR) and Indian Metals and Ferroal- 
loys Ltd. (IMFA) commissioned their charge 


chrome furnace in March and February, 


respectively. However, there was little pro- 
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duction until later in the year because of 
massive power cuts, when 50% of the power 
required was restored to both charge 
chrome furnaces. FACOR’s plant, at Randia 
in Balasore District, Orissa State, has a 45- 
MV+A furnace, built by Tanabe Kakoki Co. 
Ltd., Japan. Production capacity is rated 
at 55,000 tons per year of 55%-chromium 
charge chrome. Plant output was to be 
marketed by Marc Rich and Co. and slated 
for the United States and Japan. IMFA's 
plant at Therubali, Orissa State, has a 39- 
MVeA furnace with a capacity of 55,000 
tons of charge chrome per year. The new 
furnace, installed in 1982, was originally 
intended for ferrosilicon production, but 
was converted to charge chrome to allow 
earlier production of this material. Produc- 
tion will be for export only and marketed 
through Elkem of Norway. Apparently un- 
able to readily procure suitable chromite 
locally, the company was granted a Govern- 
ment permit to import Albanian chromite. 
IMFA also planned to construct a new 
charge chrome furnace with an annual 
capacity of 55,000 tons at Choudar despite 
the conversion of the other furnace.!* Orissa 
Mining Corp, a State-owned company, 
planned to bring a charge chrome plant on- 
line early in 1985. The plant would have an 
annual capacity of 55,000 tons. Technical 
collaboration would be provided by Outok- 
umpu Oy, Finland, and marketing assis- 
tance from Klóckner & Co., Federal Repub- 
lic of Germany.'5 

Sandur Manganese and Iron Ores Ltd. 
began producing ferromanganese in its 
plant in Karnataka, with the total amount 
produced dependent on the availability of 
electricity. The company converted one of 
its 20-MVeA ferrosilicon furnaces to ferro- 
manganese production. Production was ex- 
pected to go to Indian consumers. Sandur 
can meet 60% to 70% of its ore require- 
ments from captive mines; the ores of which 
are low in phosphorus. 

Nava Bharat Ferro Alloys Ltd., Andhra 
Pradesh, installed a third 16.5-MVeA Soviet 
furnace, apparently to be used for calcium 
silicon production. Another plant, with a 
capacity of 11,000 tons per year, was sched- 
uled to come on-line in Andhra Pradesh.!* 

Indonesia.—P.T. Aneka Tambang (An- 
tam), a state-owned metal company, termi- 
nated its 10-year contract to supply Japan's 
four nickel smelters at the end of June. The 
Japanese agreed to ending the contract, 
under which the Japanese companies were 
to import all of the ferronickel produced by 
Antam at its 4,400-ton-per-year plant, be- 
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ginning in 1976. The decline in ferronickel 
demand forced Japan to cut its imports by 
50%. Sumitomo Metal Mining Co. Ltd. 
Nippon Yakin Kogyo Co., Nippon Mining 
Co. Ltd., and Pacific Metals Co. Ltd. com- 
prise Japan’s four ferronickel producers, 
with only Nippon Yakin also being a stain- 
less steel producer." P.T. International 
Nickel Indonesia, a subsidiary of Inco Ltd., 
cut back production by about one-half at the 
beginning of 1983, owing to weak demand. 
The plant, which produces 75% nickel 
matte and ferronickel, planned to operate 
only one furnace. The company is a major 
supplier of the Japanese market. 

Italy.—Exploration directed by Società 
per Azioni Minero-Metallurgiche discovered 
manganese nodules that contain 40% to 
41% manganese on the bed of the Tyrrhen- 
ian Sea between Rome and Sicily. More 
work was planned to determine whether or 
not the deposit is large enough for economic 
development. The advantages of these nod- 
ules is that they lie in relatively shallow 
water, about 230 feet, and within Italian 
territorial water. More nodules are ex- 
pected to be found as exploration proceeds 
to as deep as 13,000 feet. 

Montedison S.p.A., which had reported 
record losses for 1982, reported that its 
ferroalloy division operated at near capaci- 
ty in 1983 for ferrochromium production, 
44,000 tons. 

Japan.—The Ministry of International 
Trade and Industry (MITI) began a stock- 
pile program for chromium, manganese, 
molybdenum, nickel, vanadium, and others 
with the aim of achieving a 60-day con- 
sumption volume over a 5-year period. The 
system is comprised of a national stockpile 
financed by the Government, with a 25-day 
supply; a joint stockpile financed privately 
and by the Government, with a 25-day 
supply; and a privately financed stockpile, 
with a 10-day supply. MITI, who achieved a 
9-day supply in the national and joint stock- 
piles in 1983, planned to add a 2-day supply 
to the national stockpile in 1984. MITI also 
planned to erect warehouses to store the 
materials.'* MITI’s duty-free import quotas 
in fiscal year 1983 for ferrochromium and 
ferrosilicon were about 24,800 tons and 
13,726 tons, respectively. Brazil, China, the 
Philippines, Venezuela, and Zimbabwe are 
the countries likely to benefit from the 
quotas. The duty on imports of ferrochro- 
mium and ferrosilicon above the quotas is 
8% and 3.8%, respectively. Total 1983 im- 
ports of ferrochrome and ferrosilicon were 
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about 327,000 tons and 301,000 tons, respec- 
tively. The dominant supplier of ferro- 
chrome was the Republic of South Africa, 
with Norway and Brazil the leading suppli- 
ers of ferrosilicon. 

Production of ferrochromium continued 
to decline, while consumption showed an 
increase. As a consequence, Japanese stain- 
less steel makers are seeking an increase in 
the duty-free import quotas for ferro- 
chrome, beginning April 1, 1984. Awamura 
Metal Industry Co. Ltd., planned to shut 
down one of its two furnaces at its Uji plant. 
Japan Metals and Chemicals Co., which had 
decided to permanently close its 22,000-ton- . 
per-year Sakata plant was apparently re- 
considering this action because of rising 
demand and prices. ? Showa Denko RR 
planned to close its Toyama plant, which 
was idled in August. 

The Specific Industries Restructure Law 
became effective July 1, replacing the De- 
pressed Industries Law. The new law pro- 
vides for a reduction of production capacity 
in structurally depressed materials pro- 
ducing industries. The Japanese ferroal- 
loy industry was designated as one that 
came under this law. Producers of energy- 
intensive products such as silicon metal, 
ferrosilicon, and ferrochromium have been 
unable to compete with imported materials, 
mainly owing to high electricity costs. Ja- 
pan's electric power is produced mostly 
from oil-fired powerplants. MITI was ex- 
pected to review a plan that would further 
reduce Japan's ferrosilicon capacity by 
about 14% to 330,000 tons per year by 1986. 
Nippon Keiso Kogyo K.K., Japan's only 
silicon metal producer, ended production at 
its Minamuta plant at the end of 1982. 
Japanese consumers of the metal subse- 
quently called for tariff removal on imports. 
Japan imported an alltime high of about 
88,000 tons of silicon metal in 1983, about a 
30% increase over that of 1982. The main 
suppliers were China, Norway, the Republic 
of South Africa, France, and Brazil In 
response to the high level of ferrosilicon 
imports, Japanese ferrosilicon producers 
prepared a report aimed at prompting an 
antidumping investigation against seven 
countries.2° Kobe Steel Ltd. planned to close 
its ferroalloy plant at Kochi. The plant 
produces ferromanganese and ferrochrome 
and has a capacity of 11,000 tons per year. 

Though Japan is the Western World's 
leading producer of ferromanganese, Japa- 
nese producers were deeply concerned that 
Nissan Motor Co. Ltd.’s barter arrange- 
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ment, in which Mexican ferromanganese 
was exchanged for automobile parts, may 
set a precedent. Autlan, Mexico, was being 
. replaced by Gabon as a major supplier of 
manganese ore to Japan. Ferromanganese 


producers in Japan have fewer problems 


since ferromanganese is the least energy 
intensive of the bulk ferroalloys.?! 

Japanese import duties on ferrosilicon, 
ferromolybdenum,  ferrotungsten,  ferro- 
columbium, and silicochrome were to be 
reduced from 3.8% to 3.7% beginning April 
1984, 2 years ahead of schedule. The import 
duty on ferronickel was to be reduced a 
more significant amount, from the current 
9.3% to 6.5%, moving up the schedule by 3 
years. Imports of ferronickel amounted to 
about 40,000 tons in 1983. 

Mexico.—Cía. Minera Autlán S.A. de 
C.V. was reported to be seeking joint ven- 
ture agreements with U.S. companies as 
part of its long-range expansion plans. The 
proposal most likely to attract U.S. firms 
centers on development of Autlán's Noapa 
manganese ore deposit in Hildalgo, north- 
east of Mexico City, where the company 
already operates one open pit mine. Noapa 
ore contains about 28% manganese in the 
form of manganese carbonate. Only an open 
pit and a calcining kiln would be needed to 
develop it. Other proposals include develop- 
ment of the company's lower grade Molango 
deposit, and the expanding of Autlán's re- 
fining capacity at its ferroalloy plant in 
Tampico. Autlán holds the largest manga- 
nese ore reserves in North America. The 
United States currently imports most of its 
ferromanganese from the Republic of South 
Africa, with a large part of the cost due to 
transportation charges. A substantial in- 
crease in Autlán's ferromanganese capacity 
would likely result in the company gaining 
a larger share of the U.S. market.?? 

New Caledonia.—Société Métallurgique 
le Nickel (SLN) was restructured in May 
because of high debts and massive losses on 
its nickel mining operations. Entreprise de 
Recherches et d'Activites Petrolieres took a 
70% interest, while Société Nationale Elf 
Aquitaine and Imetal reduced their hold- 
ings from 50% to 15% each. The French 
Government also granted SLN a 15-year, 
$95.5 million loan at reduced rates in order 
to consolidate an estimated $341 million in 
SLN debts. The loan will convert SLN's 
short-term debt into a long-term loan, re- 
lieving the strain on its financial position. 
SLN announced that 1983's production 
would be increased by 8% to about 28,600 
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tons annually to meet increased demand 
and build up inventories. 

New Zealand.—Owing to economic rea- 
sons, Voest-Alpine AG, Austria, dropped its 
interest in a joint venture with New Zea- 
land Nickel Smelters Ltd. for a proposed 
ferronickel plant. The 44,000-ton-per-year 
plant was scheduled for startup in the late 
1980's with output to go mainly to the 
Japanese market. 

Norway.—In April, Elkem, Orkla Metall 
AS, Bjolvefossen AS, Hafslund AS, and Ila 
og Lilleby Smelteverker AS called off their 
merger discussions, which began in Decem- 
ber 1982. A major obstacle was the ques- 
tion of transfer of power rights to the 
proposed new company; power rights can be 


"transferred only with parliamentary ap- 


proval. Tinfos Jernverk AS, which produces 
ferrochromium, silicomanganese, and ferro- 
manganese, did not participate in the merg- 
er talks. Bjólvefossen announced that it 
would stop ferrochromium production by 
the end of 1983, owing to stringent new 
pollution regulations scheduled to take ef- 
fect at the beginning of 1984. The company 
said that renovations necessary to comply 
with the new regulations would be too 
costly. The four ferrochromium furnaces 
were to be converted to ferrosilicon pro- 
duction.?: 

The Finnfnes plant, previously owned by 
Fesil-Nord & Co., was brought back on-line 
in June under new ownership, Finnfjord 
Smelterverk AS, which brought the last of 
its three furnaces back into production in 
October, resulting in an additional 24,000 
tons per year of ferrosilicon production. 
Tinfos converted one of its ferrosilicon fur- 
naces to the production of silicon metal, 
resulting in a loss of about 6,000 to 11,000 
tons of alloy production. Orkla Metall, 
which was forced to shut down one.of its two 
ferrosilicon furnaces owing to weak demand 
and high electricity costs, was able to nego- 
tiate much cheaper power rates in the first 
quarter of the year. The cheaper power 
rates combined with firmer ferrosilicon 
prices allowed the company to restart the 
furnace. Elkem resumed silicon metal pro- 
duction in its 28,000-ton-per-year furnace at 
its Fiskaa Works in March, after a shut- 
down to repair the furnace lining. The 
stoppage caused some delays in meeting 
shipments. 

Philippines.—Acoje Mining Co. Inc., Pan- 
gasinan, Zambales Province, Luzon, asked 
the Philippine Securities and Exchange 
Commission to place the company in receiv- 
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ership to protect it from debt collection 
suits initiated by creditors. The company 
suffered large losses in 1982 and 1983 and 
was heavily in debt. Acoje proposed a plan 
for restructuring its debt zs Benguet Consol- 
idated Inc., the leading refractory chromite 
producer, started a plant modernization 
and expansion program at its Masinloc, 
Zambales, operations. The expansion and 
development program was intended to in- 
crease output by about 23% and to upgrade 
product specifications, especially to produce 
material with lower silica specifications. 

Ferrochrome Philippines Inc. (FPI) began 
production at its new smelter operations 
at Tagoloan, Misamis Oriental Province, 
Mindanao. The plant’s production capacity 
was rated at about 66,000 tons per year. 
Specifications for the ferrochromium prod- 
uct are 61.5% chromium, 8% carbon, 2.9% 
silicon, and 0.2% phosphorus and sulfur. 
The ferrochromium was marketed by Voest- 
Alpine Intertrading. The ore for the plant 
was to be supplied by Acoje. FPI would be 
totally dependent on imports if Acoje were 
forced to close its chromite mine owing to 
financial problems. FPI’s attempt to obtain 
an import permit to buy small amounts of 
Indian and New Caledonian chromite for 
blending purposes was stalled by the Gov- 
ernment’s introduction of import control 
measures limiting the amount of money 
foreign exchange banks can extend in let- 
ters of credit per day. The ferroalloy indus- 
try, designated an export industry, was 
subject to special treatment. 

FPI, Ferro-Chemicals Inc., and Maria 
Christina Chemical Industries Inc. (MCCI) 
suffered critical power shortages early in 
the year, owing to drought conditions on 
Mindanao, amounting to cutbacks of about 
50%. By yearend, water levels were about 
normal. However, it was reported that of 
three hydroelectric plants in the region, one 
was out of operation and one was running 
at reduced rates because of the lack of spare 
parts. 

MCCI and two Japanese companies, Nip- 
pon Kokan K.K. and Marubeni Corp., 
formed a new company to produce 15,000 
tons per year of ferrosilicon. The company, 
Mindanao Ferroalloy Corp., will modify an 
MCCI electric carbide furnace to produce 
ferrosilicon. The new plant, 60% owned by 
MCCI, was on Mindanao Island to take 
advantage of the low electricity costs. How- 
ever, existing ferroalloy producers in the 
region already had problems in getting 
enough power allocated for full production. 
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Production was scheduled to begin in Octo- 
ber 1984, with output going to the Japanese 
market.?6 

Portugal.—Milnorte-Metalurgia do Norte 
S.A.R.L.’s two silicon metal furnaces were 
out of operation in 1983. Cia. Portuguesa de 
Fornos Electricos S.A.R.L. announced that 
its production of silicon metal remained at 
about 13,000 tons per year. Fornos Electri- 
cos also was reported to have prepared a 
13,000-ton-per-year furnace for production 
and was awaiting Government approval for 
startup. Output would go to the Western 
market. 

Romania.—The Tulcea ferroalloy com- 
plex has a total capacity of slightly more 
than 308,000 tons per year. This includes 
capacity for 162,000 tons per year of ferro- 
manganese, 114,000 tons per year of ferro- 
chromium, 30,000 tons per year of ferrosili- 
con, and 5,200 tons per year of silicon 
metal 2 

Saudi Arabia.—Arabian Shield Develop- 
ment Co. reported the completion of prefea- 
sibility studies on developing a nickel and 
iron deposit at Wadi Qatan. Klockner 
Werke AG, Federal Republic of Germany, 
was examining the possibility of developing 
the mine to produce 220,000 tons per year of 
ferronickel and 220,000 tons per year of 
sponge iron.?8 

South Africa, Republic of.—General 
Mining Union Corp. Ltd. (Gencor) acquired 
a controlling interest, about a 30% share, in 
South African Manganese Amcor Ltd. (Sa- 
mancor) through an exchange of assets with 
South African Iron and Steel Industrial 
Corp. Ltd. Gencor, which already held a 7% 
share of Samancor directly and a 1.4% 
share through its affiliate Union Corp. In- 
vestments, obtained 50% of African Metals, 
which owns a 39.6% share of Samancor. 
Samancor is the world’s largest integrated 
ferroalloys producer. Gencor is the Republic 
of South Africa’s largest producer of chrome 
ore and a large ferrochromium producer.?? 

Tubatse Ferrochrome (Pty.) Ltd., jointly 
owned by Gencor and Union Carbide Corp., 
restarted a charge chrome furnace in July 
and another in September at its Steelpoort, 
Transvaal, facility, bringing the plant into 
full production. Middleburg Steel & Alloys 
Holdings (Pty.) Ltd. (MSA), a member of the 
Barlow Rand Group, reopened one of its two 
7.5-MVeA, low-carbon ferrochromium fur- 
naces at the Middleburg plant in July. 
Samancor moved up its planned April 1984 
operation of its 48-MVeA charge chrome 
furnace with a capacity of 30,000 tons per 


348 


year at its Witbank plant in Transvaal to 
January, in response to increased demand. 
Consolidated Metallurgical Industry Ltd. 
put its idle furnace back on-line in April 
and has since been operating both of its 
furnaces.3 ` 

Work on the development and application 
of thermal plasma technology for ferrochro- 
mium production was carried out by the 
Council for Mineral Technology, MSA, and 
Samancor. The most important features of 
the plasma furnace are the ability to use 
fines and any type of coal. Transvaal 
chrome ores are friable, and during mining 
and transport, as much as 30% of the 
original ore may end up as fines. Such fines 
require briquetting or pelletizing before 
feeding to a conventional furnace, a costly 
process. Samancor started operation of an 8- 
MV*A plasma furnace at its Metalloys 
plant.at Meyerton. The furnace is a trans- 
ferred arc type.*! MSA has been investigat- 
ing and developing the use of plasma tech- 
nology for ferrochromium production. The 
company was installing a 20-MVeA plasma 
dc arc furnace at its Palmiet plant in 
Krugersdorp. The furnace, built by ASEA 
AB, Sweden, will have an initial production 
capacity of about 20,000 tons per year. The 
company would double its capacity by con- 
verting its conventional electric arc fur- 
naces to the plasma arc process.?? 

Spain.—The Spanish Ministry of Eco- 
nomics and Finance established a base price 
of 42,000 pesetas per ton for imported ferro- 
manganese containing less than 75% man- 
ganese (Mn) and more than 2% carbon. For 
 ferromanganese imports containing 78% 
Mn and 79% Mn, base prices of 43,882 
pesetas and 44,471 pesetas per ton, respec- 
tively, were established.?* 

Hidro Nitro Espanolas S.A. notified the 
Spanish Government in midyear that it 
planned to cease ferrosilicon production 
unless some agreement was reached on 
reduced electricity tariffs for the industry. 
Spanish ferroalloy producers claimed that 
they were forced to pay higher electricity 
prices than their European competitors. In 
their efforts to obtain reduced electricity 


rates, producers have devised a plan to 


restructure the industry that would reduce 
the country's current production capacity 
by 50%.** Silicio de Sabon planned to re- 
sume silicon metal production for export, 
after an interval of over a year. The startup 
was made possible by a reduction in elec- 
tricity costs of 1.40 pesetas per kilowatt 
hour and sharply improved prices for silicon 
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metal in the world market. Ferroaleaciones 
Espanolas S.A. (Fesa) planned to bring its 
second ferrochromium furnace into oper- 
ation. The company has operated only one 
furnace since August 1982. Fesa purchased 
its ore from Albania and exported one-third 
of its output to other European countries.*5 
Sweden.—SKF Steel Engineering AB 
(SKF) was studying the possibility of build- 
ing a 86,000-ton-per-year ferrochromium 


plant near Malmo. The company was nego- 


tiating with the Swedish Energy Ministry a 
power arrangement in which waste heat 
from the plant would be fed into the district 
heating system. SKF was also discussing 


‘the project with potential partners to defray 


capital costs.?* Scan Dust AB broke ground 
for a plasma recycling plant in Landskrona, 
southern Sweden. SKF's process was to be 
used. The plant was to process about 80,000 
tons per year of ironworks and steelworks 
baghouse dust and other raw material sup- 
plied from mills in the Federal Republic of 
Germany, Sweden, and the United King- 
dom. The plant was to recover about 40,000 
tons per year of chromium, nickel, molybde- 
num, and other metals. Full commercial 
operation was expected to begin early in 
1985.37 

Vargon Alloys AB reported operating 


close to capacity, producing charge chrome 


at a rate of 110,000 to 130,000 tons per year 
and high-carbon ferrochromium at a rate of 
up to about 33,000 tons per year. The 
company claims that the high production 
rate was possible owing to the plant’s high 
efficiency. Vargon operates a 105-MVeA 
furnace fitted with a heat recovery system 
and a second 24-MVeA furnace, with low- 
cost electricity available from Sweden and 


- chromite from nearby Finland. 


Electro-Invest and HIMIC, Greece, was 
establishing a joint venture, Hellenic Scan- 
dinavian Corp. of Industrial Investment 
(Helsca) to investigate industrial and min- 
ing projects in Greece. Helsca was expected 
to trade Swedish equipment and technology 
for Greek metals and minerals, especially 
ferrochromium and ferronickel.** 

Turkey.—Outokumpu Oy was awarded a 
contract to modernize and expand the Kaf- 
dag chrome ore concentrator operated by 
Etibank, the Turkish state-owned mining 
company. Outokumpu Oy will supply plan- 
ning, equipment supplies, and installation 
supervision. The new concentrator was 
scheduled for completion in 1986. The pur- 
pose of the project was to ensure supplies of 
chrome ore concentrates to the ferrochrome 
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smelter at Elazig, also built using the Fin- 
nish company’s technology.*? 

Etibank and China’s National Metal and 
Minerals Import and Export Corp. signed a 
contract that calls for Etibank to supply 
China with 50,000 tons of chrome ore. The 
transaction was part of an economic and 
technical cooperation agreement reached in 
December 1982. The central Bank of Turkey 
and the Bank of China agreed to open up 
reciprocal accounts to handle bilateral 
trade deals between the two countries.*° 

U.S.S.R.—Construction of the sixth new 
electric furnace sold to the U.S.S.R. by 


Mitsui, Japan, was completed in the fall. Of ` 


the six furnaces, four were installed at the 
Nikopol Electric Steel Mill, Ukraine, and 
two at the Zestafon Steelworks, Georgia. 
The furnaces, which were built by Tanabe 
Kakoki, Osaka, Japan, each have a 75- 
MVeA transformer capacity and a produc- 
tion capacity of 130,000 tons per year. The 
furnaces were to be used mainly to produce 
ferromanganese but were also to produce 
some silicomanganese.*! 

The Soviet Union reportedly began buy- 
ing high-grade manganese ore early in the 
year from Gabonese and Australian produc- 
erg, Initial contracts were for 110,000 tons 
each from COMILOG, France, and The 
Broken Hill Pty..Ltd. Co., Australia. This 
alloy-grade manganese ore was to be used as 
feedstock for the new electric furnaces.*? 

The U.S.S.R. shipped 16,647 tons, gross 
weight, of 50%-grade ferrosilicon to the 
United States in 1983. 

United Kingdom.—The British Govern- 
ment announced to Parliament in February 
the establishment of a strategic materials 
stockpile. The British Department of Trade 
and Industry, which was responsible for the 
stockpiling program, contracted Brandeis- 
Intsel Ltd. of London to procure the strate- 
gic materials. The materials picked for 
stockpiling included chromium and manga- 
nese, among others. The stockpile pur- 
chases were the result of studies started in 
1980 by the Institute of Geological Sciences 
on the vulnerability of British industry to 
material supply interruption and a subse- 
quent report by the House of Lords in 
October 1982.5 The major recipients of 
stockpiled manganese and chromium mate- 
rials are British Steel Corp. and British 
Chrome. 

Yugoslavia.—The new FENI ferronickel 
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plant in Kavadarci, Macedonia, had not 
raised production above about 3,500 tons 
per year by yearend. The plant was design- 
ed to produce approximately 24,000 tons per 
year of nickel contained in ferronickel. The 
company cited power restrictions and low 
prices as reasons for the low production 
rates and ceased exporting in midyear. 

Feronikl at Glogovac, Kosovo, was ex- 
pected to begin trial production capacity 
runs in July and planned to produce about 
2,000 tons by yearend 1983. Total produc- 
tion capacity is about 13,000 tons per year of 
contained nickel. 

Dalmacija Metallurgical Industry plan- 
ned to bring on-line a new 30-megawatt 
ferrosilicon furnace at its ferroalloy plant at 
Dugi Rat. The furnace, supplied by Elkem, 
Norway, was to provide an additional 28,000 
to 33,000 tons of ferrosilicon for the export 
market.** | 

Zimbabwe.—Mineral Marketing Corp. 
(MMO), the new state marketing corpora- . 
tion, began operation on March 7. Ultimate- 
ly, MMC will take over all export marketing 
from private mining companies. Only sales 
of gold will be exempt from MMC's supervi- 
sion. MMC was to handle most sales as an 
agent and was to charge producers a com- 
mission of less than 1% to cover costs. 

Zimbabwe Alloys Ltd. planned to close 
one of its ferroalloy furnaces beginning 
October 1. The 80-MVeA furnace has a 
production capacity of about 55,000 tons per 
year of high-carbon ferrochromium. The 
shutdown was attributed to a high buildup 
of inventories. The surplus power made 
available was to be used to produce low- 
carbon ferrochromium, a product more in 
demand. The company has a capacity of 
approximately 24,000 tons per year of the 
low-carbon material.* Zimbabwe Mining 
and Smelting Co. (Zimasco), the Union Car- 
bide subsidiary, will restart its fifth fer- 
rochromium furnace on January 1, 1984. 
Zimasco's high-carbon ferrochromium out- 
put was to be raised by about 30,000 tons 
per year to 150,000 tons. The company 
indicated that demand for the product had 
improved steadily in the last few months of 
the year. The company has a sixth furnace, 
which has not yet been commissioned. How- 
ever, if the sixth furnace was put on-stream, 
some expansion of mine capacity would be 
required. 
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Table 9.—Ferroalloys: World production, by country, furnace type, and alloy type’ 
(Thousand short tons) 


Country,” furnace type,? and alloy type* 


Albania: Electric furnace, ferrochromiumf 


Argentina: Electric furnace: 
Ferromanganese 


Ferrosilicon 


Australia: Electric furnace:* 
Ferromanganese 


Ferrosilicon 


dk RE 
Austria: Electric furnace, undistributed* 
Belgium: Electric furnace, ferromanganese’ 


Brazil: Electric furnace: 


Ferromanganese _______________~_~-~- ooo 
Silicomanganese --—-----------------------——- 
Ferrosilicon 20m KEE EE 
Silicon metal. EEN 


Ferrochromium 


Ferronickel 


Bulgaria: Electric furnace:* 


' Ferromanganese A eater e 
FerroslliCOD. e he nS 
Other. nie e du EI ern ee 


Canada: Electric furnace: 
Ferromanganese* ? 


Other* ? 


Chile: Electric furnace: 


Ferromanganese ooo 


Silicomanganese 
Ferrosilicon 


China: Furnace type unspecified:* !? 


Perromanganese _--_ 
Ferrosllicon ———---------------—--—-—-—--—--——— 
Silicon metal _——--------------------—--—--—— 
Ferrochromium??___§__~§_§_§_§____~__~_____________ 
Other EE 


Colombia: Electric furnace, ferrosilicon* ! 


Czechoslovakia: Electric furnace: 


Ferromanganese® 5... LLL LL LLL LLL LL 
Ferrosilicon®______________________________ 
Silicon metal? ____§_§_$____________________ m 
Ferrochromium® ___________________________ 
Other ee cake at he eebe deat 


See footnotes at end of table. 


Silicomanganese ______________-_-_----__--- 


Silicomanganese _______________________ 2- 


Ferrochromium-silicon. ooo ooo 


QU A TEE E 


Ferrosilicon -——------------—-—-—--———————— 
Silicon metal- `, 
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1979 


NA 


1980 


1981 


31 


1982P 


33 


1983* 


39 
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Table 9.—Ferroalloys: World production, by country, furnace type, and alloy type! 


—Continued 
(Thousand short tons) 
Country,” furnace type,? and alloy type‘ 1979 1980 1981 1982 1983° 
Dominican Republic: Electric furnace, ferronickel _________ r72 r51 54 16 60 
Egypt: Electric furnace, ferrosilicon? _________________ r6 r6 r6 "T 87 
Finland: Electric furnace, ferrochromium -________-_____ 54 58 57 60 665 
France: 
Blast furnace: 
Spiegeleisen ___________________________ 2 ake 1 1 1 
Ferromanganese________________________-_ 493 529 344 365 365 
Electric furnace: 
Silicomanganese?®________________________ 14 22 11 32 32 
FerrosilicOoH. EE 300 283 208 186 6212 
Silicon metal oo, rr ra de al rl a es 61 66 66 63 60 
Ferrochromium?!? ________________________ 105 49 30 16 620 
EEN 157 137 131 115 6148 
TOA 2 rd a ee TSE 1,132 1,086 791 778 838 
German Democratic Republic: Electric furnace: 
Ferromanganese® 8___—_—------------------———- T83 WR WR r70 72 
Ferrosilicon®. _____________________________ 33 r30 T30 r26 28 
Silicon metal ___________ 4 4 4 r3 3 
Ferrochromium® ___________________________ 23 r20 r20 22 22 
DMA A eo te 22 T20 r18 117 18 
AAA EEE 1165 1151 149 138 143 
Germany, Federal Republic of: : 
Blast furnace: 
Ferromanganese_ _-—--—------------------—— 257 220 236 220 220 
Ferrosilicon- ---—--------------—--—-——————- 87 71 55 46 55 
Electric furnace:* 
Ferromanganese? |... ooo 33 28 21 21 21 
Ferrosilicon. ---------------------—-—-———- 55 55 46 137 36 
Ferrochromium ------------------—--—-—-—- 66 66 55 r46 45 
Ohi EE 56 55 47 T40 40 
Toal seg ee hh ee E e 554 495 460 410 417 
Greece: Electric furnace, ferronickel _________________ 60 57 56 e56 55 
Hungary: Electric furnace: 
Ferrosilicon IM AA el M BS 9 11 12 €12 11 
Silicon metal ___________ 2 2 2 2 2 
Other e utl ae a EE 5 3 3 e3 2 
ial cunc c ht Aerei A GE NTO is rri 16 16 17 17 15 
Iceland: Electric furnace, ferrosilicon _________________ T18 T3] 31 46 655 
India: Electric furnace: 
Ferromanganese: 222 aj rr et ege ase 206 179 230 166 170 
Silicomanganese --------------------------—-— 6 14 asl 15 15 
Leen el ec ee EE 59 47 66 40 44 
Silicon:metal __————----------------—----—-—--—-———- 3 3 4 e4 4 
Ferrochromium - --—-—--------------—-—--—-———— 24 18 34 44 46 
Ferrochromiumesilicon ---------------------—-— 4 4 5 e4 4 
Other EE 1 1 1 1 1 
o AAA A A oe ee ee 303 266 351 r €274 284 
Indonesia: Electric furnace, ferronickel________________ 20 20 22 24 22 
in 4 
last furnace: 
Spiegeleisen ______________________-_-__- 3 6 1 1 1 
Ferromanganese . - - -------------------—— 74 Pei 65 63 60 
Electric furnace: 
Ferromanganese. - -------------------—---— 24 e24 14 18 18 
Silicomanganese_ - --------------------—-—— 60 50 60 64 60 
Ferrosilicon. -—-----------------—-—--—-—-———— 89 79 61 70 70 
Silicon metal ________~__________________ 17 17 17 17 15 
Ferrochromium _____~_~_~_________~~________ 41 45 11 40 40 
Other === picas de tl arar elos le ea EUN 12 16 14 13 10 
Total ==. ta ee alte 326 304 243 286 274 


See footnotes at end of table. 
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Table 9.—Ferroalloys: World production, by country, furnace type, and alloy type! 


Country,” furnace type,? and alloy type‘ 


Japan: Electric furnace: 


Ferromanganese ___________~— dde NER 
Silicomanganese __________________-_- 
Ferrosilicon ---------------------—-—— 
Silicon metal... == a a 
Ferrochromium _____~_________-_-~-~-~-~-—~- 


na AAA IR A 


Korea, North: Furnace type unspecified:* !? 


Ferromanganese®_____________________ 
Fertosilicon AAA es Se 
HERE eelere E 


Korea, Republic of: Electric furnace: 


Ferromanganese _______________---__- 
Ferrosilicon ---------------------—-—— 


Mexico: Electric furnace: 


Ferromanganese ?_—-----------------—-— 
Silicomanganese _______________~__--_ 
Ferrosilicon ----—-----------------—--— 
Ferrochromium _-___---oooooooioooooo.- 


Norway: Electric furnace: 


Ferromanganese ____________________- 
Silicomanganese ____________________~- 
Perrosilicon -—--------------—-----——— 
Silicon metal® ___________ o 
Ferrochromium - - ------------------——— 
Ferrochromium-silicon_ -_-_-_-_----------- 
Othër 20 taa si ee 


Peru: Electric furnace: 


Ferromanganese ___________~___~_____ 
Ferrosilicon `... 


Philippines: Electric furnace:* 


Ferrosilicon ________________~________ 
Ferrochromium ________________-____ _ 


Poland: 
Blast furnace: 


Spiegeleisen _______________---_~_- 
Ferromanganese_ - ——--------------- 


Electric furnace:* 


Ferromanganese® __________________ 
Ferrosilicon.: —-—------------------—— 
Silicon metal __ ____________ ~~ ____ 
Ferrochromium _______________~___ _ 
Other? ERE apt NR A etal ee 


Portugal: Electric furnace: 


Ferromanganese® #9 __________ 


Silicomanganese* !? 


Ferrosilicon®________________________ 
Silicon metal ______________________~_-_ 
Other c: s tet E tn ee rua i 


See footnotes at end of table. 


—Continued 
(Thousand short tons) 


1979 1980 1981 1982P 1983* 
665 621 626 593 6430 
330 342 312 297 6245 
352 335 259 212 6174 

17 17 13 11 SS 
403 444 337 362 6335 
14 | 23 12 11 6g 
335 305 269 236 6199 
24 26 16 17 612 
2,140 2,119 1,844 1,739 91,08 
72 TT 77 77 77 
33 33 33 33 33 
15 22 22 22 22 
120 132 132 132 132 
58 60 71 e7] 58 
42 33 39 e39 36 
23 r28 31 e29 48 
123 r121 141 139 142 ` 
136 138 144 155 145 
34 34 29 33 33 
21 30 31 39 28 
5 EH 2 7 6 
1 2 2 1 1 
203 204 206 228 213 
136 145 121 e116 78 
372 r326 257 224 6947 
203 T185 236 238 6199 
r371 1353 346 326 6381 
17 94 61 59 683 
13 12 13 11 69 
1 (10) 1 2 61 
r33 r92 5 12 617 
r1.070 7992 919 872 6937 
1 (11) (19) (11) Luna 
1 1 (1 1) (11) Me 
2 1 (10) (11) SE 
20 22 25 30 22 
11 11 11 13 24 
31 33 36 43 46 
9 8 8 8 8 
143 131 131 131 131 
54 52 52 52 52 
60 55 55 55 55 
11 11 11 11 11 
54 52 52 52 52 
15 17 17 17 17 
346 326 326 326 326 
83 82 72 r30 30 
17 19 20 19 18 
28 28 26 24 25 
35 36 35 35 36 
(10) (10) (19) (19) (19) 
163 165 153 =" £108 109 
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Table 9.—Ferroalloys: World production, by country, furnace type, and alloy type! 
—Continued 


(Thousand short tons) 


Country,? furnace type, and alloy type‘ 1979 1980 1981 1982P 1983* 


South Africa, Republic of: Furnace type unspecified:!? 


Ferromanganesef ooo 617 573 496 485 385 
Silicomanganese®___________________________ 50 77 55 44 33 
Ferrosilicon®______________________________ 164 179 121 110 110 
Silicon metal? ________________________ LL LLa 39 33 33 33 25 
Ferrochromium® ___________________________ 860 882 827 661 640 
Ferrochromium-silicon® _______________________ 31 42 22 22 20 
Eeer EE E (19) (19) (10) (19) (19) 
VE 1,761 1,786 1,554 1,355 1,213 
Spain: Electric furnace: 
Ferromanganese __________________________- 157 135 106 96 94 
Silicomanganese ___________~_____________ 131 104 77 77 75 
Ferrosilicon `. S222 L2 LLL L L2 Loc 126 136 94 70 70 
Silicon metal? ________________________ TS 22 22 20 20 20 
Ferrochromium -——------------—--—-—--—---————— 22 18 19 17 15 
8. EE EE 8 7 7 6 5 
Totals. ec Pa eo E CA Un Roe a 466 422 323 286 279 
Sweden: Electric furnace: 
Silicon metal _____________________________ 14 20 18 18 18 
Ferrochromium ____________________________ 209 159 208 “208 208 
Ferrochromium:-silicon_ ______--____-_ooooooo- 32 9 22 e22 22 
o A IS IRAE ATTE aM A 3 2 3 e3 3 
Tota sua. 1 Ee 258 190 251 *251 251 
Switzerland: Electric furnace:* 
Ferrosilicon __-____~________________________ 3 3 3 3 3 
Silicon metal. __-§_$________~________________ 2 2 2 3 3 
Totals AAA ee E 5 5 5 6 6 
Taiwan: Electric furnace: 
Ferromanganese ____________________--___-~~- 28 23 20 19 16 
Ferrosilicomanganese _______________________~- 17 25 16 23 20 
Ferrosilicon -———---------------—-------———— T34 r31 16 15 23 
Tola ac pct tee EE 19 79 52 57 59 
Thailand: Electric furnace: 
Ferromanganese ____ ______________ ~________ 2 (19) (20) (11) EM 
Ferrosilicon oi ues oai e Ee 3 (19) 1 (11) n 
OCG INIRE ERREUR ERE RE REED ee 5 (19) 1 (11) m 
Turkey: Electric furnace: 
Ferrosilicon -———----------—------—-—-—-—————— A SS eg 5 
Ferrochromium® ___________________________ 33 35 36 644 633 
NEE 33 35 36 649 38 
U.S.S.R.: 
Blast furnace: l 
Spiegeleisenf__—--------------------——— 55 55 55 55 55 
Ferromanganese® ________________________ 606 606 606 606 600 
LO d MA EENG 110 110 SÉ "S RA 
Electric furnace:?? 
Ferromanganese® _______________________-_ 1,003 71,070 71,140 71,200 1,270 
Silicomanganese® ________________________ 33 35 35 35 40 
Ferrosilicon® ___§_§_§______________________ 694 694 7M 150 800 
Silicon metal? ______ 63 65 r70 r70 70 
Ferrochromium®_________________________ 610 661 661 661 680 
Ferrochromium-silicon® |. 11 11 11 11 15 
Oher ozu ek eel i ld d a aldo 214 : 220 230 248 250 
Total ---------------------------—- 3,399 79,527 73595  "*3,696 3,780 
United Kingdom: 
Blast furnace, ferromanganese _ 150 51 93 e67 90 
Electric furnace, undistributed? __________________ 18 13 14 12 16 
Total atera Sa ee ak a le rd E 168 70 107 e79 106 


See footnotes at end of table. 
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Table 9.—Ferroalloys: World production, by country, furnace type, and alloy type! 


— Continued 
(Thousand short tons) 
Country,” furnace type,” and alloy type* 1979 
United States: Electric furnace:?? 
Ferromanganese __________________________- 317 
Silicomanganese ___________________________ 165 
errosilicon o A ee ee 712 
Silicon metal- ooo ooo 145 
Ferrochromium `- cacon a ee its 247 
Ferrochromium-silicon?? ______________________ 48 
Othër EN E EE A AP 241 
TV e HERR 1,875 
Uruguay: Electric furnace, ferrosilicon® _______________ (19) 
Venezuela: Electric furnace: 
Ferromanganese _____________~__-___------- 1 
Silicomanganese ——-—-----------------------—- 1 
Ferrosilicon — RS ed ee eS 39 
OU cae ea td tc 41 
Yugoslavia: Electric furnace: 
erromanganese -—------------------—---——-— 50 
Silicomanganese ___________________-_-_---- 32 
Ferrosilicon -—--------------—--—--—-—-———————— 75 
Silicon metal- 2. a a o a a ms 35 
Ferrochromium __________________~__~_~__-___- 72 
Ferrochromium-silicon_ __-______ooooooioicoio- 7 
Other EE EEN 4 
Total cass ea Dl ce lr 275 
Zimbabwe: Electric furnace: 
Ferromanganese“ ~- - --—---------------------—-—- 3 
Ferrochromium® ___________________________ 220 
OC WEE 223 
Grand total EE 117,664 
Of which: 
Blast furnace: 
Spiegeleisen?® __________ 22 ccc - 69 
Ferromanganese*® __________ ooo cs 1,723 
Other” ozono a ia SE 197 
Total blast furnace _________________-~ 1,989 
Electric furnace:!? | 
Ferromanganese?? |... o 13,847 
Silicomanganese* 22 _______________ "1,273 
E, EE T9,809 
Silicon metal __ ________~_~____________ T599 
Ferrochromium®® ____________________ 73,302 
Ferrochromium-silicon?? 3° ______________ 156 
Ferronickel?*___________________ 1636 
Other a eg, a T96] 
Undistributed |... 22222-22222 28 


See footnotes at end of table. 


1980 


290 


r 2517 646 


69 
1,610 
181 


71,860 


"3,673 


1981 


1,475 
1,595 
3,668 


3,505 


534 
941 


1982P 


1983° 
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Table 9.—Ferroalloys: World production, by country, furnace type, and alloy type! 


—Continued 
(Thousand short tons) 
Country,” furnace type,? and alloy typet 1979 1980 1981 1982P 1983* 
Total electric furnace -_______________ 114.611 14,485 13,851 12,687 12,574 
Furnace type unspecified: 
Ferromanganese? __________________ 1,064 71,300 - 1,153 1,082 1,002 
“Estimated. Preliminary. ‘Revised. NA Notavailable. W Withheld to avoid disclosing company proprietary 


data; included with “Other.” 

1Table includes data available through June 3, 1984. | 

2In addition to the countries listed, Romania is known to produce electric-furnace ferroalloys, but output is not reported 
quantitatively and no basis is available for estimation. 

o the extent possible, ferroalloy production of each count 
which production is obtained; production derived from me 
production. 

*To the extent possible, ferroalloy production of each country has been separated so as to show individually the 
following major types of ferroalloys: spiegeleisen, ferromanganese, silicomanganese, ferrosilicon, silicon metal, ferrochro- 
mium, ferrochromium-silicon, er? ferronickel. Ferroalloys other than those listed that have been identified specifically in 
sources, as well as those ferroalloys not identified specifically but which definitely exclude those listed previously in this 
footnote, have been reported as “Other.” For countries for which one or more of the individual ferroalloys listed 
separately in this footnote have been inseparable from some other ferroalloys owing to the nation's reporting system, 
such deviations are indicated by individual footnotes. In instances where ferroalloy production has not been subdivided in 
sources, and where no basis is available for estimation of individual component ferroalloys, the entry has been reported 
as “Undistributed.” 

"Data for year ending Nov. 30 of that stated. 

Reported figure. 

"Reported as blast furnace ferromanganese and spiegeleisen but believed to be electric-furnace output. 

8Includes silicomanganese. 

*Includes ferrochromium-silicon and ferronickel, if any was produced. 

ICT ess than 1/2 unit. 

11Revised to zero. 

1? Although furnace type has not been specified for any ferroalloy production for China, North Korea, and the Republic 
of South Africa, all output of these countries has been included under electric furnace (and metallothermic) output except 
for their production of ferromanganese, which is reported separately. 

13Includes ferrochromium silicon, if any was produced. 

Colombia is reported to produce ferromanganese also, but output is not reported quantitatively and no basis is 
available for estimation. 

15Totals for 1979-83 represent estimates for silicon metal plus reported totals for all other types. 

16Includes silicospiegeleisen. 

"Includes ferronickel, if any was produced. 

18Series excludes calcium silicide. 

19Estimated figures based on reported exports and an allowance for domestic use. 

20Ferrovanadium only; other minor ferroalloys may be produced, but no basis is available for estimation. 

21Soviet production of electric furnace ferroalloys is not reported; estimates provided are based on crude source 
material production and availability for consumption (including estimates) and upon reported ferroalloy trade, including 
data from trading partner countries. 

221] S. production of ferronickel cannot be reported separately in order to conceal corporate proprietary information. 

?3U.S. output of ferrochromium-silicon includes chromium briquets, exothermic chromium additives, other miscella- 
neous chromium alloys, and chromium metal. 

24Includes ferronickel. 

25Data do not add to total shown because of independent rounding. 

26S piegeleisen for the Federal Republic of Germany is included with blast furnace ferromanganese. 

?7Includes the following quantities specifically identified as ferrosilicon: 1979—87; 1980—71; 1981—55; 1982—46; and 
1983—55. The remainders are not identified except that they are not spiegeleisen or ferromanganese. 

F SE includes silicomanganese (if any was produced) for countries carrying footnote 8 on ferromanganese 
ata line. 

29 ncludes silicospiegeleisen for France. 

3OFerrochromium includes ferrochromium-silicon (if any was produced) for countries carrying footnote 13 on 
ferrochromium data line. 

31“Other” includes ferronickel production for France, Norway, the U.S.S.R., and the United States. 


has been separated according to the furnace type from 
lothermic operations is included with electric furnace 


TECHNOLOGY 


Because of escalating power costs and 
depletion of high-grade deposits of raw ma- 
terials, research investigations have been 
directed toward development of processes 
that are less energy intensive or incorpo- 
rate waste heat recovery systems, and are 
capable of using lower grade raw materials. 
Process fines and fine ores normally require 


costly beneficiation either by briquetting 
or pelletizing before being fed to a conven- 
tional submerged arc furnace. Plasma arc 
smelting is currently being investigated as 
a method of producing ferroalloys. The 
plasma process can directly process fines 
without agglomeration. 

Kawasaki Steel Corp., Japan, has devel- 
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oped an alternative process to the energy- 
intensive, submerged arc furnace method 
for production of bulk ferroalloys. The new 
technology breaks up the blast furnace 
operation into two processes: a prereduction 
furnace and a main smelting-reduction fur- 
nace. The new process can treat fine ores 
directly using low-grade coke and nonmet- 
allurgical-grade coal, supplemented with 
hydrocarbons such as methane to achieve 
the high temperatures necessary to convert 
such ores as chromite to the ferroalloy form. 
Chromium ores are 30% to 50% reduced 
before leaving the prereduction furnace, 
and then injected into the high-temperature 
zone inside the lower portion of the main 
smelting-reduction furnace. When applied 
to ferroalloy production such as ferrochro- 
mium and ferromanganese, it eliminates 
electric arc smelting, with a consequent 
claimed energy savings of as much as 50%. 
The system is also adaptable to the produc- 
tion of pig iron.** 

The General Electric Co. is involved in a 
$6.6 million development program that en- 
tails producing 1,000 25-kilovolt-ampere 
amorphous metal transformers within a 
period of 39 months. The Electric Power 
Research Institute (EPRI), Palo Alto, CA, is 
the main sponsor of the program, with the 
balance of the funds coming from the Em- 
pire State Electric Energy Research Corp. 
Core losses can be reduced by about 7096 
using amorphous metal instead of the usual 
silicon steel strip, greatly enhancing the 
transformer's overall efficiency in changing 
electricity from one voltage to another. 
Amorphous metals have a random struc- 
ture achieved by rapid cooling. Molten alloy 
at about 2,300* F is squirted onto a rapidly 
spinning wheel at about 60* F. The alloy 
hardens into a 1-mil ribbon in about one- 
thousandth of a second before it has time to 
crystallize. However, the material becomes 
very brittle after it is annealed and is very 
stress sensitive. Ease of magnetization is 
the key property of the amorphous metal 
used for transformer cores. Very little heat 
energy is generated and lost in the process 
of magnetizing the core to induce voltage 
in the transformer's secondary windings. 
Melting and casting are the only steps 
required for producing amorphous ribbon, 
while production of silicon steel strip re- 
quires up to six steps. Allied Corp., Morris- 
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town, Nd, is supplying 100 tons of amor- 
phous metal ribbon for the program under a 
separate contract with EPRI.* 

Nippon Mining, Japan, has reduced the 
cost of producing ferronickel at its 1,400- 
ton-per-year smelter at Saganoseki. The 
company began using a new technology in 
November 1982 that employs only a blast 
furnace rather than a combination of a 
blast furnace and converter.‘ 


¡Physical scientist, Division of Ferrous Metals. 

2U.S. Con . Co ional Budget Office. Strategic 
and Critical Nonfuel Minerals: Problems and Policy Alter- 
natives. Aug. 1983, 85 pp. 

3Cantor, D. J., B. A. Gelb, G. L. Guenther, and D. K. 
Nanto. The Ferroalloy Industry: Current Conditions and 
Policy Options. The Library of Congres Congr. Res. Serv., 
May 10, 1983, 74 pp. 

4Metal Bulletin (London). No. 6837, Nov. 11, 1983, p. 13. 

s . No. 6838, Nov. 15, 1983, p. 11. 

meen Metal Market. V. 91, No. 89, May 6, 1983, 


p. 1. 
"Metals Week. V. 54, No. 50, Dec. 12, 1983, p. 1. 
SE Bulletin Monthly (London). No. 156, Dec. 1983, 


p. 83. 
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Fluorspar 


By Lawrence Pelham! 


Shipments of domestic fluorspar decreas- 
ed by an estimated 21% to a 50-year record 
low. Fluorspar was recovered by one major 
producer and three small producers. Domes- 
tic fluosilicic acid (H2SiF.) recovery, a by- 
product of some phosphoric acid and hydro- 
fluoric acid (HF) plants, increased. In the 
chemical industry, fluosilicic acid continued 
to augment fluorspar as a source of fluorine. 

The United States continued to depend on 
foreign sources for over 85% of its fluorspar 
requirements. Imports decreased by 17%. 
Mongolia surpassed Mexico as the world’s 
largest producer of fluorspar. 

Domestic Data Coverage.—Domestic pro- 
duction data for fluorspar are developed by 
the Bureau of Mines from four separate, 
voluntary surveys of U.S. operations. Sur- 
veys are conducted to obtain fluorspar mine 
production and shipments, fluosilicic acid 


production, fluorspar briquet production, 
and fluorspar consumption. Of the 4 fluor- 
spar mining operations, 20 fluosilicic acid 
producers, and 4 briquet producers to which 
a survey request was sent for the 3 produc- 
tion surveys, 100% responded, representing 
100% of the production data shown in table 
1. The consumption survey was sent to 
approximately 160 operations quarterly and 
44 additional operations annually. Of the 
operations surveyed quarterly, 75% re- 
sponded for both the first and second quar- 
ters; 71% responded for the third quarter; 
and 64% responded for the fourth quarter. 
Of the 44 operations surveyed annually, 
39% responded. Together, quarterly and 
annual responses represented 92% of the 
apparent consumption data shown in table 


Table 1.—Salient fluorspar statistics! 


1979 1980 1981 1982 |" 1983 
United States: 
Production: 

Mine production- - ___—_— short tons. _ 407,054 372,092 415,862. 199,714 W 
Material beneficiated_ _____-_-_ do... 355,655 321,219 419,058 231,726 W 
Material recovered _________ do... 106,099 88,831 111,281 16,316 W 
Finished (shipments) - _ _ - - — - — do... 109,299 92,635 115,404 77,017 “61,000 
Value f.o.b. mine _ _ - — thousands. _ $12,162 $12,611 $18,412 $13,293 “$10,000 
Exports- --—-—----------- short tons... 14,454 17,865 11,261 10,573 9,236 
Value ______________ thousands. _ $1,339 $1,660 1,194 $1,084 962 
Imports for consumption ___._-_ short tons. . 1,021,085 899,219 826,783 543,723 453,314 
Valle? ot thousands. _ $80,090 $94,103 $104,938 $67,665 $47,032 
Consumption (reported) _ _ _ _ _ _ short tons_ — 1,135,451 976,644 932,855 530,565 564,187 
eel ad (apparent? ________ do____ 1,090,665 1,017,559 897,572 618,493 613,705 

Stocks, . 91: 

Domestic mines: 
Crude ~- -----------—- do. ... 166,619 213,204 200,698 164,094 W 
Finished ____________~- do... 5,400 8,930 .12,924 10,816 W 
Consumer ooo oo do... 226,423 182,853 216,207 201,880 99,253 
World: Production --—------------ doo e 15,083,475 "5,809,592 5,259,983  P4,713,330 94,741,408 
*Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 


1Does not include fluosilicic acid (H2SiFg) or imports of hydrofluoric acid (HF) and cryolite. 


2C i.f. U.S. port. 


3A pparent consumption includes finished shipments plus imports, minus exports, minus consumer stocks difference. 
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Legislation and Government Pro- 
grams.—At yearend, the National Defense 
Stockpile inventory was unchanged from 
1982 levels at 895,983 short tons of acid 
grade and 411,738 tons of metallurgical 
grade. The stockpile goals for fluorspar 
remained at 1.4 million tons for acid grade 
and 1.7 million tons for metallurgical grade. 
Fluorspar continued to be listed as a priori- 
ty material to be acquired. 

The ban continued on the sale and manu- 
facture of “nonessential” aerosol products 
containing chlorofluorocarbons (CFC). The 
ban was instituted in 1979 because of the 
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uncertainty of the role of chlorofluorocar- 
bons in the depletion of stratospheric ozone. 

As in previous years, a 22% depletion 
allowance was granted against Federal in- 
come tax applied to the mining of domestic 
fluorspar compared with a 14% allowance 
for foreign production. 

U.S. import duties remained in effect for 
all grades of fluorspar. The duty was $1.875 
per ton for acid grade and 13.5% ad valorem 
for ceramic and metallurgical grades. A bill, 
H.R. 2947, was introduced in the U.S. House 
of Representatives on May 9 to suspend the 
duty on all grades of imported fluorspar. 


DOMESTIC PRODUCTION 


Shipments of finished fluorspar from do- 
mestic mining operations were at their 
lowest level in 50 years. Illinois remained 
the leading producing State, accounting for 
well over 90% of all U.S. shipments. Data 
on shipments of fluorspar by State and 
grade are withheld to avoid disclosing com- 
pany proprietary data. 

Ozark-Mahoning Co., the Nation’s largest 
fluorspar producer, continued to operate 
mines and plants in Pope and Hardin Coun- 
ties, IL. The only other active fluorspar 
producer in Illinois was the Hastie Truck- 
ing and Mining Co., which operated near 
Cave-In-Rock. The Inverness Mining Co. 
mines near Cave-In-Rock remained closed 
except for a skeleton work force and super- 
visory personnel who maintained custodial 
care of the mine pumps and ventilating 


fans. 
In the West, J. Irving Crowell, Jr. and 


Sons continued to operate its Crowell-Daisy 


Mine in Nye County, NV, and D & F Miner- 
als Co. continued operations at its Paisano 
Mines, south of Alpine, TX. 

Reported shipments of fluorspar briquets 
for use in steel furnaces were approximate- 
ly 74,000 tons—the same as in 1982. Bri- 
quets were produced by two plants owned 
by Cametco Inc., one plant owned by Mer- 
cier Corp., and one plant owned by Oglebay 
Norton Co. | 

Eighteen plants processing phosphate 
rock for the production of phosphoric acid 
and 2 plants producing hydrofluoric acid 
sold or used nearly 66,600 tons of byproduct 
fluosilicic acid valued at $4.6 million. 


CONSUMPTION AND USES 


Acid-grade fluorspar, containing greater 
than 97% calcium fluoride (CaF;), was used 
as feedstock in the manufacture of hydro- 
fluoric acid, the key ingredient in the manu- 
facture of fluorine chemicals for the alumi- 
num, fluorochemical, and uranium indus- 
tries. Ceramic-grade fluorspar, containing 
85% to 95% calcium fluoride, was used in 
the ceramics industry for the production of 
glass and enamel. Metallurgical-grade 
fluorspar, containing 60% to 85% or more 
calcium fluoride, was used primarily by the 
iron and steel industry as a flux. Tradition- 
ally, U.S. steelmakers have used metallurgi- 
cal-grade fluorspar containing a minimum 
of 70% effective calcium fluoride; however, 
lower grade material and briquets have 
gained widespread usage. 


Reported domestic consumption of fluor- 
spar increased 6%. Consumption by chemi- 
cal manufacturers in Texas increased sig- 
nificantly. The hydrofluoric acid and steel 
industries accounted for 64% and 34%, 
respectively, of demand. According to the 
American Iron and Steel Institute (AISD, 
raw steel production increased 14% to 83.4 
million tons. A comparison of the AISI data 
with fluorspar consumption data collected 
in the Bureau of Mines canvass of U.S. steel 
producers shows, on the average, a decreas- 
ing rate of fluorspar consumption per ton of 
raw steel produced during 1981-83. On the 
basis of furnace type, the average fluorspar 
consumption per ton of raw steel was as 
follows: 


FLUORSPAR 


Fluorspar consumption 

Type of furnace (pounds per short ton) 

1981 1982 1983 
Open hearth___________ 9.90 9.89 6.44 
Basic oxygen __________ 6.59 5.65 4.19 
MT EE 3.20 3.69 3.80 
Industry average ______ 6.02 5.43 4.30 


Steel production in electric furnaces 
shows an increasing rate of fluorspar con- 
sumption. 

In the ceramics industry, fluorspar was 
used as a flux and as an opacifier in the 
production of flint glass, white or opal glass, 
and enamels. Fluorspar was used in the 
manufacture of glass fibers, aluminum, ce- 
ment, and brick, and was also used in the 
melt shop by the foundry industry. 

Seven companies produced hydrofluoric 
acid in 11 plants. The U.S. Department of 
Commerce, Bureau of the Census, reported 
that hydrofluoric acid “produced and 
withdrawn from the system” amounted to 
approximately 146,800 tons on an anhy- 
drous basis, compared with 138,500 tons in 
1982. Imports of hydrofluoric acid amount- 
ed to 92,000 tons, an 11% decrease. 

Chlorofluorocarbons production, by five 
companies, was a major end use of hydro- 
fluoric acid. According to revised U.S. Inter- 
national Trade Commission data, produc- 
tion of trichlorofluoromethane (F-11) in- 
creased 13% to 80,600 tons; dichlorodifluo- 
romethane (F-12) output increased 13% to 
148,000 tons; and chlorodifluoromethane 
(F-22) production increased 26% to 117,800 
tons. Total estimated U.S. demand for all 
fluorocarbons increased 12% to 421,000 
tons. Reportedly, refrigerants accounted for 
48% of demand; foam blowing agents, 17%; 
solvents, 15%; fluoropolymers, 10%; steri- 
lant gas, 3%; aerosol propellants, 3%; food 
freezants, 1%; and miscellaneous, 3%.? 

Another major use of hydrofluoric acid 
was in the synthesis of fluorine chemicals 
used in aluminum reduction cells. An esti- 
mated 40 to 60 pounds of fluorine was 
consumed for each ton of aluminum pro- 
duced. 

Hydrofluoric acid was consumed concen- 
trating uranium isotope 235 for use as 
nuclear fuel. It was also used in stainless 
steel pickling, petroleum alkylation, glass 
etching, oil and gas well treatment, and in 
the manufacture of a host of fluorine chemi- 
cals used in dielectrics, metallurgy, wood 
preservatives, pesticides, mouthwashes and 
decay-preventing dentifrices, plastics, and 
water fluoridation. 
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Fluosilicic acid was used in water fluori- 
dation (44%), the aluminum industry (20%), 
the production of sodium silicofluoride 
(14%), and miscellaneous (22%). 

E. I. du Pont de Nemours & Co. Inc., the 
largest producer of fluorocarbon intermedi- 
ates and derivatives, announced construc- 
tion by 1985 at its Corpus Christi, TX, plant 
to increase capacity for manufacture of 
fluorocarbon precursors. Du Pont also in- 
creased its production capacity at Rich- 
mond, VA, for Teflon fluorocarbon fiber by 
nearly 40% to 2 million pounds per year.? 

Warner-Lambert Co. acquired worldwide 
marketing rights to a synthetic fluorinated 
macrolide antibiotic developed by Italy's 
Pierrel S.p.A. The new macrolide is synthe- 
sized from erythromycin. Initial studies sug- 
gested that the substance resists breakdown 
by gastric acid. Warner-Lambert planned to 
conduct the required tests to gain approval 
from the U.S. Food and Drug Administra- 
tion for U.S. distribution of the product.* 

Air Product & Chemicals Inc. has com- 
pleted construction of the world's largest 
tetrafluoromethane (CF,) plant at Home- 
town, PA, and the first commercial plant to 
produce the gas by direct fluorination of 
carbon. Du Pont, the only other producer, 
was making tetrafluoromethane by a hydro- 
gen fluoride exchange process. Tetrafluo- 


romethane was used in plasma etching, a 


rapidly developing technology for etching 
and stripping semiconductors. The semicon- 
ductor industry was switching to dry pro- 
duction processes in which radio frequen- 
cies excite tetrafluoromethane and other 
fluorine and chlorine compounds into high- 
ly reactive plasmas.5 

3M Corp.’s Specialty Chemical Div. 
brought on-stream a new plant in Decatur, 
AL, designed to manufacture two chemical- 
resistant products for the rubber industry— 
a fluoroelastomer used in nonmetallic 
ducting-system expansion joints for pollu- 
tion control and a general purpose gum- 
stock without curatives.* 

Allied Chemical Co., a subsidiary of Al- 
lied Corp., began operation of a pilot plant 
in Metropolis, IL, to develop products based 
on fluorinated carbon (CF). The plant, with 
a design capacity of several thousand 
pounds per year, was built to provide anoth- 
er domestic source of fluorinated carbon, 
stimulate faster development of uses for 
fluorinated carbon, and provide operating 
experience of a commercial plant. One use 
of fluorinated carbon had been in hign- 
energy batteries. 
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Table 2.—U.S. consumption (reported) of fluorspar, by end use 


(Short tons) 
Geleet more Containing not — 
a % T ore bars di Total 
End use or product calcium fluoride cium fluoride: 
Sr (ef: (CaF) 
1982 1983 1982 1983 1982 1983 
Hydrofluoric acid (HF)__________________ 311,641 360,832 —— -- 311,641 360,832 
Glass andfiberglass. — - - - - ------------—-- 3,877 4,063 1,996 1,628 873 5,691 
Enamel and pottery- - - ----- ------------- W W 1,009 1,221 1,009 1,221 
Welding rod coatings ___________________-_ 480 415 1,382 1,282 1,862 1,757 
Primary aluminum and magnesium________._.__ W E m W W W 
Iron and steel castings — —-— - ------------——- ERE x 10,403 16,882 10,403 16,882 
Open-hearth furnaces `- ----------------—- e 30,201 19,174 30,201 19,174 
Basic oxygen furnaces --oo-ooocoocoooo..- ne 127,955 109,084 127,955 109,084 
Electric furnaces __________________  - _ 11,222 16,442  . 28,429 32,094 39,651 ,536 
OUNCE AAA WE et et 180 114 1,790 890 1,970 1,004 
dr AA EA 327,400 381,926 203,165 182,261 530,565 564,187 
Stocks, Dec. 31_—_——-----------------——- 103,057 46,493 104,823 52,760 207,880 99,253 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


Table 3.—U.S. consumption (reported) of subacid grades of fluorspar in 1983, by end use 


Containing not more than 97% calcium 
fluoride (CaF 2) 


Lump or 
gravel 


(Short tons) 
End use or product > 
Flotation 
concentrates 
Chemicals and allied products: Welding fluxes -___-_-_-_-_-_-_-_____._. 1,282 
Glass, ceramic, bricks: 
Glas a annann 1,613 
Other glass, clay products... — - =- = = — = =- ——=—— ee 1,227 
Primary metals: 
Iron and steel foundries - - - - - - --- -- ----------------- e 41 
Steel mills: | 
Basic oxygen furnaces ---—-----------------------——-- NS 
Electric furnaces om sucum Leu E nei is ei 2,232 
Open-hearth furnaces ----------------------------— 178 
Other identified end uses __ ______._____._-______-______-_ 76 
Total: ais is Cte 6,649 


15 


10,381 


129,891 


Table 4.—U.S. consumption of fluorspar (domestic and foreign), by State 


(Short tons) 


Alabama, Kentucky, 
Arizona, Colorado, 
Arkansas, 


-— — mm e ue wm e o wë wg: tg e P e mg emm a mmm ex mm we gg om om vm es ep mm em emm e e e mn me — e e vo X emm em — em vm mm vm mm mmm mme o vm 


Ohio 
* Oregon and Washington __________------~-~-~--_-~--~--~-----~-~-~--~-~------ 
dr AAA ANNA A A A A E 
Texas 
West Virginia 
Other! 


530,565 


Briquets or 
pellets 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1Includes Iowa, Maryland, Virginia, Wisconsin, and data indicated by symbol W. 
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STOCKS 


Fluorspar consumer stocks decreased 


52% to about 99,000 tons. 


PRICES 


Domestic producer prices of ceramic- 
grade and acid-grade fluorspar reported 
in the Engineering and Mining Journal 
(E&MJ) remained at 1982 levels during the 
year. Reported prices of metallurgical-grade 
fluorspar increased by 14%. E&MJ yearend 
price quotations serve as a general guide, 
but do not necessarily reflect actual trans- 
actions. 

Yearend price quotations in the Chemical 


Marketing Reporter (CMR) were $0.6875 
per pound for anhydrous hydrogen fluoride 
and $43.00 per 100 pounds for aqueous 
hydrofluoric acid, 70%, in tanks. The CMR 
yearend price for cryolite was $550 per ton. 
CMR yearend price quotations for fluosilicic 
acid were $151.00 per ton for 15-gallon 
drums, 30% basis, and $110.00 per ton for 
tanks, 23% basis. 


Table 5.—Prices of domestic and imported fluorspar 
(Dollars per short ton) 


Domestic, f.o.b. Illinois-Kentucky: 


Metallurgical: 70% effective CaF2 briquets .. 


Ceramic, variable calcite and silica: 


88% to 90% CaF2 iit seeps a eh aes 
95% to 96% CaFe______________________ 
OT Fo CO EE 


Acid, dry basis, 97% CaF3: 
Car oads 


88% effective CaF2 briquets _______________ 
European and South African:! Acid, term contracts_ _ _ _ _ _ 


Mexican:? 
Metallurgical: 


70% effective CaF2, f.o.b. vessel, Tampico --___-_- 
10% effective CaF2, f.o.b. cars, Mexican border ` _ 
Acid, bulk: 97+ %, Mexican border... 


1C.i.f. east coast, Great Lakes, and gulf po 
2U.S. import duty, insurance, and freight Ge included. 


1982 1983 
uuu um Desc Sie tases - 110 125 
aci nef d arci ha HL 100 100 
EE o ERE 170 170 
manc Mit ss la 165 -175 165-175 
a o os a a ERN 180 180 
ee A Cane ee es 179 179 
SE 175  -180 140-180 
SEN 111.84 80.06 
EE 1 75.63 
E 135.47-141.02 108.33 


Source: Engineering and Mining Journal, Dec. 1982 and 1983. 


FOREIGN TRADE 


According to Bureau of the Census data, 
U.S. fluorspar exports of all grades decreas- 
ed 13% to 9,200 tons. Synthetic cryolite 
exports totaled 31,500 tons valued at $5.2 
million. 

Imports for consumption of fluorspar de- 
clined by 17%. Acid-grade imports were 
down 6%, and imports of subacid-grade 
material were down 50%. Imports from 
Mexico, the largest foreign supplier, were 
48% of the combined fluorspar total. The 


Republic of South Africa supplied 25%; 
Italy, 8%; China, 7%; Spain, 6%; and Mo- 
rocco, 4%. Small quantities were also im- 
ported from Denmark and France. 

Imports for consumption of hydrofluoric 
acid decreased 11%. Mexico and Canada 
continued to be the major suppliers of 
imported hydrofluoric acid. Imports for con- 
sumption of natural and synthetic cryolite 
increased 16%. Japan, Denmark, and Cana- 
da were the leading suppliers. 
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Table 6.—U.S. exports of fluorspar, by country 


1982 1983 
Country Quantity Quantit 
y 
. (shorttons) Value  (shorttons) Value 
HEES $2,990 26 $2,619 
Canadi 2 a a a a lc 9,702 973,449 8,516 855,119 
RA A A A A Lua ek 4 10,434 2 
Colom Bia EES ES e 9 
Dominican Republic. ~~ ~~~ ee 224 32,334 47 16,618 
Germany, Federal Republic of ` 105 10,450 19 1,920 
GOA EE EE 67 14,520 31 7,370 
Leeward and Windward Islands ____________________ ta s 9 873 
MALA: ce lina nee 17 1,700 c dut 
ES erue s Mo M ULL LA eR an ALL AS V: EM 477 65,163 
United Kingdom --—------------------—---—--———— zo = 15 1,480 
Venezuela eet o ue i du Deet E El LT 824 37,678 71 7,028 
OU HEEN 10,573 1,083,555 9,236 962,334 


Table 7.—U.S. imports for consumption of fluorspar, by country and customs district 


1982 1983 
RE Value Val 
Country and customs district Quantity (thousands) Quantity (thousands) 
(short tons) —————————————— (short tons) ————————————— 
Customs C..f. Customs Cif. 


CONTAINING MORE THAN 97% CALCIUM FLUORIDE (CaF2) 


Canada: 
Buffalo --—-----------——- $1 $1 PP ans DN 
Lared aa ono ana e T» SH a E SEH te, 
Seattle caca o des 37 3 4 DE M E 
Totals nc ence 41 4 5 Sat Wi = 
China: 
Baltimore _____________~— 220 27 46 me ae us 
Houston ------------—-—- 6,216 636 683 5,953 $666 $710 
Total o is ae 6,436 663 729 5,953 : 666 710 
Denmark: Detroit____________ ied ae om 4,630 283 285 
France: Houston |... doe, e es 250 63 83 
Italy: Houston- - ------------— 40,481 5,135 5,811 37,042 4,186 4,186 
Mexico 
Detroit. emet 1,328 99 108 x a= ie 
HR Se es ee 65,733 8,827 8,827 76,254 7,781 7,781 
Laredo ________~______~_ 80,120 9,747 9,747 83,386 7,783 7,783 
New Orleans ` ante ET ES 15,476 1,673 1,804 
Totals. 2m oue Itm 147,181 18,673 18,682 175,116 17,237 17,368 
Morocco: New Orleans... 13,393 1,991 2,132 19,761 2,910 3,129 
South Africa, Republic of: 
Houston _________-_____ 22,653 2,349 2,872 21,302 1,341 1,504 
Laredo o- -a ee 10,194 1,151 1,376 zx ERA zS 
New Orleans ` 112,663 12,846 16,075 87,312 8675 . 10,132 
Philadelphia. - - ---------- 15,214 1,777 1,948 4,641 500 580 
Totals coat ii a 160,724 18,123 22,271 113,255 10,516 12,166 
Spain: 
Cleveland __-____-____._.__ 33,282 3,756 4,365 18,749 1,672 1,917 
El Paso ee ee Pate " o 1 (1) (1) 
New Orleans ` 6,549 899 999 10,381 942 1,050 
Totalo ui das ias 39,831 4,655 5,364 29,131 2,614 2,967 
Grand total... 408,087 49244 54994 385138 38415 41,494 


CONTAINING NOT MORE THAN 97% CALCIUM FLUORIDE (CaF2) 


China: 
Baltimore ______________ 15,636 951 1,523 7,131 462 145 
New Orleans ` 63,510 3,599 5,251 16,639 925 1,020 
Total- eebe hes, daa cs 79,146 4,550 6,774 24,376 1,387 1,765 


See footnotes at end of table. 
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Table 7.—U.S. imports for consumption of fluorspar, by country and customs district 


—Continued 
1982 1983 
oe Val Val 
Country and customs district Quantity Vente Quantity (thousands) 
(short tons) ————————_ (short tons) een 
Customs C.i.f. Customs C.i.f. 


CONTAINING NOT MORE THAN 97% CALCIUM FLUORIDE (CaF2)—Continued 


Italy: Los Angeles _______ P PEE 26 $8 $10 ETE "S Es 
Mexico: 
Baltimore --_________.___ 3,381 240 323 ate dies re 
El Paso: ita ia 14,128 1,253 1,253 11,024 $659 $659 
Laredo -—-----------——- 30,463 3,270 3,270 12,010 1,086 1,086 
New Orleans ____________ 5,836 652 841 20,546 1,606 2,005 
San Diego ______________ ee "A i 220 23 28 
Otel se chi Ee 53,808 5,415 5,687 43,800 3,374 3,773 
South Africa, Republic of: New Or- 
leans EEN 2,656 157 200 — SE Pu 
Grandtotal. . 135,636 10,130 12,671 68,176 4,761 - 5,538 
1Less than 1/2 unit. 


Table 8.—U.S. imports for consumption of hydrofluoric acid (HF), by country 


1982 1983 

Country Quantity Value, c.i.f. Quantity Value, c.i.f. 

(short tons) (thousands) (short tons) (thousands) 
Belt o Se ELE 1 (1) E oe 
CRT 0 ost seis co e an de 34,259 $35,389 31,709 $31,512 
Cie Federal Republic of 1 4 (4) 1 
EE 3,560 3,087 2,990 2,546 
Korea, Republic of. E De? 17 14 
io EA E NS a TN NAM 65,132 63,192 56,232 45,194 
SE det = es 568 443 
ited Kingdom ooo aes NN 50 43 


Y AAA e A B nr pee os, 102,953 101,672 91,566 79,753 
1Less than 1/2 unit. 


Table 9.—U.S. imports for consumption of cryolite,! by country 


1982 1983 

Country Quantity Value, c.i.f. Quantity Value, c.i.f. 

(short tons) (thousands) (short tons) (thousands) 
Canada Ed ode 892 $519 1,437 $816 
A AAA A A 276 181 92 53 
Denmark _-------------------—-— 1,082 925 2,390 1,756 
Germany, Federal Republic of. 49 36 62 25 
M NUR ENIRO tO PP de lane as 66 53 TUR A 
(TM NONO ts AL Oat Pe 3,681 2,460 2,395 1,853 
Ne atharlanda GE 89 54 102 81 
Norway <= ve ek M | Ge 36 13 
Sweden —--------------------—— 61 28 Be Se? 
United Kingdom __________________ 22 8 685 187 


Titl Geh EE ——— ee 6,218 24,266 7,199 4,784 


1Only the material from Denmark is natural cryolite; all other material is synthetic. 
2Data do not add to total shown because of independent rounding. 
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WORLD REVIEW 


World production of fluorspar remained 
near 4.7 million tons. Based on revised 1982 
data and 1983 estimates, Mongolia surpass- 
ed Mexico as the world’s leading fluorspar 
producer, followed by, in descending order, 
the U.S.S.R., China, and the Republic - of 
South Africa. Fluorspar was produced com- 


mercially in approximately 30 nations 


worldwide. 
Mexico.—Mexican fluorspar producers 
began the year by reducing the price of acid- 


grade and metallurgical-grade fluorspar by 
29% and 23%, respectively. The price reduc- 
tion was the first since the inception of the 
Mexican Fluorspar Institute and the official 
Mexican Producer Price in 1974. Cia. Min- 
era Las Cuevas S.A., operating the world’s 
largest fluorspar mine, concentrated on 
mine development. About 7 major fluorspar 
mines dominated the Mexican industry, 
which included over 150 other small mines 
and workings throughout the country. 


Table 10.—Sales of Mexican fluorspar, by grade 


(Short tons) 
Grade 1979 . 1980 1981" 1982" 1983 
ACIdu fout ee unte TADE EE 588,572 564,608 532,765 338,732 339,740 
DI EE AS 85,523 96,167 100,511 27,202 49,182 
ai We AAA RN A SN A 306,494 312,218 250,121 120,478 116,944 
Submetallurgical..= lara EE 196,436 236,470 211,505 116,030 93,367 
Revised. 


Source: Instituto Mexicano de la Florita. 


Netherlands.—Du Pont de Nemours (Ne- 
derland) BV was building a fluoroelastomer 
plant at its Dordrecht works, which, when 
completed in 1986, is to be one of the largest 
and most fully integrated fluoroproducts 
manufacturing facilities in the world. The 
facility was designed to nearly double Du 
Pont's worldwide annual capacity for the 
fluoroelastomer product to more than 10 
million pounds, enlarge facilities for fluoro- 
carbon copolymers, and double capacity for 
fluorochemical intermediates.’ 

U.S.S.R.—A simplified technique devised 
by Soviet researchers for the production of 
magnesium fluoride (MgF;), reacting ammo- 
nium fluoride with magnesium hydrocar- 
bonate, yielded a 95%-pure product with 
not more than 0.5% each of calcium, ferric 
oxide, and ammonia. Tests indicated that 
the lower purity magnesium fluoride could 
be substituted for more expensive reagent- 
grade magnesium fluoride in the salt-bath 
tempering of high-speed steel.* 

Recovery of fluorine from Soviet phos- 
phate rock resources was reported to be 


complicated by environmental consider- 
ations and technical problems. Fluorine 
could be recovered either by (1) concentrat- 
ing the phosphoric acid and subsequent 
fluorine extraction in the gas phase or (2) 
binding the fluorine in silicon fluoride salts 


- of alkaline-earth metals such as magnesium 


silicofluoride. Tests of the first approach 
yielded no more than 50% of the fluorine in 
the phosphoric acid, but the second ap- 
proach yielded approximately 90% of the 
fluorine.? 

United Kingdom.—Imperial Chemical In- 
dustries planned to build a new hydrofluor- 
ic acid plant to replace existing capacity at 
Runcorn, Cheshire. The plant, scheduled for ` 
completion in 1985, was in response to a 
wider use of chlorofluorocarbons as refriger- 
ants. According to the United Kingdom 
Customs and Excise Statistical Office, the 
United Kingdom imported 12,000 tons of 
fluorspar from France, the Republic of 
South Africa, and Spain, and exported 
13,000 tons to the Federal Republic of Ger- 
many and the Netherlands. 


FLUORSPAR 


Table 11.—Fluorspar: World production, by country and grade’ 
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(Short tons) 
Country? and grade? 1979 1980 1981 1982P 1983° 
Argentina ~~ ___~___________ ee 41,972 17,050 22,878 26,155 26,500 
Brazil:* 
ade adë c e SUSE ee 29,599 36,078 39,932 42,439 43,000 
lurgical grade .. .. — — SE 28,161 24,956 19,184 22,539 23,000 
RE "57,760 . "61,084 59,116 64,978 66,000 
China: 
Acid grade® ---------------------—- 66,000 88,000 88,000 88,000 88,000 
Metallurgical grade? ~- -------------- 440,000 440,000 440,000 440,000 440,000 
dk VEH 506,000 528,000 528,000 528,000 528,000 
Czechoslovakia” EE e 106,000 106,000 106,000 106,000 106,000 
Gd 752 1,981 590 99 110 
France: 
Acid and ceramic grades ---._-.-.-.---.-...-- 173,504 178,188 185,960 171,125 176,000 
Metallurgical grade......_......---- 112,218 106,814 96,452 90,825 ,000 
TOU uc ee LL LUE e | 285,722 284,947 282,412 268, 550 264,000 
German Democratic Republic? _________._.__ 110,000 110,000 ` 110,000 110, ,000 110,000 
Germany, Federal Republic of (marketable) ..... 69,685 86,148 86,685 wi 800 80,000 
E AAA A E AT 397 440 822 880 830 
India: 
Acid grade 2 oe eee ah EM 12,115 718,612 14,711 18,676 18,000 
urgical grade -_oooooooooooo.-- 7,021 75,801 5,924 6,294 6,600 
Tok dco c i clu eu Lc PEEL E 19,136 718,918 20,085 19,970 19,600 
Itai: 

A AAA WC 094 187,540 142,019 147,850 148,800 
Ceramic grado. oo. 7,589 1,060 ae i SE 
Meta iurgia. grade asc Lec 45, 809 28,912 89,018 86,180 83,000 

Total EH 201,492 167,612 181,087 184,080 176,800 
Kenya: 
Acid adë ono air a rs te 74,727 102,932 105,849 97,804 88,200 
Metallurgical grade ~- - - --- ---------—-- 10,266 Ee WT e ENT 
dk Me 84,993 102,932 105,849 97,804 88,200 
Poroa: North, metallurgical grade? _________ 44,000 44,000 44,000 44,000 44,000 
Korea, Republic of, metallurgical grans SE 9,315 7,619 7,125 7,716 4,400 
Mexico, all grades ____§_____.._-_________ 964,759 1,010,218 1,019,476 695,983 667,000 
Mongolia, metallurgical grade? 625,000 666,000 656,000 "739,000 761,000 
Morocco, acid grade — - - -- --- --------——-— 69,666 70,989 73,524 55,336 70,200 
ARISTA rs o e tr a 461 1,305 391 903 880 
Romania, metallurgical grade“ -___________ 22,000 22,000 22,000 22,000 22,000 
South Africa, Republic of: 
Acid grade st e a 426,930 517,735 497,819 323,882 263,600 
Ceramic grade __________~__________ 9,344 9,798 6,744 10,613 7,300 
Metallurgical grade _ 60,991 48,664 42,758 30,188 31,200 
Total. uum ose ti it aa 497,265 576,197 547,321 364,683 302,100 
Spain: 
Acid gradë 22 tata ii a ee E. 171,164 225,528 235,471 173,289 165,000 
Metallurgical grade _ _ _ _ __ a ee ene = 41,469 44,261 47,963 40,868 000 
Tots i or o en e US 212,633 269,789 283,434 214,157 206,000 
Thailand: 
Acid grade |... 222222 c2 22 62,362 66,258 60,827 89,8314 0,000 
Metallurgical grade... -- --------—-—- 195,914 190,461 173,405 176,084 193,000 
¿y EE 258,276 256,719 234,232 265,398 283,000 
Tunisia, acid grade ___________________ 37,267 43,487 38,409 36,607 37,500 
Turkey, metallurgical gerade... 6,834 "2,144 2,189 €2,200 2,200 
USSR ENTUM 573,000 573,000 585,000 595,000 595,000 


See footnotes at end of table. 
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Table 11. dol World production, by country and grade: —Continued 


(Short tons) 
Country? and grade? 1979 1980 1981 1982P 1983* 

United Kingdom: 
Acid grade __——------------------—— 114,640 151,016 97,000 NA NA 
Metallurgical grade . 13,228 11,023 5,512 NA NA 
Unspecified SS S sc 41,888 26,455 25,353 NA NA 
Total coL IS tot 169,756 188,494 127,865 108,026 220,000 
United States (shipments) _______________ 109,299 92,635 115,404 77,017 61,000 
Urúūguay oes EE 85 89 89 88 88 
Grand total _____________--_--- 15,083,475 5,309,592 5,259,983 4,713,330 4,741,408 

“Estimated. Preliminary. ‘Revised. NA Not available. 


1Table includes data available through May 2, 1984. 


2In addition to the countries listed, Bulgaria i is believed to have produced fluorspar, but production is not officially 
reported, and available information is inadequate for the formulation of reliable estimates of output levels. 

An effort has been made to subdivide production of all countries by grade (acid, ceramic, and/or metallurgical). Where 

this information is not available in official reports of the subject country, the data have been entered without qualifying 


notes. 


4Series revised. Data presented are marketable concentrates. 


TECHNOLOGY 


Allied Corp. was awarded the National 
Environmental Industry Award presented 
by the President’s Council on Environmen- 
tal Quality and the Environmental Industry 
Council for creating a usable product from 
two wastes. At its plant in Metropolis, IL, 
Allied developed a technology to treat one 
plant waste stream with a second hazardous 
waste stream to produce 8,000 tons annual- 
ly of synthetic fluorspar. This was to be 
used for anhydrous hydrofluoric acid pro- 
duction at another Allied plant. The Me- 
tropolis plant produced uranium hexafluo- 
ride and numerous other inorganic fluo- 
rides, including sulfur hexafluoride. 19 

The Los Alamos National Laboratory de- 
veloped a new method of bonding diamonds 
to metal that was used to produce diamond 
grinding wheels. The process consisted of 
reacting fluorine atoms with the surfaces of 
diamonds, bonding the fluorinated dia- 
monds together with a fluorocarbon resin, 
and bonding the dried material to an alumi- 
num grinding wheel. The diamond fluoro- 
carbon material was then physically com- 
pressed and embedded into the aluminum 
using a hot press. Grinding wheels made by 
the new process proved effective and long 
wearing and were less expensive to produce 
than traditional diamond wheels.” 

Researchers at the State University of 
New York, Stony Brook, tested steroid 
fluoroderivatives as possible highly specific 
insecticides that would be nontoxic to other 
organisms.!? 

The Oak Ridge National Laboratory was 
conducting research on high-dielectric and 


nontoxic fluorinated compounds as insulat- 
ing media for electric power transmission ` 
facilities. 

Researchers at the Argonne National 
Laboratory in Illinois measured for the first 
time the rate of reaction between fluorine 
and water. The reaction half-time was de- 
termined to be 7 X 107° second, or more 
than 1,000 times faster than the reactions of 
the heavier halogens—chlorine, bromine, 
and iodine—with water. The reaction was 
so fast that stirring and convection did not 
affect it, yet it was slow enough for other 
molecules to capture the fluorine before it 
reacted with the water. The researchers 
suggested the possibility of using fluorine in 
aqueous solution as a fluorinating agent, a 
reaction previously believed too violent and 
difficult to control.!? 


1Physical scientist, Division of Industrial Minerals. 
“Chemical Marketing Reporter. V. 223, No. 10, 1983, 


p. 54. 
¿chemical Week. V. 133, No. 7, 1983, p. 9. 
. V. 133, No. 12, 1983, p. 21. 

am V. 132, No. 20, 1983, p. 56. 

e V. 132, No. 8, 1983, p. 19. 

"Chemical Processing. V. 46, No. 14, 1983, p. 10. 

SLopatkina, G. A., T. N. Kolosova, Y. A. Smol' nikov, and 
L. M. Sarmanova. Production of Magnesium Fluorine for 
Use in Instrument Industry. Khim. Promst., Moscow, 
No. 9, 1983, pp. 553-554 (Engl. sum.). 

?Rodin, V. L, M. N. Tsybina, N. I. Kraynev, L. N. 
Arkhipova, and A. A. Novikov. Extracting Fluorine in 
Producing Extraction Phosphoric Acid From New Forms 
of Phosphate Raw Materials. Khim. Promst., Moscow, 
No. T; 1983, pp. 412-416 (Engl. sum.). 

10Chemical Marketing Reporter. Allied Corp. Wins En- 
vironmental Award for Its Pollution Control Efforts in 
Illinois. V. 224, No. 19, 1983, p. 27. 

Chemical and Engineering News. Fluorine Method 
Bonds Diamonds to Metal. V. 61, No. 3, 1983, p. 48. 

2__——. Fluorinated Plant Steroids Kill Insect Pest. 
V. m No. 10, 1983, p. 6. 

———. V. 61, No. 14, 1983, p. 18. 


Gallium 


By Luke Baumgardner! 


Gallium in the form of metal or metallic 
compounds was used in the United States 
primarily in the production of solid-state 
electronic devices. Although the predomi- 
nant use was in light-emitting diodes, a 
large potential market may be developed in 
the manufacture of microwave devices, so- 
lar cells, lasers, and integrated circuit chips. 

Domestic Data Coverage.—Domestic con- 
sumption data for gallium were developed 


by the Bureau of Mines from a voluntary 
survey of U.S. operations. Of the 41 oper- 
ations to which a survey request was sent, 
17 responded, representing an estimated 
42% of the total consumption shown in 
tables 1, 2, and 3. Consumption for the 24 
nonrespondents was estimated using 1983 
import data and information on production 
and domestic consumption trends. 


Table 1.—Salient U.S. gallium statistics 
(Kilograms unless otherwise specified) 


1979 1980 . 1981 1982 1983 
Production ________________________ NA NA NA NA NA 
Imports for consumption _______________~_ 6,401 6,175 5,536 5,199 1,294 
Consumption _______________________ r9 050 "8.810 6,810 6,660 6,425 
Price per kilogram- - - --------------——- $510 $510-$630 $630 $630 $525 
Revised. NA Not available. 
DOMESTIC PRODUCTION 


The sole U.S. producer of gallium metal 
in 1983 was Eagle-Picher Industries Inc. 
The company’s plant in Quapaw, OK, re- 
covered gallium from zinc production resi- 
dues. Domestic demand and production 
both apparently declined in 1983. A Canadi- 
an firm, Musto Explorations Ltd., Vancou- 
. ver, British Columbia, planned to recover 
gallium and germanium from an abandoned 


copper mine near St. George, UT, by the 
first quarter of 1985. According to the 
company's plans, material from the mine 
dump was to be treated in a newly con- 
structed mill during the first 2 years of 
operation. Underground ore in place, devel- 
oped by diamond drilling, was expected to 
provide feed to the mill after the first 2 
years. 


CONSUMPTION 


Gallium and its compounds, particularly 
gallium arsenide (GaAs), received consider- 
able attention during the year from re- 
search and development units of the elec- 
tronics industry. Because gallium arsenide 
chips can handle very high frequencies and 
can operate at more than five times the 


speed of silicon chips, there are a number of 
applications that could materially increase 
the demand for gallium. These include inte- 
grated circuits, lasers, solar cells, infrared 
light-emitting diodes, and amplifiers in 
fiber optic communication systems. 
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Table 2.—U.S. consumption of 
gallium, by end use 


(Kilograms) | 

End use 1981 1982 1983 

Specialty alloys - ___._-_.-.-. 2 27 43 

Electronics! _________._-_ "6,261 6,136 5,915 

Research and development .. — 490 1440 410 

Unspecified - -.--------- 57 57 57 

Totül 22S 76,810 76,660 6,425 
"Revised. 

lLight-emitting diodes, semiconductors, and other 


electronic devices. 


Table 3.—Stocks, receipts, and consumption of gallium! 


(Kilograms) _ 
Purity Beginning ` Sec, Consume. Ending 
97.0%-99.9% MAA A | 119 16 28 106 
SEENEN 4 14 14 4 
A AAA A 5 76 76 5 
99.9999%-09.99900% -_-__.-___.---.--_--------- 1,785 6.498 16,548 1,140 
TOotal-ca ud uc menm AA 1,918 76.602 6,660 1,855 
97.0%-99.9% _.-_-__-_--------------------- 1006 — 48 45 109 
KE T ele PaO fs Poo pele EE 4 14 14 4 
99. 099%- asia oe ca tae A 5 19 20 4 
99.9999%-99.99999% _..____________ Le 1,740 6,368 6,346 1,762 
Total mi ir  J—————À—Ó——— 1,855 6,449 6,425 1,879 
"Revised. 
1Consumers only. 


PRICES 


In January 1983, the American Metal 
Market (AMM) quoted a price of $630 per 
kilogram for 99.999%-pure gallium metal in 
100-kilogram lots. On August 1, 1983, Eagle- 


Picher announced a reduction in its price 
to $525 per kilogram for 99.99999%-pure 
metal in lots of 100 kilograms, and this price 
was quoted by AMM through yearend. 


FOREIGN TRADE 


Significant quantities of gallium metal 
and its compounds are exported in the form 
of electronic and electrical components. Ex- 
port data on gallium waste, scrap, and 
crude metal are combined with other metal 
exports and cannot be separately identified. 

U.S. imports of gallium increased by more 


than 4096 over 1982 imports, with Switzer- 
land, the Federal Republic of Germany, and 
France supplying about 80% of the total. 
The average value increased to $438 per 
kilogram in 1983 from $377 per kilogram in 
1982. 


GALLIUM 
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Table 4.—U.S. imports for consumption of gallium 
(unwrought, waste and scrap), by country 


Country 


Germany, Federal Republic of -----------------—-- 
DT EE 
Spán ee a a a a 


1982 1983 
Kilograms Value Kilograms Value 
me 379 $171,074 ` 279 $130,640 
FEES m" Se 500 157,264 
E 480 170,066 829 304,334 
"» 1,448 669,406 918 415,094 
c 48 16,267 146 62,465 
Sa 148 21,402 ate cx 
es 2,429 807,087 4,154 1,956,778 
EN 267 97,129 468 168,001 
za 5,199 1,958,431 7,294 3,194,576 


WORLD REVIEW 


During 1983, world production and con- 
sumption of gallium appeared to decline 
moderately. This did not, however, delay 
the construction of new gallium processing 
capacity in Europe and Japan. 

Germany, Federal Republic of.—Preus- 
sag Metall AG announced the October open- 
ing of a new plant in Langelshiem that will 
recover and refine to 99.9999% purity about 
5 tons per year of gallium from gallium 
arsenide scrap. Also in Germany, Inter- 
national Gallium GmbH, jointly owned 
by NV Billiton Maatschappij and Ver- 
einigte Aluminium Werke AG (VAW), 
planned to startup at yearend 1983 a new 
plant at Lunen to produce 99.9999%- and 


99.99999%-pure gallium and gallium oxide. 
The latter plant was designed to produce 5 
tons of high-purity gallium annually using 
crude gallium recovered from VAW's Bayer 
alumina plant at Schwandorf. 

Japan.—Sumitomo Chemical Co. an- 
nounced the opening in October of a new 
plant to extract and refine from Bayer plant 
liquor 99.9%- to 99.99%-pure gallium. The 
designed annual capacity of 10 tons of 
gallium was the largest in the world. In 
northern Japan, Dowa Mining Co. Ltd. was 
installing gallium and indium recovery sy- 
stems at its zinc smelting plant. Gallium 
capacity was not announced. 


TECHNOLOGY 


Sumitomo Electric Industries Ltd., Japan, 
reportedly developed a method to produce 
large 2- to 3-inch-diameter gallium arsenide 
crystals that are virtually free of disloca- 
tions. High dislocation density, which de- 
grades the efficiency of the semiconductor 
chip, has been a major barrier to broad 
acceptance by the electronics industry of 
gallium arsenide crystals. Electrical and 
bulk characteristics following heat treat- 
ment of crystals produced by both the 
Bridgeman and Chochralski methods were 


discussed.? Chemical vapor deposition tech- 
niques for fabricating high-efficiency gal- 
lium arsenide solar cells, with a high power- 
to-weight ratio, were described.‘ 


1Physical scientist, Division of Nonferrous Metals. 

2Mining Journal. V. 301, No. 7735, Nov. 18, 1983, p. 365. 

3Sekinobu, M., and K. Matsumoto. GaAs Crystal Growth 
Technology for Wider Communication Use. Jpn. Electron. 
Eng., v. 20, No. 201, Sept. 1983, pp. 32-37. 

4Zwerdling. S., K. L. Wang, and Y. C. M. Yeh. High 
Efficiency, Thin-Film GaAs Solar Cells. J. Solar Energy 
(Engl. Transl. ASME), v. 105, No. 3, Aug. 1983, pp. 237-242. 
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Gem Stones 


By J. W. Pressler! 


The value of gem stones and mineral 
specimens produced in the United States 
during 1983 was estimated to be $7.4 mil- 
lion, a 8% increase compared with that of 
1982. Turquoise and peridot production 
decreased while tourmaline, sapphire, and 
opal production increased. Amateur collec- 
tors accounted for much of the activity in 
many States. Small mine operators pro- 
duced jade, opal, sapphire, tourmaline, and 
turquoise, which they sold mainly to whole- 
sale and retail outlets, in gem and mineral 
shops, gem shows, and to jewelry manufac- 


turers. 

Domestic Data Coverage.—Domestic pro- 
duction data for gem stones were developed 
by the Bureau of Mines from the production 
of Gem Stones survey, a voluntary survey of 
U.S. operations. Of the 46 operations to 
which a survey request was sent, 43% 
responded, representing an estimated 35% 
of the total production indicated in the text. 
Production for the 28 nonrespondents was 
estimated using reported prior year produc- 
tion levels adjusted by trends in employ- 
ment and other guidelines. 


DOMESTIC PRODUCTION 


Mines and collectors in 46 States produc- 
ed gem materials with an estimated value 
of $1,000 or more in each State. Eleven 
States supplied 91% of the total value as 
follows: Arizona, $2.8 million; Nevada, $1.2 
million; Oregon, $600,000; Maine, $500,000; 
California and Montana, $300,000 each; 
Wyoming, $250,000; Texas, $225,000; and 
Arkansas, New Mexico, and Washington, 
$200,000 each. Estimated production in- 
creased 33% in Idaho and Montana, 20% in 
California and Oregon, and 13% in Texas. 

Park authorities at the Crater of Dia- 
monds Park in Pike County, AR, reported 
that 89,500 people visited the park and 
recovered, by washing, screening and pan- 
ning, 1,501 diamonds, a 9% increase over 
that of 1983, with a total weight of 315 
carats. The largest was a 6.2-carat white 
stone of undetermined value. The next four 
largest diamonds, one white, two yellows, 
and one brown, ranged from 4.2 to 5.63 
carats. The total diamonds recovered aver- 
aged 21 points compared with 19 points in 
1982. The “dig for fee" operations remained 
popular. 

In Emerald Creek, ID, the U.S. Forest 
Service issued 867 permits to diggers and 


panners who found 735 pounds of gem 
garnet, most of which was asteriated, with 
the balance faceting grade. The garnet area 
consisted of three gulches, with one being 
especially noted for large stones. The 15 
largest stones reported during the season 
ranged from 4 to 18 ounces. Because of the 
cold weather, the area was opened for about 
100 days from May to September during 
1983. 

About 100 kimberlite pipes, 14 of them 
yielding diamonds, were discovered in Wyo- 
ming since 1960 by private companies and 
the Wyoming Geological Survey, utilizing 
heavy mineral stream sediment sampling, 
detailed geological mapping, and bulk sam- 
ple testing. In 1983, the University of Wyo- 
ming, the Wyoming Geological Survey, and 
the National Aeronautics and Space Ad- 
ministration were working on an airborne 
remote-sensing project for detection of kim- 
berlite. Three 100-square-mile plots near 


_the Wyoming-Colorado border had been 


covered from an altitude of 2,000 feet and 
the images received were being analyzed by 
computer. This airborne technique may pro- 
vide a more efficient and rapid means of 
exploring for additional kimberlite occur- 
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rences.? Bulk sampling and testing of about 
10,000 short tons from the 14 diamondif- 
erous kimberlites to date had yielded only 
an average of 0.01 carat per short ton, well 
below economic viability. The largest stone 
found weighed about 1 carat, and was of 
industrial grade. 

The Michigan Department of Natural 
Resources announced that there was evi- 
dence that kimberlite had been found in the 
Crystal Falls area of Iron County, MI. Dow 
Chemical Co. planned to mine a 30-ton 
sample for processing at the Michigan Tech- 
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nological University laboratory to deter- 
mine its diamond content.’ 

Montana continued to be the largest pro- 
ducer of gem-quality sapphire in the United 
States. Two companies, Intergem Inc. of 
Denver, CO, and Big Blue Sapphire Co. Inc. 
of Great Falls, MT, tested their properties 
on Yogo Gulch, near Lewiston, Fergus 
County, MT. Some high-quality Kashmiri- 
blue sapphires were recovered, although the 
total corundum content of the ore was less ` 
than 10 carats per ton. 


CONSUMPTION 


Domestic gem stones output went to ama- 
teur and commercial rock, mineral, and 
gem stone collections, objects of art, and 
jewelry. Value of apparent consumption 
(domestic production plus imports minus 
exports and reexports) increased 30% to 
$2,132 million. 

Jewelry store sales increased 5% to $8.9 
billion, and jewelry containing pearls and 
diamonds increased almost 10%. The 
Christmas trade was particularly good. De- 


mand for small, lower quality diamond 
goods was high, but the demand for larger 
stones of good quality was restricted. 

U.S. consumption of colored: stones in- 
creased slightly. However, the value of all 
imported gem stones, other than diamond, 
increased 24%, with sapphire leading .the 
way. Annual sales of emerald continued to 
be almost equal to those of ruby and sap- 
phire combined. 


PRICES 


The U.S. price of 1.0-carat, D-flawless, 
investment-grade diamond fluctuated be- 
tween $13,000 and $19,000 per carat, and at. 
yearend was $13,500 per carat, a decrease of 
32% for the year. However, only a few 


hundred of these perfect 1-carat stones have 
been available each year, and their value 
may have amounted to less than 0.2% of the 
total market. 


Table 1.— Prices of U.S. cut diamonds, by size and quality 


Description, 


Carat weight color 


0.04-0.08 orar atajos os o eerta G-I 
04- OB oin e G-I 
E cer ter eer G-I 
Ee G-I 
Add cerne M uA LR RISE eee G-I 
P Y A A A a G-I 
Ge G-I 
Ee G-I 
bo BOO MP See hs eebe G-I 
Oe EE EE G-I 
RE G-I 
Ee ee Ee ccc G-I 
EL Ni; AS G-I 
3:59: 49 oL C reae E Eie G-I 

OO a eo pue hM eS D 

EO00IS uan ee ee ee cse E 

LUO-LIO. nunc RR G 

OOTI o a T H 

EE a e de I 


Price range Median price per carat? 
IM a ) per carat? January December 
"mS? in1983 1983 1983. 
VS, $400- $613 $501 $490 
Sli 400- 520 400 450 
VS; 450- “70 525 560 
Sl 410- 610 450 475 
VS: 700- 1,300 750 835 
Shi 500- 1,195 650 690 
VS, 775- 1,470 940 965 
Sli 650- 1,350 750 770 
VS, 875- 1,700 1,250 1,260 
Sli 735- 1,570 1,000 1,050 
VS, 1,450- 2,350 1,900 2,000 
Sli 900- 1,845 1,480 1,545 
VS, 1,800- 3,010 2,250 2,500 
Sli 1,400- 2,465 1,750 1,950 
FL  13,000-19,000 19,750 13,500 
VVS, 6,800- 8,200 7,300 7,500 
VS, 3,500- 5,200 3,900 4,200 
VS2 2,400- 4,800 3,200 3,300 
Shi 2,000- 3,800 2,600 2,600 


1Gemological Institute of America (GIA) color grades: D—colorless; E—rare white; G-I—traces of color. 
"Clarity: FL—no blemishes; VVS;—very, very slightly included; VS1—very slightly included; VS5—very slightly 


included, but more visible; S1,—slightly included. 


3Jewelers' Circular-Keystone, v. 155, No. 2, Feb. 1984, p. 124. These figures represent a sampling of net prices that 
diamond dealers in various U.S. cities charged their customers during the month. 
*Tr.2 Diamond Registry Bulletin, v. 14, No. 1, Dec. 31, 1982, and v. 15, No. 1, Jan. 1984. 
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Prices for colored stones experienced lit- 
tle change during the year. 
The unit value of Colombian and Zam- 
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bian emerald continued at a median price of 
$1,500 per carat. 


Table 2.—Prices of U.S. cut colored gem stones, by size! 


Gem stone 


EE ee 
AQuAmarine. is md Denm Mum enr A ts 
CHE híc sec cM A erre EE 


Colombian 226222080424 avo en ee eS o 
Zambian EE A AA 
Commercial |... LLL LL lul 
Garnet, tsavorite ___________________________ 
Opal, black taria odas 
Opal white- s m o ls oe eee lees 
¡AA NI a e a a R 


Ruby: 


Medium to better a ew e ig SE eld ii Se 
Commercial®’____________________________ 


Sapphire: 


edium to better _________________________ 
Commercial? SEE EE AO 


TOD A A EE 
Tourmaline, green _________________________~- 
Tourmaline, pink - ----------------------———-— 


NA Not available. 
1Medium to better quality. 


Median price per 
C Price range carat! ? 
arat 
weight per carat 
in 1983 January January 
1984 

UA 10 $8- $24 $17 $17 
SN S 5 75- 210 150 150 
EE 10 8- .18 10 10 
fg a 1 900-1,800 1,500 1,500 
CHORUM ER 1 750-2,200 1,400 1,400 
Lies: 550-1,500 NA 550 
mr" 1 350-1,100 125 125 
NICE NA 
m—— NA 
Ger NA 
ee 1 500-2,200 1,200 1,200 
m 1 330- 660 NA 330 
CEU MR 1 150-1,500 700 700 
SE 1 220- 440 NA 220 
Ee 5 500- 950 162 162 
ANUS 5 80- 400 210 210 
See 5 60- 200 132 132 
E 5 50- 225 137 137 


2Jewelers’ Circular-Keystone, v. 153, No. 2, Feb. 1982, p. 154; v. 154, No. 2, Feb. 1983, p. 87. These figures represent a 
sampling of net prices that colored stone dealers in various U.S. cities charged their cash customers during the month. 


*The Gemstone Registry Bulletin, v. 11, No. 2, Jan. 1984. 


FOREIGN TRADE 


The declared customs value of U.S. im- 
ports of rough and polished natural dia- 
mond, excluding industrial diamond, in- 
creased 19% to $2.3 billion. Total polished 
diamond imports, principally from Belgium- 
Luxembourg, 32%; Israel, 24%; and India, 
23%; were valued at $2.0 billion. Imports in 
the over-0.5-carat category, mostly from 
Belgium-Luxembourg, 38%; Israel, 18%; 
and Switzerland, 15%; increased 17% in 
value to $741 million. Imports in the less- 
than-0.5-carat group, mostly from India, 
36%; Belgium-Luxembourg, 29%; and Isra- 
el, 28%; increased 23% in value to $1.2 
billion. Imports of rough natural diamond, 
84% from the Republic of South Africa, 
increased 15% in caratage and 6% in value. 
A slight decrease in carat value for South 
African imports, from $345 to $336, was 
indicated. 

The total value of emerald imports in- 
creased 11% to $134 million. The total value 


of ruby imports increased 2% to $67 million, 
and sapphire imports increased 35% to $85 
million. Average carat values increased 
14% for emerald to $63, but decreased 30% 
for ruby to $24, and remained virtually 
unchanged for sapphire at $25. 

Export value of all gem materials other 
than diamond remained virtually unchang- 
ed at $66.8 million. Of this total, other 
precious and semiprecious stones, cut but 
unset, were valued at $33.3 million; other 
natural precious and semiprecious stones, 
not set or cut, $14.3 million; synthetic gem 
stones and materials for jewelry, cut, $3.7 
million; pearls, natural, cultured, or syn- 
thetic, not strung or set, $1.8 million; and 
other, $13.7 million. Reexports of all gem 
materials, other than diamond, remained 
almost unchanged at $42.2 million. Reex- 
port categories were precious and semipre- 
cious stones, cut but unset, $31.1 million; 
and other, $7.9 million. 
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Table 3.—U.S. exports and reexports of diamond (exclusive of industrial diamond), 


by country 
1982 1983 
Country Quantity Value Quantity Value 
(carats) (millions) (carats) (millions) 
Expo 
[p Luxembourg _______________~_ cllc ll 40,655 $33.6 103,106 $50.5 
Canadá- ncn iUe au um Leer LE E UE. 10,193 5.8 16,134 10.0 
¡Ves eo ou eL eid heu Lc M Lars i Eu 4,990 9.8 4,094 9.9 
Germany, Federal Republic ^ NEMPE 1,961 3.5 3,626 5.0 
Hong Kong AA A es se eee etl ata 41,395 100.0 58,851 81.0 
TN EEN 20,353 5.6 75,092 39.2 
HF EES 27,411 52.0 30,911 62.3 
ite lr 8,528 17.0 5,996 11.5 
WOOT esc kp oue e cete eee A 123 3 1,198 1.1 
Switzerland ______~_____________________e_ 13,649 48.4 12,473 76.8 
NEIEN, WEE 426 7 3,504 3.3 
United Arab Emirates________________=_____ 879 5 1,035 A 
United Kingdom _____~__~___ ~~ _~__ sos 4,180 9.1 5,441 9.5 
AMA A A A ES T4 128 16.5 2,912 6.0 
A A E 184,871 292.8 324,373 372.8 
Reexpo 
gier Luxembourg occ il Se a 11 368,040 108.0 11,317,578 84.6 
Canada ns uc ap AAA 5,117 1.6 10,145 1.7 
Chia uoc Let 11,864 .6 10,613 1 
Germany, Federal Republic of _________________ 1,781 1.5 25,919 2.2 
Hong Kong. ec at 112,431 54.8 83,800 28.0 
Indid uten nolsc xeu monica iid Las dL Se 370,863 7.2 226,987 6.1 
E EE 338,034 66.7 212,557 34.7 
BF E EE 77,687 26.8 92,934 11.0 
Netherlands. _________~_~_~___~__ ~~ o. 27,824 4.6 54,407 4.7 
Switzerland EE 43,727 39.3 31,667 43.7 
United Kingdom ______________~___________ 69,113 25.2 73,474 26.9 
Othere e x uar qe ceca a ee stared serene Ehe 771,697 T9 4 24,095 5.9 
A ee me ETE 2,498,178 345.7 2,164,176 249.6 
"Revised. 


1Artificially inflated in 1982 by auction of approximately 1.2 million carats of U.S. Government stockpile diamond 
stones with subsequent reexports as gem stones to Belgium-Luxembourg. In 1983, 1 million carats was similarly 
auctioned and reexported to Belgium-Luxembourg. 


Table 4.—U.S. imports for consumption of diamond, by kind and country 


1982 1983 
Kind and country Quantity Value Quantity Value 
(carats) , (millions) (carats) (millions) 
Rough or uncut, natural:! | a 

Belgium-Luxembourg ---------------------- 77,117 $25.3 111,211 $14.7 
A AAA 251 3 : Mi 
Cape Verde. dani ss cC 23 (2) 3,400 1 
Colombia AAA A ee x Da 21,413 » 
CONTO o s Los c e c M A LE LE. 3,878 1.1 8,690 2.1 
Dominican Republic a ta = 2 2,991 1 
HEEN cem ye ae E 1,768 1 4,989 A 
eegene 25,123 4.9 9,651 1.6 
Netherlands- - - - - ---------------------———- 6,581 4.4 1,585 2.1 
South Africa, Republic of - - - - - --------------—--— 579,815 |. F199.9 729,547 245.3 
Switzerland s E o EES le 6,955 6.8 13,035 2.6 
United Kingdom `... 11,818 19.3 41,234 18.4 
Mene2zuelü s o a ds e Daly a 38,156 2.8 65, 908 3.2 
E AA Ee 173,235 711.7 10,366 5.8 

AA E A AA 890,720 276.6 1,025,650 292.7 

Cut but unset, not over 0.5 carat: 

Belgium-Luxembourg - - - ----------------—--— 954,156 8323.6 1,126,400 358.7 
Hong KONG .——- nemo uie mes 21,196 11.0 29,957 8.9 
A A 1,229,187 271.4 2,153,148 440.8 
¡A A p 832,168 315.4 1,047,471 342.4 
South Africa, Republic of... 49,611 24.2 45,187 24.3 
Switzerland _— -----------------------——— 44,134 15.4 44,864 18.0 
United Kingdom |... - --- ---------------—--——- 39,080 16.5 31,417 17.2 
Oher zaa S 87,427 30.4 110, 438 31.1 


dic Wr — — €" —— 3,263,559 1,007.9 4,988,882 1,241.4 


See footnotes at end of table. 
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Table 4.—U.S. imports for consumption of diamond, by kind and country —Continued 


1982 
Kind and country Quantity Value 
(carats) (millions) 
Cut but unset, over 0.5 carat: 

Belgium-Luxembourg ____________~- DNE ER 232,263 $250.7 
Hong Kong eege een ee te EE 9,177 28.4 
India NANA 27,299 7.6 
Israel- A E Sh se ee esha oy ER 111,084 95.7 
Netherlands... rs a cocum 12,322 16.5 
South Africa, Republic of ------------------—- 36,045 51.7 
Switzerland ___§_~§_§__________ ~____________ 14,539 91.8 
United Kingdom _________________~________ 22,089 46.4 
Other ARA IIA AROS 15,717 44.3 
SV A A CC 480,535 633.1 


Revised. 
Includes some natural advanced diamond. 
2Less than one-tenth unit. 


1983 
Quantity Value 

(carats) (millions) 
281,064 $284.2 
9,135 23.8 
58,871 18.1 
165,641 132.1 
10,841 18.8 
33,936 47.4 
27,364 111.1 
29,544 58.8 
33,501 47.0 
649,897 741.3 


Table 5.—U.S. imports of natural precious and semiprecious gem stones, other than 


diamond, by kind and country 


1982 
Kind and country Quantity Value 

(carats) (millions) 

Emerald: 
Belgium-Luxembourg __________________---__ 5,392 $1.5 
Brazi —— s.c onc nee ALS A 328,976 5.7 
Colombia usus lS anm seht dest Ele el Se a 116,272 37.6 
Francen ee 12,963 2.9 
Germany, Federal Republic of ___________-___._._ 19,167 2.2 
Hong KONE =e rutha EE 100,955 15.5 
¡A a eR uL e or cce I Soe 1,136,247 11.5 
Israel — onc nou A EE 238,543 17.1 
South Africa, Republic of --—---------------—-— 15,702 4 
Switzerland «nuc os a ESI See 76,377 14.5 
RK EE | 61 (1) 
Thailand- 2m iacet er ero Bec eis 43,246 1.9 
United Kingdom `. ooo 18,442 3.9 
in NGC EE EE 154,507 16.1 
yy MR Ex 2,166,850 120.8 

Ruby 

¿AAA euet eie A 14,267 2 
Colombia- A SEA 17 (1) 
Germany, Federal Republic of __ ______________ _ 35,994 1.3 
Hong KONG: leede ll tai 203,379 9.1 
Inda oo ta 303,205 4.7 
Israel un eT Ge eg S E 25,258 T 
Switzerlünd ln n a a ee eie e 45,876 16.4 
Thallañd WEE 1,175,698 25.2 
United Kingdom _____________ ~~~ ~~~ ~~ 47,395 3.6 
A ee uu chu i ELS 182,194 146 
Total ¡a it ts es aa 1,933,283 65.8 

EE 
SE, eee ee 3,819 3 
AUSIA ei eeu B ta RS 14,521 2 
Belgium-Luxembourg |... oi 10,922 1.4 
A A caer A A eects tuus 4,022 (4) 
Canada- n nob Sn te et eet et, Ea ad 12,919 A 
Colombia m ees to gee EE 800 3 
o A A A A A 11,036 1.8 
Germany, Federal Republic of __ - - -----------—- 40,381 1.6 
Hong KONG ai o a it is So 179,616 8.0 
India oa eege 360,810 2.4 
AT A E SA 41,597 6 
Sri LANKA: 0100 Erin oi ts se ell lat elit 41;938 4.0 
Switzerland. 66,575 13.4 
RT, DEE 1,749,651 22.3 
United Kingdom ________________________- 25,800 3.0 
O A E ee 116,543 13.6 
Total cosa a usns ae a E LL at 2,580,950 63.3 


See footnotes at end of table. 


Quantity 


(carats) 


34,027 
174,314 
203,485 

7,806 
28,293 
44,289 

1,274,765 

87,145 

7,979 

41,518 

78,853 

64,590 

36,213 

33,662 


2,116,999 


163,361 
37,070 
53,343 

125,447 

230,186 
28,376 

221,416 

1,840,758 
19,472 
67,243 


2,786,672 


43,493 
44,945 
28,462 
11,080 
15,146 
14,656 
11,026 
121,800 
167,305 
130,481 
48,966 
48,377 
244,025 
2,456,096 
33,959 
50,736 


3,470,553 


1983 


Value 
(millions) 
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Table 5.—U.S. imports of natural precious and semiprecious gem stones, other than 
diamond, by kind and country —Continued 


1982 1983 
Kind and country uantity Value Quantity Value 
carats) (millions) (carats) - (millions) 
Other: 
Rough, uncut: 
AUT. == LE II ea o $0.9 $1.0 
Belgium-Luxembourg ------------------- A A 
Brażil ooa E a 4.4 11.1 
Canada. NO TR | (1) 1.4 
e TEE NA 3.4 NA 7.3 
Hong Kong a a di a iaa 1.1 9 
akiStah on AL A e T 5 
Switzerland. A 2.9 T 
DONA usse uui ee Ene 9 9 
AAA A Ek 5.0 2.5 
Totales a e li NA 19.7 NA 26.7 
Cut, set and unset: 

Australia == o as 2.4 2.1 
Brain o cs ey ed ici nl 15.7 12.5 
China caro — '————— m. 1.6 2.5 
Germany, Federal Republic of `. 10.0 11.8 
Hong Kong AAA A 19.7 22.6 
¡RA A ed NA 3.7 NA 4.5 
ET MA A E 84.7 152.8 
Switzerland _____________________-__- 3.4 4.5 
Taiwan == eg 1.1 4.8 
Thailand cs th ce di 2.2 2.6 
OUer eebe 14.4 6.8 
TODA EE NA 158.9 NA 221.5 


.TRevised. NA Not available. 
lLess than one-tenth unit. 


Table 6.—Value of U.S. imports of 
synthetic and imitation gem stones, by 


country 
(Million dollars) 

Country 1982 1983 

Synthetic, cut but unset: 
Austria ~_-______________ 1.0 1.3 
¡pr AAA ee 1.3 1.0 
Germany, Federal Republic of . _ — 5.9 6.1 
EUG AXE A 1.0 
Korea, Republic of- _____-__- 11.1 6.7 
Switzerland. 3.0 3.2 
Other == iii af? 1.2 
Total ci al ias 24.2 20.5 

Imitation: 

Austria 1 a o 7.2 10.9 
Czechoslovakia... 8 1.2 
Germany, Federal Republic of_ _ _ 3.0 4.4 
dapan.-i2-— cce e 1.3 2.4 
Other eeh ie ee "LI 1.4 
Totali. toos ios 13.4 20.3 
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Table 7.—U.S. imports for consumption of precious and semiprecious gem stones 
(Thousand carats and thousand dollars) 


Stones 


Diamonds: 


Rough or uncut!?_________________________ 


Cut 


Emeralds: Cut but unset 2 


Coral: Cut but unset, and cameos suitable for use in jewelry 


Rubies and sapphires: Cut but unset -______________ 
Maářcasites sno o e Se Sel at ti i 


Pearls: 


Imation oa hs ee eh tte Ar ire 


Other precious and semiprecious stones: 


Rough, UNCUE=< 222000 ds ES E 
Cut, set and unset __ ______________________ 


Synthetic: 


Cut but unset? __________ LLL LLL LLL 


"Revised. NA Not available. XX Not applicable. 


1982 . 1983 
Quantity Value Quantity Value 

RTI 891 276,577 1,026 292,687 
Dar 3,745 1,641,035 5,239 1,982,686 
SE 2,167 120,809 2,117 134,130 
SE A 2,804 NA 2,584 
SENE 4,514 129,794 6,257 151,931 
— NA 38 NA 121 
LAE NA 3,003 NA 3,019 
ECT NA 92,741 NA 162,833 
— NA ` 1,458 NA 3,015 
"o NA 19,769 NA 26,100 
cvv NA 160,300 NA 58,983 
Sa 26,703 23,238 36,787 18,948 
NM N NA , 

PEIN, NA 111,990 NA 17,281 
PENNE: XX 2,384,452 XX 2,856,454 


lIncludes 4,985 carats of other natural diamond, advanced, valued at $837,000 in 1982, and 16,799 carats valued at 


$759,200 in 1983. 
2Quantity in thousands of stones. 


WORLD REVIEW 


Angola.—It was estimated that diamond 
production by Companhia de Diamantes de 
Angola (DIAMANG) remained unchanged 
at 1.2 million carats, with a reduced value 
because of the depressed state of the inter- 
national diamond market. DIAMANG had 
retained over 600 expatriate workers since 
1978 in an effort to improve productivity, 
"principally in Lunda-Norte Province, near 
the Zairean border. Illicit theft and traf- 
ficking was reportedly encouraged by the 
Unita insurgents, who almost certainly 
derived substantial income from these 
activities.‘ 

DIAMANG’s total work force, about 
17,000, operated several mines within a 
50,000-square-kilometer concession in 
Lunda-Norte Province, with three mining 
divisions, at Andrada, Lucapa, and Cuango. 
Most of the diamonds were recovered from 
alluvial terrace and riverbed gravels. The 
average grade was about 0.2 to 0.3 carat per 
cubic meter, with some rich pockets yield- 
ing up to 100 carats per cubic meter. Ample 
alluvial reserves remained, and there was 
no haste to work the extensive kimberlite 
discovered during operations. Limited min- 
ing of the weathered kimberlite tops was 
carried out, and one of the largest pipes 
in the world—Camofuca Camazombo—was 
still being explored. Alluvial diamond re- 
covery methods were conventional, with 


some heavy media separators being em- 
ployed.5 

Australia.—The Western Australia State 
Government approved the Argyle Diamond 
Mines Joint Venture's mining project com- 
mencement of the AK-1 kimberlite pipe, 
with an estimated $440 million investment. 
The project involves preparation of the 
Argyle kimberlite pipe for commercial min- 
ing and construction of a 3.3-million-short- 
ton-per-year treatment plant, together with 
ancillary infrastructure and services. Ex- 
pected to be in production in 1986, the 
project’s annual output will eventually 
reach 25 million carats of diamond per year, 
with a minimum life of 20 years. Reserves 
are over 500 million short tons. Argyle was 
the richest diamond mine in the world in 
terms of carats per ton of ore.* 

Shortly after it approved the project, the 
state purchased Northern Mining Corp. 
N.L.'s 596 interest in the Argyle project for 
$38 million, most of which was to be covered 
by advance royalties on production. West- 
ern Australia's Prime Minister stated that 
the investment was the first step in the 
creation of the Western Australian Devel- 
opment Corp. designed to hold equity stakes 
in all natural resource projects.? 

Commercial production of diamond from 
Argyle's Upper Smoke Creek alluvial depos- 
it commenced on January 1, 1983, at an 


378 


expanded rate of 4,400 short tons of ore per 
day. By yearend, 1.18 million short tons of 
ore had yielded 6.15 million carats of dia- 


-. mond. It was planned to continue alluvial 


operations for 3 years, and to phase in with 
the kimberlite mining operation.* 

Argyle's diamond quality had been esti- 
mated through the testing and exploration 
phase as 10% gem and 20% to 25% near- 
gem. However, a yearend report by the 
Australian Bureau of Mineral Resources 
reestimated the quality to be 45% gem and 
cheap-gem, with the balance being industri- 
al stones and grit.? 

De Beers Central Selling Organisation 
(CSO) had a purchasing and marketing 
contract with the Argyle Diamond Sales 
Ltd. for 95% of the gem and 75% of the 
cheap-gem and industrial diamond stones 
covering the period of alluvial production 
and 5 years of large-scale mining of the 
AK-1 kimberlite pipe through 1990, which 
was estimated to have an annual produc- 
tion rate of 25 million carats. It was ex- 
pected that Australia would be the world's 
largest producer of natural diamond com- 
mencing in 1986. 

Two other companies reported diamond 
production from their exploration activities. 
The Bow River joint venture of Freeport of 
Australia Pty. Inc. and Gem Exploration & 
Minerals Ltd. recovered 2,177 diamonds 
with a total weight of 367 carats from 2,250 
tons of ore at Limestone Creek near the 
Argyle deposit. Afro-West Mining Ltd. also 
reported recovery of diamonds from claims 
along Smoke Creek, downstream from the 
Argyle project.*" 

Botswana.—Botswana not only became 
the world's second largest producer of natu- 
ral diamond, but the world's second largest 
producer of gem diamond. Three mines— 
Jwaneng, Letlhakane, and Orapa—reported 
production of 10.73 million carats, valued at 
$491 million, of which 4.3 million carats 
was of gem quality. The new Debswana's 
(De Beers-Government of Botswana joint 
venture) Jwaneng diamond mine west of 
Gabarone exceeded its nameplate capacity, 
and because of improved recovery processes, 
greatly increased its production ratio of 
small gem diamonds. Jwaneng produced 
almost 5.9 million carats of diamond, and 
another increase of up to 6.5 million carats 
was predicted for 1984, after which produc- 
tion would level off. In 1983, the Govern- 
ment of Botswana was forced to stockpile 
about one-third of its gem production, and 
the total value of its cumulative stockpile at 
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yearend was about $600 million. This was 
principally because the world market for 
larger stones was weak, while the small 
gem and near-gem material was very 
strong. Botswana's diamond exports consti- 
tuted about two-thirds of its total foreign 
exchange earnings.!! 

New diamond sorting and evaluation fa- 
cilities were established for all of Botswa- 
na's production, and Mabrodium of Belgium 
was granted permission to establish a small 
diamond cutting and polishing factory. The 
first polished stone was produced in 1981 by 
the company's subsidiary, Diamond Manu- 
facturing Co., in Gabarone.'? 

Evaluation of the DK" kimberlite pipe 
near Jwaneng was near final evaluation at 
yearend 1983, and an agreement by De 
Beers and Falconbridge Explorations 
Botswana resulted in continuing examina- 
tion and evaluation of other licensed areas. 

Central African Republic.—The princi- 
pal mining industry of the Central African 
Republic was diamond. State revenues from 
this production continued to erode. Illicit 
mining and trafficking was substantial. Re- 
ported production has been as high as 
524,000 carats in 1974, but in 1982, this had 
fallen to 277,000 carats. This decrease had 
encouraged the Government to attract for- 
eign investment. The major marketing co- 
operative consisting of nine companies pro- 
duced 264,900 carats in 1983, and five other 
companies produced 30,500 carats. A 1981 
World Bank International Development As- 
sociation's $4 million technical assistance 
project loan had included a portion for 
diamond exploration and a feasibility study. 
The final report, submitted in 1983 by a 
Canadian contractor, was confidential.*3 

China.—A new diamond cutting and pol- 
ishing plant was installed in Beijing in 1981, 
financed by the Dresdner Bank of the Fede- 
ral Republic of Germany. The joint venture 
consisted of the China National Arts and 
Crafts Import and Export Corp. and the 
export firm F. K. Narasimham from Frank- ` 
furt Main, and Franz Amann of Brucken 
Pfalz. The plant consisted of several hun- 
dred cutting and polishing machines from 
Franz Amann and included a training 
school for several hundred students. It was 
estimated that the indigenous supply of 
rough diamond consisted of 20% gem and 
near-gem quality, thus making approxi- 
mately 500,000 carats available for cutting. 
There was no domestic demand for cut 
diamond or diamond jewelry. 

China had an ambitious plan for develop- 
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ment of modern cutting and polishing 
plants using low-cost labor for an export- 
oriented industry. The plan also included 
manufacture of diamond machinery and 
tools.!* 

Colombia.—Smuggling of valuable emer- 
alds from Colombia continued to make true 
production and revenues difficult to assess. 
Export revenues from all precious stones, 
principally emeralds, declined in 1982 by 
17% to $43 million." 

Gabon.—The Government of Gabon re- 
ported that 25,913 carats of diamond had 
been produced in 1979 with a unit value of 
$16.53 per carat. No diamond production 
has been reported in recent years.!* 

Ghana.—Ghana Consolidated Diamonds 
Ltd., a Government corporation that oper- 
ated a diamond placer deposit at Akwatia, 
reported that production of primarily indus- 
trial diamond decreased to an estimated 
300,000 carats from 836,000 carats in 1981. 
The original Akwatia Valley placer gravel 
deposits were essentially depleted. Mining 
in 1983 was within a thin Akwatia terrace 
gravel pay zone. Current reserves were 
expected to be mined out within 10 years. 
Additional lower grade placer resources 
averaging 1 to 1.4 carats per cubic meter 
were known to occur in the Birim Valley. 
A United Nations Development Program 
team investigated these resources and 
found that development would require sub- 
stantial new foreign investment. 

Guinea.—Aredor-Guinea S.A. was ex- 
pected to begin commercial production of its 
$80 million alluvial diamond project in the 
first quarter of 1984. The Aredor-Guinea 
alluvial gravel mining was to be accom- 
plished by three 7-cubic-yard draglines with 
140-foot booms, and loaded into 40-ton artic- 
ulated vehicles for delivery to the nearby 
recovery plant. The plant consisted of a 
main recovery facility containing a heavy 
media separator, a washing section, a feed 
section, and a separator house. 

Fifty percent.of the Aredor-Guinea was 
owned by the Government of Guinea, and 
50% by Aredor Holdings Ltd. of Australia. 
Aredor Holdings in turn was owned 79.2% 
by Bridge Oil Ltd., 11.3% by the World 
Bank’s International Finance Corp., 5% by 
Industrial Diamond Co. of the United King- 
dom, 3.5% by Bankers Trust Australia (UK) 
Ltd., and 1% by Simonius Vischer of Basel, 
Switzerland. With a production rate of 
250,000 carats per year from 440,000 short 
tons of gravel, Aredor-Guinea had sufficient 
reserves for 14 years of operations. The 
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alluvial deposit is located in the 
Kissidougou area in southeast Guinea near 
the Sierra Leone border. Initial prospecting 
and exploration indicated that average ex- 
pected size of stone was 0.8 to 1 carat with 
an estimated value of $185 to $200 per 
carat. Marketing of the stones was to be 
done by Aredor Sales Pty. Ltd. of Basel, 
Switzerland, and managed by Industrial 
Diamond of London 3 

The U.S. Overseas Private Investment 
Corp., after a detailed feasibility survey, 
was providing political risk insurance to 
Bridge Oil's investment.'* 

India.—The flourishing diamond cutting 
and polishing industry exported 5.4 million 
carats of finished stones valued at $1.1 
billion, which required 27 million carats of 
imported rough stones as the raw material. 
This indicated an approximate recovery of 
20% from rough to finished stone. The 
number of Indian gem skilled workers had 
increased to 350,000, most of whom reside in 
the Palanpur-Bombay area. The trade and 
industry was dominated by 250 related fam- 
ilies, also from the Palanpur area.**? India 
was the leading importer and exporter of 
diamonds in the world. Both private and 
governmental buyers were searching the 
world to establish continuous supplies of 
rough. India's Minerals and Metals Trading 
Corp. (MMTO) continued its attempts to 
conclude agreements with African diamond 


- producing countries to bypass the hold De 


Beers Diamond Trading Corp. and CSO 
have on the world market. However, little 
progress had been achieved. Recent reports 
from Australia showed similar failure of the 
MMTC for direct buying. ` ` 

Despite efforts by the Indian Government 
to increase diamond mining, annual produc- 
tion had averaged only about 14,700 carats 
during the 1981-83 period. The largest sin- 
gle diamond found during the period was a 
29-carat gem quality from Majhgawan.?" 

Indonesia.—The Anaconda Co. was ex- 
ploring for diamond in central Kalimantan. 
Indonesia had produced about 15,000 carats 
of principally gem diamond from the alluvi- 
al gravels in recent years, and had been a 
producer of diamond since the 17th cen- 
tury.?! 

Israel.—Imports of rough diamond in Is- 
rael increased 37% to $782 million. Exports 
of cut and polished diamond goods increased 
11% to 1.0 billion. However, about $100 
million of the commodity trade deficit in- 
crease could be traced to the diamond 
trade.?? 
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Ivory Coast.—The Government of Ivory 
Coast reported that 48,000 carats of dia- 
mond had been produced in 1979. No appar- 
ent production has been reported in recent 
years. 

Liberia.—Two alluvial diamond mining 
areas were in operation, at Takpormah on 
the Lofa River 130 kilometers northwest of 
Monrovia and at Gbapa south of Nimba. 
Most gravels were screened, washed, and 
jigged or panned by hand. In 1982, 780 
diamond mining licensees produced 433,000 
carats valued at $26 million. Gem-quality, 2- 
carat diamonds were produced from Tak- 
pormah and up to 6 carats from Gbapa. 
Reported production decreased 24% in 1983 
compared with that of 1982. 

Mali.—The Malian Ministry of Energy 
and Mines and the French Office for Geo- 
logical and Mining Exploration signed an 
agreement in Bamako to conduct diamond 
exploration and extraction in the Kenieba 
area.^ 

Namibia.—Despite the De Beers’ CDM 
(Pty.) Ltd.'s temporary cutback near 
Oranjemund, 10.6 million short tons of 
gravel and conglomerate were processed to 
produce 963,000 carats of diamond, a reduc- 
tion of 5%. The No. 4 plant foreshore 
mining face was maintained in operation 
throughout the year and extended about 
130 meters seawards of the high water 
mark, and mining operations were starting 
to extend the seawall further westward into 
the sea. Operational bedrock depth was 15 
meters below mean sea level. The ratio of 
gem to industrial quality was maintained at 
95% .?* 

Pakistan.—In the previous few years, 
Pakistan had emerged as an important 
world producer of precious gem stones. In 
1981, exports were $6.2 million of principal- 
ly aquamarine, emerald, ruby, and topaz. 
The Gemstone Corp. of Pakistan, a Govern- 
ment corporation, had been set up in 1979 to 
promote the production of gem materials. 
Most of the gem stones were found in the 
northern areas of the country close to the 
Himalayas.?5 

Sierra Leone.—Sierra Leone's diamond 
production decreased from about 800,000 
carats annually in 1978-79 to an estimated 
275,000 carats in 1983. Estimated to be 70% 
gem quality, illicit mining and trafficking 
in Yengema and Tonge was reported to be 
uncontrollable. A new Kono kimberlite 
mining project was organized in 1983 by 
Sierra Leone Selection Trust and the Gov- 
ernment of Guinea, which was projected to 
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cost in excess of $100 million. The project 
was to be handled by the Guinean National 
Diamond Mining Co., which was 60% owned 
by the Government, and 40% owned by 
Sierra Leone Selection Trust (a subsidiary 
of British Petroleum Minerals Co.). Financ- 
ing was to be obtained from European 
banking institutions, with loan guarantees 
by U.S. Overseas Private Investment. The 
feasibility of sinking a cheaper inclined 
shaft, rather than a vertical shaft, was 
being investigated.?* 

South Africa, Republic of.—Substantial 
increases in diamond production at the 
largest mine of De Beers, the Finsch, result- 
ed in a 13% increase in South African 
diamond production to 10.3 million carats. 
Higher throughput and grade improve- 
ments resulted in recovery of more small 
gem diamond for the improving world mar- 
ket. However, De Beers’ rough diamond 
stocks increased 10% to a total of $1.85 
million. The farm Letitia kimberlite explo- 
ration was terminated at yearend by De 
Beers, but exploration of the farm Venetia 
continued. De Beers was also a successful 
bidder in two deepwater marine diamond 
prospecting concessions situated off the Na- 
maqualand coast. Preliminary investigation 
was to require profiling of the coastal shore 
for location of gravel beds or heavy mineral 
concentrations.? A 471-carat flawless white 
diamond was found in a crusher at De 
Beers’ Premier Mine near Pretoria. A 72- 
carat flawless white diamond had been 
found earlier in the year.?* 

There was spirited bidding on the shal- 
low, mid-, and deepwater concessions on the 
Namaqualand coastline offered and award- 
ed by the South African Government during 
the year. Bid awards were made to large 
companies and small independents such as 
De Beers, Newmont Mining Corp., O'Okiep 
Copper Co. Ltd., Rio Tinto Zinc Corp. Ltd., 
Terra Marina Mining Co. Ltd., and Ocea- 
neering International Ltd. 

Mafikeng Diamonds Ltd. was test mining 
an alluvial diamond deposit near Mafikeng, 
Bophuthatswana. Rio Tinto's subsidiary, 
Rio Tinto South Africa, was managing the 
daily throughput of 1,400 short tons of 
gravel. The test duration was to be a full 
year. The 2,300-hectare lease contained 
about 27 million short tons of gravel.?* 

Two kimberlite pipes, previously aban- 
doned by De Beers as uneconomic, were 
being retested by Trans Hex Group Ltd. of 
Cape Town. The Swaziland Government 
issued a license to Trans Hex for the mining 
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of the Ehlane and Dokolwayo pipes.*? 

Sri Lanka.—Sri Lanka, previously Cey- 
lon, has been a world-class producer of gem 
stones since ancient times. Most important 
are sapphire, ruby, chrysoberyl, beryl, and 
spinel. Other gem stones include aquama- 
rine, garnet, moonstone, topaz, tourmaline, 
and zircon. These precious stones are found 
in the layers of older alluvium and river 
gravels of Quaternary age in the valleys of 
the Ratnapura district in southwest Sri 
Lanka. The operations are a mixture of 
Government corporations, overseas joint 
ventures, and private entrepreneurs. Some 
priority has been given to the areas to be 
inundated by the Majaweli and Samanala 
Wewa irrigation projects. Regular gem auc- 
. tions have been held since 1980.*: The State 
Gem Corp. is significantly involved in the 
industry, but most of the production comes 
from the small miners. Simple hand wash- 
ing processes are employed. Estimated 1981 
exports and tourist sales were $91 million, 
an increase of 31% compared with that of 
1980.32 

In 1983, a large deposit of high-quality 
blue sapphires was discovered near the 
village of Aluth Nuwara in southern Sri 
Lanka. It was reported that many million- 
aires were created overnight, and as many 
as 10,000 people became rich. As much as 
90% of the gems were smuggled out of the 
country.** 

U.S.S.R.—Soviet diamond output increas- 
ed 1% to 10.7 million carats, with no indica- 
tion of any new diamond mining develop- 
ment. The Soviet method of diamond mar- 
keting had not changed for 20 years, with 
both polished diamonds and rough gems 
sold via Geneva and Antwerp. The Antwerp 
Diamond Association reported that rough 
diamond supplies from the U.S.S.R. were 
larger in 1983 than those from De Beers. 
Shipments of packets of Soviet cut stones in 
Antwerp indicated a somewhat lower quali- 
ty, which may be a market phenomenon 
because of the higher demand for lower 
quality goods.?* 

A 95-carat gem diamond was found in 
Yakutsk, Siberia.?5 
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Zaire.—Zaire was the world's largest pro- 
ducer of natural and industrial diamond. 
Société Miniére de Bakwanga's (MIBA) dia- 
mond mine was at Mbuji Mayi on the river 
of the same name. MIBA continued its 
program to develop kimberlite deposits, be- 
cause of the declining alluvial reserves. A 
new $8 million dredge, put into operation on 
the river, was expected to extend MIBA's 
life for alluvial mining by allowing the 
mining of adjacent river flats and terraces. 
The new dredge had an annual capacity of 1 
million cubic meters and an operating 
depth of 28 feet.36 

MIBA, 20% owned by Sibeka of Belgium 
and 80% by the Zairean Government, 
mined 1.4 million cubic meters of alluvials 
for a production of 5.5 million carats of 
diamond. Fourteen private offices pur- 
chased 5.9 million carats of artisanal dia- 
monds worth over $71 million. In previous. 
years, most of these diamonds had been 
smuggled out of Zaire. The quality of the 
combined diamond production of MIBA and 
14 private offices was estimated to be 71% 
industrial stones and bort and the balance 
gem and cheap-gem. The Société Zairoise de 
Commercialisation de Minerais (Sozacom), 
Zaires diamond marketing organization, 
which had taken over the independent mar- 
keting companies in Kinshasa and Tshika- 
pa, reported a 58% decrease in diamond 
sales for a total of 423,000 carats of dia- 
mond, 60% gem quality. Despite the Gov- 
ernment's efforts, illicit mining and traf- 
ficking of gem diamonds continued to be 
substantial.” Sozacom moved the sorting 
and grading of diamond from the Centre 
National d’Expertise office in Kinshasa 
to the Miba Mine Headquarters in Mbuji 
Mavi 29 | 

Zambia.—Since 1974, emerald production 
from the Kafubu area of the Copperbelt had 
increased significantly, with about 18 
known deposits being mined in 19838. The 
estimated value of emerald production was 
$100 million, with only 10% of the output 
reaching the official market. The bulk of 
the emerald was reportedly being mined 
illegally and smuggled out of the country.?* 
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TECHNOLOGY 


Heat treatment was one of the first meth- 
ods people used to alter the appearance of 
gem stones. The Romans soaked ordinary 
agate in honey and heated it to produce 
black stone capable of taking a high polish. 
Throughout history, low levels of heat have 
been used to alter or improve the color of 
aquamarine, quartz, sapphire, topaz, and 
zircon. High technology has now improved 
this technique so that much more dramatic 
changes can be effected. It is likely that 
most modern-colored gem stones are treated 
by heat, or other means, and that detection 
can only be done by professional gemolo- 
gists. A tabulation of all gem stones and 
their reaction to heat treatment and/or 
radiation, including detection methods, was 
published. Ethical practices of the industry 
were discussed in light of the knowledge 
that the general public is not aware of this 
color enhancement as compared with a 
natural gem stone.** 

The Confederation Internationale de la 
Bijouterie, Dimants, Perles et Pierres 
(CIBJO) is composed of jewelry trade associ- 
ations from 23 countries. The American 
Gem Trade Association, the largest associa- 
tion of colored stone dealers in the United 
States, voted to adopt the CIBJO definitions 
and rules of application. One of the defini- 
tions was article 7 prohibiting use of the 
term “semiprecious,” indicating that the 
term “semiprecious” is unauthorized and 
false and must never be used.*! 
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Gold 


By J. M. Lucas? 


The lingering effects of the world econom- 
ic recession on the mineral industry en- 
couraged many fuel and nonfuel mineral 
producers to focus their attention on explo- 
ration for gold and silver. Hence, 1988 was 
p by new, mostly small, discoveries of 
gold. 

Domestic gold mine production of about 2 
million ounces,* was the highest since 1958. 
The tonnage* of gold-bearing ore mined in 
1988 increased by over 80% as new mines 


began production or reached peak produc- 
tive capacity. Conversely, the demand for 
gold-bearing products generally declined, 
both in the United States and abroad, re- 
flecting the influence of international eco- 
nomic and political events as well as on- 
going technological changes in the manner 
in which gold is consumed. The price of 
gold, though characteristically erratic in its 
daily progress, increased 18% over the aver- 


age for 1982. 


Table 1.—Salient gold statistics 


United States: 
Mine production. — _ — thousand troy ounces. . 
VT EE thousands. _ 
Percentage derived from: 
Precious metals oreg 2. 
metal ores __________________ 
Plateris- -= cit hs i 
Refinery production: 
Domestic and foreign ores 
thousand troy ounces. . 
Secondary (old scrap) - --- ------ do. — 
Exports: 
Refined `... do..--- 
Other AA te e do___-_ 
Imports for consumption: 
fned ui ia ad il do___-_ 
Other == rl ls do... 
Gold contained in imported coins... do. 
Net deliveries from foreign stocks in Federal 
Reserve Bank ________________ do____ 
Stocks, Dec. 31 
Industry! 2 do... 
Futures exchange |... do... 
Department of the Treasury gold mesa ion sales? 
On 
Consumption in industry and the arts_ _ _do_ _ _ _ 
Price:? Average per troy ounce ____________ 
Employment? _________~____~_______ _ 
World: 
Production, mine ____ thousand troy ounces. _ 
Official reserves? ______ million troy ounces. — 
“Estimated. Prelimin "Revised. 


1979 1980 1981 1982 1983 
970 1,879 71,466 1,957 
$296,550 $594,050 $633,918 — "$550,968 $829,929 
58 66 71 80 83 
41 32 27 17 14 
1 2 2 8 8 
878 187 805 719 892 
1,675 2,184 1,610 71,444 1,380 

15,590 4,102 5,238 1,637 1,881 

- 902 1,417 1,199 1,833 1,258 
4,374 4,090 4,164 4,238 8,599 
256 452 488 682 994 
2,790 3,081 2,612 2,908 1,948 
40 1,785 1,181 1,330 -220 
868 872 635 776 630 
2,473 4,998 2,449 2,303 2,530 
age ‘338 189 63 634 
4,785 3,215 3,216 "3,423 3,060 
$307.50 $612.56 $459.64 $375.91 $424.00 
3,200 5,500 7,500 6,800 5,200 
738,830 739,205 41,249 P43,057 “44,533 
1,145.1 1,149.0 1,148.3 "1,143.5 1,140.6 


1Unfabricated refined gold held by refiners, fabricators, and dealers. 


“Sales program began July 15, 1980. 
“Engelhard Industries quotation. 
*Mine Safety and Health Administration. 


"Held by market economy country central banks and Governments and international monetary organizations. Source: 


International Monetary Fund. 
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Table 2.—Volume of U.S. gold futures trading 


(Million troy ounces) 
Exchange Location 1979 1980 1981 1982 1983 
Commodity Panong Ine ess New York ` ` 654.15 788.72 1,041.67 1,212.40 1038.28 
New York Mercantile Exchange _______ _ RANT. |. GEES 21 (1) "T s GE 
International Monetary Market? ________ Chicago ___ 355.87 254.35 251.82 153.35 99.40 
Chicago Board of Trade ____________.__ En. |: SE 10.30 7.15 1.47 1.96 10.15 
Mid-America Commodity Exchange |... eer: | uc 6.65 14.86 15.59 12.73 11.59 
TOTAL EE 1,027.18 1,065.08 1,310.55 1,380.44 1,159.42 


1Less than 5,000 troy ounces. Trading in gold futures was terminated in Jan. 1980. 


2A division of the Chicago Merchantile Exchange. 


Domestic Data Coverage.—Domestic 
mine production data for gold are developed 
by the Bureau of Mines from two separate, 
voluntary surveys of U.S. operations. Typi- 
cal of these surveys is the lode-mine produc- 
tion survey of gold, silver, copper, lead, and 
zinc mines. Of the 134 lode gold producers 
in operation in 1983 to which a survey 
request was sent, 51% responded, repre- 
senting 96% of the total mine production 
shown in tables 3, 4, 6, and 7. Production for 
the 65 nonrespondents was estimated, using 
reported prior year production levels, ad- 
justed by trends in employment and other 
guidelines such as company annual reports, 
the news media, and State agency reports. 

Legislation and Government Pro- 
grams.—The Nevada Legislature amended 
the State tax on minerals to ensure that 
when minerals, such as gold and silver, are 
removed from Nevada, whether sold or not, 
exchanged, or used in a manufacturing 
process, the mine operator must pay a tax 
on their value. 

On September 13, the first U.S. gold coins 
to be minted since 1933 were struck at the 


U.S. Bullion Depository at West Point, NY. 
They were authorized by Public Law 97-220, 
the Olympic Commemorative Coin Act, 
which provided for the minting and sale of 
more than 50 million gold coins by the U.S. 
Department of the Treasury. In authorizing 
the Olympic coin program, which also au- 
thorizes the minting and sale of silver coins, - 
Congress provided that at least $50 from the 
sale of each gold coin was to go toward the 
support of U.S. athletes at the Olympic 
games to be held in Los Angeles in 1984. 
Although the new Olympic Gold Eagle coin 
bearing a 1984 date and containing 0.484 
troy ounce of gold, went on sale to the 
public in October 1982, actual delivery to 
purchasers was to begin in 1984. 

On December 20, 1983, the Commodity 
Futures Trading Commission approved the 
trading of gold coin futures contracts on the 
Chicago Mercantile Exchange and the Com- 
modity Exchange Inc. in New York. By 
yearend, neither exchange had begun to 
offer a gold-coin-based contract; however, 
both had prepared tentative arrangements 
under which contracts would be proffered. 


DOMESTIC PRODUCTION 


Nevada was once again the Nation’s prin- 
cipal gold producer, and 1983 marked the 
fourth consecutive year in which that 
State’s gold mine production exceeded that 
of the previous year. Exploration for new 
domestic sources of gold continued at record 
high levels throughout the country and 
especially in the Western States and Alas- 
ka. A number of base metal producers as 
well as some companies traditionally 
involved only with fuels and other nonme- 
tallic minerals directed some of their explo- 
ration budgets toward precious metals ex- 


ploration. The favorable domestic economic 
and political climate also served to attract 
foreign exploration companies, principally 
Canadian. Nevada was the focal point of 
attention for the exploration for gold. 

The 25 largest domestic gold mines pro- 
duced 90% of all the gold mined in the 
United States during 1983. The top 10 mines 
accounted for 69% of the total gold produc- 
ed. The average recovery grade of gold ores 
mined in lode mines was 0.05 ounce per 
short ton, while placer mines averaged 
0.009 ounce per cubic yard of gravel washed. 
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Table 3.—Mine production of gold in the United States, by State 


(Troy ounces) 
State 1979 1980 1981 1982 1983 

AJASKA: eoe i it 6,67 12,881 26,531 30,513 34,702 
Arizona -oa Se ene 101,840 79,631 100,339 61,050 61,991 
California_ - —- -------------——- 5,01 4,078 6,271 10,547. 38,443 
Colorado _____________~______ 13,850 39,447 51,069 64,584 63,063 

A EAE NEE, 24,140 W W W 
Montana `. ,0 48,366 54,267 75,171 161,436 
E, TEE ; 278,495 524,802 ™757,099 920,331 

New Mexico |... ---- 14,966 15,847 ,149 W 
Ol A ia Cl eec W W 2,830 W 322 
South Carolina .. DN fae W TM a 
South Dakota ________________ 245,912 267,642 278,162 185,038 309,784 
Tennessee __________________ ue NR W IN = 
tah nr ee 260,916 179,538 227,706 174,940 238,459 
Washington _________________ W W W W W 
dk EE 964,390 969,782 1,379,161 T1 465,686 1,957,379 


TRevised. W Withheld to avoid disclosing company proprietary data; included in “Total.” 


Alaska.—One lode mine, the Independ- 
ence Mine near Palmer, produced a small 
quantity of lode gold, but most of the gold 
produced in Alaska was recovered in metal- 
lic form from placer mining operations. 
Eight bucketline dredges, three large and 
five smaller ones, mined gold near Nome, 
the Hogatza River, and Nyac. An estimated 
2,000 people were employed by the placer 
mining industry. Active gold mining oper- 
ations in the State, excluding recreational 
placer mines, probably numbered more 
than 300. More than 800 minjng licenses, 
mostly for placer mining, were issued by the 
State during the year. | 

Reported gold production was 34,702 
ounces, valued at about $15 million, com- 
pared with 30,513 ounces in 1982, valued at 
about $11.5 million. However, an informal 
field survey of Alaskan gold producers by 
the Alaska State Division of Geological and 
Geophysical Surveys suggested quite a dif- 
ferent production figure. The survey indi- 
cated that nearly 169,000 ounces of gold, 
valued at about $70 million, was recovered 
from Alaskan gold deposits, mostly placer 
deposits, during 1983, compared with 
175,000 ounces in 1982, indicated by a simi- 
lar survey. Nearly 11,000 mining claims 
were recorded in 1983 compared with about 
15,000 in 1982. An estimated $21 million 
was spent in the State on exploration for 
precious metals. The much lower produc- 
tion figure reported on a voluntary basis to 
the Bureau of Mines by producers reflects a 
perennial reporting problem aggravated by 
the remote location of most of the mining 
operations. 

Near the Alaska Gastineau Mine, south 
of Juneau, Juneau Mining Co. completed 
construction of a retreatment plant design- 


ed to recover both gold and silver from the 
tailings dumps of the old mine. The dumps, 
which are largely offshore in the Gastineau 
Channel, contain a considerable quantity of 
gold left over from earlier, less efficient gold 
recovery operations. 

At yearend, Noranda Mining Inc. was 
awaiting Government approval of its joint- 
venture plan of operation for the new 
Greens Creek Mine on Admiralty Island, 
southwest of Juneau. The planned 300- to 
800-ton-per-day underground operation was 
expected to produce silver, gold, lead, zinc, 
and copper and was to employ about 300 
people when it comes on-stream in 1987. | 

Further to the southwest of Juneau, on 
Chichagof Island, Queenstake Resources 
Inc. conducted an extensive program of 
underground and surface exploration and 
evaluation at the old Chichagof gold mine, 
which was one of Alaska's most productive 
gold mines until its closure by the War 
Measures Act in 1942. Queenstake discover- 
ed many favorable gold targets, and sam- 
pling of the old mine tailings yielded fur- 
ther promising results. One-half mile north, 
Enserch Exploration Inc. conducted further 
exploration at the old Hirst-Chichagof 
Mine. 

On Unga Island, in the Aleutian Islands, 
about 550 miles west of Anchorage, Alaska 
Apollo Gold Mines Ltd. reported encourag- 
ing assays following completion of a 20,000- 
foot exploration drilling program at its 
island claims. A comprehensive drilling pro- 
gram, to fill in details missed by the earlier 
program, was planned. 

Along Valdez Creek, 160 miles northwest 
of Anchorage, a consortium of Canadian- 
based miners, including Camindex Mines, 
conducted a drilling program that delineat- 
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ed two separate channels of payable placer. 


- gravels. Some gold was recovered inciden- 
tally during exploration of the 1,200-acre 
- property. | 

Along Tobin Creek, in the Chandalar 
District, the mechanized placer mine of 
Canadian Barranca Corp. Ltd., consisting of 
71 claims along 16 miles of creekbeds, re- 
portedly yielded 2,129 ounces of gold during 
the 90-day operating season. Studies by the 


company indicated that a minimum of | 


100,000 ounces of recoverable gold exists on 
the property, which is jointly held with 
Little Squaw Gold Mining Co. Work on the 
complex underground lode deposits on the 
property was confined to the 200-foot level 
and to an associated surface prospect. Ac- 
cess to these remote claims, located about 
200 miles north of Fairbanks, was both 
difficult and expensive; bulldozer sled trains 
were employed to bring in heavy equipment 
during the winter, and aircraft were used 
during the dry summer season to transport 
personnel and supplies. 

Noranda Mining's 62.5%-owned North- 
land Gold Dredging Ltd., which recovered 
nearly 2,000 ounces of gold from Tuluksac 
River gravels in 1982, produced only 190 
ounces in 1988. Delays in obtaining permits 
forced Noranda Mining to cancel funding 
for the seasonal operations. 

Delta Smelting and Refining Inc., a sub- 
sidiary of Delta Smelting and Refining Ltd. 
of Richmond, British Columbia, Canada, 
filed for bankruptcy. Many Alaska placer 
miners with precious metals on deposit with 
the firm experienced difficulty in financing 
their upcoming seasonal operations. 

Mining claim status packets were issued 
for 11 quadrangles of the Alaskan interior, 
which showed active and abandoned claims 
from 1900 to 1979.4 

Arizona.—Despite the lower production 
of copper in Arizona, where gold is an 
important byproduct, gold production in- 
creased. Exploration for gold and silver 
continued throughout the State, but was 
especially intense in Yuma County and in 
the newly created County of La Paz, formed 
from the northern half of old Yuma County. 
Mining and exploration activities in the 
nearby Cargo Muchacho and other mining 
districts of Imperial County, CA, sparked 
some of the interest in geologically continu- 
ous adjoining districts in Arizona. 

The Small Mines Div. of Phelps Dodge 
Corp. reported that it produced 5,600 ounces 
of gold and 250,000 ounces of silver from its 
several small mines in Arizona; one of these 
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was at Ash Peak in Greenlee County, anoth- 
er was at Bisbee in Cochise County, and 
several new properties were under investi- 
gation in Cochise County. The Small Mines 
Div. was formed in 1981 to acquire and 
develop ore bodies, especially those with 
gold and silver, that can be brought into 
production quickly and with a relatively 
low capital expenditure. | 

Ranchers Gold and Silver Exploration 
Program, a New Mexico limited partner- 
ship, continued to investigate its Mystic 
property, 9 miles north of Sun City, near 
Phoenix. The partnership acquired rights to 
additional acreage near the original Mystic 
property. The southern portion of the prop- 
erty, including the original Mystic holdings, 
on which drilling was performed, contains 
about 4,600 acres, and was designated “Mys- 
tic L" The northerly portion, or about 
18,000 acres, was designated “Mystic II.” 

Although drilling on the original Mystic 
property indicated significant gold mineral- 
ization, further study will reportedly be 
necessary to determine if a commercially 
minable deposit of gold exists. 

California.—Site preparation and con- 
struction at Homestake Mining Co.'s $250 
million McLaughlin gold mine in northern 
California proceeded smoothly toward the 
scheduled early 1985 startup date. Home- 
stake’s discovery of the 38.2-million-ounce 
deposit was the largest gold find in Califor- 
nia to date in this century. Located north of 
Knoxville, at the juncture of Napa, Lake, 
and Yolo Counties, the new mining and 
milling complex was expected to produce 
over 200,000 ounces of gold per year; this 
production combined with the approximate- 
ly 300,000 ounces produced annually at 
Homestake's principal gold mine in South 
Dakota would make Homestake the largest 
gold producer in the Nation. Recovery of 
gold from McLaughlin ore will entail oxida- 
tion of the finely ground ore at high pres- 
sure and temperatures in giant autoclaves. 
Use of the autoclave process to recover the 
McLaughlin gold will mark the first time 
that this technology has been used on a 
commercial scale. The company reportedly 
expected a gold recovery rate of better than 
90% using the new process. 

At Jamestown, in Tuolumne County, 200 
miles east of San Francisco, Sonora Mining 
Co. purchased New Jersey Zinc Exploration 
Co.’s interests in the old Crystalline, Jump- 
er, Harvard, and Dutch-App gold mines, 
then announced plans to begin surface min- 
ing at a rate of 5,000 tons per day by late 
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1984. The old mines, known collectively as 
. the Jamestown Mine, were expected to yield 

. about 120,000 ounces of gold and 140,000 
ounces of silver per year. 

Gold Fields Mining Corp. continued eval- 
uation of its Mesquite gold deposit, discover- 
ed in 1981, and announced that preliminary 
studies at the Imperial County property 
point to a production rate of about 100,000 
ounces of gold per year beginning about 
mid-1986. Open pit mining methods and 
heap leaching will be employed at the new 
mine. 

A multitude of other gold prospects in 
California, many former producing mines, 
. were undergoing extensive exploration and 
development. Among those . approaching 
production in the near future were Inca 
Resources Inc.’s Rich Gulch property in 
Plumas County, Terramar Resources 
Corp.’s Reid Mine near Redding in Shasta 
County, and the San Juan Ridge placer 
property of Placer Services Corp. near Ne- 
vada City. 

Individuals mining placer gold with small 
floating suction dredges, a popular full-time 
and recreational pursuit in many parts of 
California, had a relatively successful year 
as witnessed by the recovery of several 
large nuggets; the largest, a 53-ounce mass, 
was recovered from a small stream near 
Alleghany in Sierra County. 

Colorado.—Gold continued to be sought 
with vigor in Colorado’s historic mining 
districts. Exploration companies seeking or 
developing gold prospects were active in the 
Jamestown and Gold Hill-Sugarloaf mining 
districts of Boulder County, in the old Alma 
District of Park County near Fairplay, in 
the Cripple Creek District of Teller County, 
in the Montrose-Ouray region of west- 
central Colorado, and in Custer County in 
south-central Colorado. 

The decades-old discovery by State high- 

way workers of fine gold in a sand and 
gravel deposit along the Arkansas River 
eventually led to the 1983 startup of a small 
gold dredging operation by the Petro Fund- 
ing Corp. and its partner, Colorado Gold 
Brokers. The mine operators estimated that. 
the small deposit, located near Las Animas 
in southeastern Colorado, contains in excess 
of 12,000 ounces of gold. 
. Near Silverton, Standard Metals Corp. of 
New York, operator of Colorado's largest 
gold mine, the Sunnyside, operated at a new 
record high level, producing an average 
of 25,000 to 28,000 tons of ore per month 
throughout the year. 
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In August, Hecla Mining Co. of Wallace, 
ID, signed an agreement with Texasgulf Inc. 
under which Hecla assumed active manage- 
ment of properties held by Texasgulf and 
the Golden Cycle Corp., operating jointly as 
the Cripple Creek and Victor Gold Mining 
Co. The properties, including the Ajax and 
Cresson Mines and the Carlton mill, are all 
in the Cripple Creek mining district of : 
Teller County. Hecla agreed to increase the 
productive capacity of the existing mines 
and conduct further exploration and devel- 
opment: 

.Idaho.—At Yellow Pine, on Thunder 
Mountain i in Valley County, Arivaca Silver 
Mines Ltd. and Copper Lake Explorations 
Ltd., both of Vancouver, British Columbia, 
Canada, completed modifications to the 
Dewey gold mill and began milling stockpil- 
ed ore from the nearby Dewey open pit. 
Also in Valley County, near the old settle- 
ment of Stibnite, the West End gold mine of 
TRV Minerals Corp., operated by majority 
partner Superior Mining Co., resumed sea- 
sonal production in mid-May; this surface- 
mining, heap-leaching operation, which be- 
gan producing in 1982, was expected to yield 
over 30,000 ounces annually. Operators of 
the Golden Chest group of patented claims 
near Murray, north of the Coeur d’Alene 
mining district, began limited placer min- 
ing operations adjacent to the workings of 
the old Golden Chest Mine, a former pro- 
ducer. The feasibility of recovering gold 
from the old mine dumps on the property 
was also studied. As in previous years, 
exploration for precious metals continued 
throughout geologically favorable areas of . 
the State. 

An open file report by the U.S. Geological 
Survey indicated that traces of gold and 
other metals detected in Douglas fir trees 
and certain grasses on Red Mountain, in : 
Valley County, may indicate the presence of 
low-grade gold deposits as well as serve as a 
guide for biogeochemical exploration in oth- 
er areas with similar suites of vegetation.’ 

Montana.—In February, Placer US. 
Inc.’s (formerly Placer Amex Inc.) wholly 
owned Golden Sunlight Mines Inc. began 
full-scale open pit mining operations at the 
new Golden Sunlight gold mine east of 
Whitehall in Jefferson County. No major 
problems were encountered during startup, 
and design throughput of 5,000 tons per day 
was maintained throughout the year. A 
total of 79,700 ounces of gold was produced 


during this first year of operation. 


In the Little Rockies District of Phillips 
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County, Zortman & Landusky Mining Co. 
continued to increase its rate of precious 
metals production. The company’s two open 
pit, heap-leaching operations, which oper- 
ate on a seasonal basis from February or 
March through mid-September, produced a 
record high 77,000 ounces of gold and 
186,000 ounces of silver, up 10,000 ounces 
and 46,000 ounces, respectively, over 1982 
production. The cutoff grade of the ore, 
bearing microscopic particles of gold, is 0.01 
ounce per ton. 

In Silver Bow County, southwest of Butte, 
Montoro Gold Co. was in the public-hearing 
Stage of permitting for its proposed 50,000- 
ounce-per-year open pit, heap-leaching op- 
eration at German Gulch. Montoro Gold, of 
Vancouver, British Columbia, Canada, hop- 
ed to have the new mine, designated “Beal 
Mine,” in operation by late 1985. 

Three miles north of Cooke City, in Car- 
bon County, Ranchers Exploration and De- 
velopment Corp. of Albuquerque, NM, re- 
ported that drilling at the Golden Grizzly 
deposit appeared to have delineated a rela- 
tively small deposit, which is uneconomical 
at current gold prices. 

In Park County, Homestake continued 
development and environmental assess- 
ment studies on the Jardine gold deposit, an 
old gold mining camp near Gardiner next to 
Yellowstone National Park. 

The number of exploration licenses 
granted by the State increased from 161 
licenses to 64 companies in 1982 to 201 
licenses to 73 companies in 1983. Explora- 
tion activity, as well as activity associated 
with the opening or development of small 
lode and placer mines, was concentrated in 
the western half of the State. 

Nevada.—At least seven new mines were 
opened and several new deposits were dis- 
covered. A few established producers 
announced plans to expand their productive 
capacities. Of the top 25 gold producers in 
the Nation during 1983, 10 were in Nevada. 

Freeport Gold Co.’s Enfield Bell (Jerritt 
Canyon) Mine, in the Independence Moun- 
tains north of Elko, achieved record high 
production in 1983 of 262,000 ounces, 31% 
greater than its rated cgpacity of 200,000 
ounces. The 2-year-old mining and milling 
complex was the largest gold producer in 
Nevada and the second largest in the Na- 
tion. Ownership of the operation is divided 
between Freeport Gold (70%), a subsidiary 
of Freeport-McMoRan Oil € Gas Co., and 
FMC Gold Co. (30%), a subsidiary of FMC 
Corp. During the year, Freeport convert- 
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ed the original dual-circuit mill to an im- 
proved single-circuit design that was ex- . 
pected to improve overall gold recovery and 
afford greater flexibility in handling the 
carbonaceous and oxide ores being mined. 
The average grade of the ore mined was 
0.274 ounce per ton. 

Carlin Gold Mining Co., a wholly owned 
subsidiary of Newmont Mining Corp., pro- 
duced about 165,000 ounces of gold, mostly 
from the Carlin, Maggie Creek, and Blue 
Star pits. Included in this total was 37,000 
ounces recovered by heap leaching lower 
grade ores from several company properties 
in the area, including test ores from the 
Gold Quarry deposit, which has been under- 
going evaluation and engineering studies 
since its discovery by Newmont geologists in 
1980. Mining of this large, complex ore 
body, estimated to contain about 8 million 
ounces of gold, was planned to begin in late 
1985. Pending finalization of the program to 
develop the Gold Quarry deposit, the com- 
pany deferred further evaluation of its Rain 
deposit, located 20 miles south of the Gold 
Quarry. 

In February, Nerco Minerals Co., a whol- 
ly owned subsidiary of Nerco Inc., a mining 
subsidiary of the Pacific Power and Light 
Co., bought out Occidental Minerals Corp., 
including Occidental’s 50% interest in the 
Alligator Ridge gold mine in White Pine 
County. The remaining 50% interest in the 
mine, which began production in 1981, was 
controlled by the operating partner, Amsel- 
co Minerals Inc. 

At the Round Mountain gold mine, the 
operator, the Smokey Valley Div. of Loui- 
siana Land & Exploration Co., continued to 
achieve dramatic increases in gold output, 
with production rising from about 72,000 
ounces in 1982 to over 93,000 ounces in 1983. 
Production at the heap-leaching facility was 
scheduled to exceed 100,000 ounces in 1984. 

At Battle Mountain, near Lander, the 
Metals Div. of the Duval Corp. continued 
premining stripping of the company’s Forti- 
tude gold discovery announced in 1981. Gold 
production at Duval’s nearby Battle Moun- 
tain gold mine amounted to approximately 
80,000 ounces in 1983. | 

Early in the year, Cortez Gold Mines, a 
subsidiary of Placer U.S. Inc., began open 
pit mining of gold ore from its new Horse 
Canyon ore body. Prior to the opening of the 
mine, feed for the mill at Cortez was derived 
from old dumps in the nearby Gold Acres 
area of the Bullion mining district. In May, 
the Cortez carbon-in-leach mill switched 
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from the lower grade dump material to the 
higher grade Horse Canyon ore. The compa- 
ny expects to recover about 40,000 ounces of 
gold per year once the mine is fully opera- 
. tional and the mill has been tuned to ac- 
commodate the higher grade feed. 

On the famed Comstock Lode, old under- 
ground dumps of gold-bearing gob or waste 
as well as new areas of commercial mineral- 
ization were the objectives of mining oper- 
ations begun by the United Mining Corp. 
(UMO) in tunnels of the New Savage Mine 
underlying Virginia City. In April, the com- 
pany began processing gold-bearing ores at 
its newly acquired 750-ton-per-day mill at 
American Flat. In January, the new mill 
and several nearby surface and under- 
ground properties were acquired by UMC, 
with the result that for the first time, all 
the operating mining properties in the Com- 
stock Lode were controlled by a single 
owner. However, the subsequent discovery 
in May of high-grade gold elsewhere on the 
Comstock resulted in a flurry of claim 
staking and exploration by other compa- 
nies. 

In midyear, under an exploration and 
development agreement with Klondex Gold 
and Silver Mining Co. Minex Resources 
Inc. of Riverton, WY, began mining and 
heap-leaching operations at Klondex's Fire 
Creek gold property southwest of Carlin. In 
October, as the first part of a three-phase 
exploration and development plan, Minex 
completed leaching 10,000 tons of ore and 
poured its first bar of gold. In a joint 
venture between Centennial Minerals Ltd. 
and Electra Northwest Resources Ltd., both 
of Vancouver, British Columbia, Canada, 
open pit mining and heap-leaching oper- 
ations were begun at the Aurora gold and 
silver property in Mineral County. The 
consortium expected to produce about 7,000 
ounces from the property during 1983, and 
more in 1984. A number of other small open 
pit, heap-leaching operations similar to 
those above also began operating in the 
State in 1983. 

At the Gooseberry Mine in Storey Coun- 
ty, underground rehabilitation and infra- 
structural upgrading were completed, and 
the mine was returned to productive 
status in August by its new owner, Asa- 
mera Inc. Both mine production and mill 
throughput increased steadily toward year- 
end, with the mill attaining its fully rated 
capacity of 350 tons per day and an 85% 
recovery of the contained precious metal 
values. 
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During the year, there were numerous 
gold prospects throughout the State in vari- 
ous stages of exploration and development. 
Included among the recent discoveries were 
the Bluebird property of Kinetic Minerals 
Inc., adjacent to Battle Mountain in Lander 
County; the Santa Fe Prospect of Westley 
Mines Ltd. and Lacana Mining Inc.; Dee 
Gold Mining Co.’s new mine complex under 
construction at Boulder Creek in western 
Elko County; Placer U.S. Inc.’s Bald Moun- 
tain property in White Pine County where 
heap-leaching tests on crude ore began in 
October; the Buckhorn property of Cominco 
American Incorporated in Eureka County, 
southwest of Carlin, due on-stream in 1984; 
and Pacific Silver Corp.’s underground 
Buckskin Mine near Yerington, which was 
undergoing rehabilitation after having been 
closed for over 60 years. 

Oregon.—Nearly 60% of the active min- 
ing operations in Oregon, excluding produc- 
ers of sand and gravel and stone, listed gold 
as their principal product. Several small 
lode gold mines were intermittently worked 
during the spring and summer of 1983; the 
Pyx Mine in Grant County and the Thoma- 
son Mine in Baker County continued small- 
scale operations. In southwestern Oregon, 
the Sunny Valley Mining and Development 
Co. shipped a small amount of gold ore from 
the Greenback Mine in Josephine County, 
while small-scale placer operations in 
Josephine and adjoining Douglas Counties 
provided most of the State’s production. In 
Baker County, UNC Resources Inc. acquir- 
ed full ownership of the Cornucopia gold 
mine and planned to begin operations there 
in 1985. 

The level of gold exploration activity 
noted in Oregon in 1983 increased over that 
of 1982. Exploration was conducted at near- 
ly 50 sites, concentrated mostly in south- 
western Oregon and in east-central Oregon 
on the Grant-Baker County line. The princi- 
pal thrust was directed not only toward the 
old established gold districts, but also to- 
ward favorable ground in Harney, Lake, 
and Malheur Counties where many new 
gold prospects have been discovered since 
the recognition there, in 1978, of epithermal 
gold mineralization. Among the companies 
actively engaged in advanced stages of gold 
exploration in Oregon were the American 
Copper and Nickel Co., a subsidiary of Inco 
Ltd.; Nerco, a subsidiary of the Pacific 
Power and Light of Portland; and Silver 
King Mines Inc., which acquired the two- 
thirds interest that Texasgulf held in the 
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Iron Dyke Mine, a recent past producer of 
gold and copper. 

South Dakota.—Despite the increasing 
number of large new gold mines starting up 
in other Western States, South Dakota’s 
Homestake Mine at Lead retained its posi- 
tion as the Nation’s number one producer. 
Homestake reported the production of 
307,494 ounces of gold in 1983, compared 
with 185,039 ounces in 1982, when 4 months 
of production was lost owing to a strike. 
During 1983, the average grade of ore 
mined at Homestake increased 7%. Produc- 
tivity increased by an average of 1.01 tons 
per worker-shift, or 13%. The gold recovery 
rate also improved by 2%, to 96.1%. Explo- 
ration of the mine’s original opencut, first 
opened in 1877, continued throughout the 
year. 

West of Lead, at an elevation of 6,000 feet, 
Wharf Resources USA Inc., of Helena, MT, 
advanced from an experimental stage to full 
production at the Annie Creek gold mine. 
Production at the new open pit, heap- 
leaching operation was expected to be about 
18,000 ounces per year initially. Over 
500,000 tons of ore was to be mined and 
processed annually. The company, in part- 
nership with Homestake, also holds the 
adjoining Bald Mountain property, a poten- 
tial gold producer. 

Also west of Lead, Viable Resources Inc. 
of Casper, WY, and Freeport Exploration 
Co. were reported to have intersected signif- 
icant gold values on their Richmond Hill 
Prospect. Near Galena, Lacana Mining 
Corp., of Ontario, Canada, acquired the Gilt 
Edge gold property, which contains open pit 
ore reserves of 10 million tons grading 0.05 
ounce per ton. Exploration and metallurgi- 
cal evaluation were expected to continue 
into 1984. 


Utah.—The principal development relat- 


ing to gold in Utah in 1983 was the July 22 
dedication of the new Mercur gold mine by 
Getty Mining Co., a subsidiary of Getty Oil 
Co., and Getty’s joint-venture partner, Gold 
Standard Inc., of Salt Lake City. The new 
mine, which was expected to produce 80,000 
ounces of gold per year for 14 or 15 years, is 
at the old mining camp of Mercur, about 25 
miles south of Tooele. Construction of the 
$90 million open pit mine began in August 
1981, and its first gold bar was poured in 
April 1983. Vat leaching, carbon-in-leach, 
and electrowinning were employed at the 
3,000-ton-per-day mill to recover gold, which 
occurs in the ore as micron-sized particles at 
an overall ore grade of 0.09 ounce of gold 
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per ton. | 

The Utah Copper Div. of Kennecott, own- 
er of the Bingham Canyon Mine, near Salt 
Lake City, was again the largest producer of 
byproduct gold, and ranked third among all 
gold producers. | 

Noranda Mining's small open pit gold 
property at Tecoma, UT, progressed to the 
point where a production decision was ex- 
pected in 1984. Gold exploration in Utah 
continued to expand in 1983. In the East 


Tintic mining district in Utah County, Sun- 


shine Mining Co., of Idaho, took an option 
on a large tract of land containing the 
Trixie Mine, a former gold producer closed 
in late 1982, and the Homansville Fault 
area, targeted by Sunshine for exploratory 
drilling. To the southwest, in Beaver Coun- 
ty, a joint venture between Horn Silver 
Mines Inc. and Toledo Mining Co. was 
formed to explore the base and precious 
metals potential of properties held by Tole- 
do near Milford; many of the properties 
were former precious metals producers. 

Washington.—Of the nine mining proj- 
ects under production or development in 
Washington, five were properties where 
gold was the principal commodity. Similar- 
ly, gold and silver were the commodities 
most sought after by the 60 to 80 mining 
companies actively exploring in the State. 
Predevelopment exploration was funded at 
essentially the same: level as in 1982, but 
there were more firms contributing to the 
effort in 1983. The area around Wenatchee, 
Chelan County, continued to be the focal 
point of both exploration and of mineral 
land acquisition. More than one-half of the 
money spent for gold and silver exploration 
was invested in Chelan County as numerous 
companies responded to the spectacular 
drilling results announced early in the year 
from what is now the Cannon Mine, under 
development near Wenatchee. The news 
from the Cannon Mine led to the filing of 
over 1,000 mining claims in March alone. 
State sources reported that 19 companies 
were actively exploring for gold in Chelan 
County, whereas a similar report in 1982 
listed only 2. At least 45 other companies 
were known to hold land positions in the 
county by yearend. 

Encouraged by the results of their explo- 
ration at the Cannon Mine, joint venturers 
Asamera Inc., of Calgary, Alberta, Canada, 
and Breakwater Resources Ltd., of Vancou- 
ver, British Columbia, Canada, forged 
ahead with both exploration and develop- 
ment, adding new gold reserves and more 
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than 1 mile of new underground workings, 
as well as initiating the construction of a 
new decline and a 22-foot-diameter shaft. 
Milling and surface support facilities were 
also in the initial stages of development 
toward yearend. Initial production was 
. targeted to begin in early 1985. 

Elsewhere in Washington, Hecla an- 
nounced in late 1983 that it would close its 
Knob Hill Mine at Republic in mid-1984. 
The mine produced about 14,000 ounces of 
gold and about 80,000 ounces of byproduct 
silver during 1983, but ore reserves were 
near depletion. Nearby, Crown Resources 
Corp., of Denver, began producing gold and 
silver from the old Seattle Mine and was 
involved in joint-venture developments at 
the South Penn and Granny properties. In 
northern Ferry County, Vulcan Mountain 
Inc., of Lamona, WA, began gold and silver 
production using heap-leaching technology 
at the Gold Dike Mine. Considerable atten- 
tion was drawn to the Junction Reef Pros- 
pect of Veronex Resources Ltd., of Vancou- 
ver, British Columbia, Canada, and Rexcon 
Inc., of Spokane, where exploration discov- 
ered anomalously high gold values dissemi- 
nated in a stockwork system and some 
visible gold in an associated vein system. 
The prospect is geologically interesting as a 
potentially mineralized basement high sur- 
rounded by Columbia River basalt flows. 

Other States.—In Marquette County, MI, 
Callahan Mining Corp. completed its study 
on reopening the Ropes gold mine and 
announced its decision to spend $3.1 million 
for rehabilitation of the former gold produc- 
er. Production was expected to begin, at a 
rate of 30,000 to 35,000 ounces per year, in 
1985. Total capital costs required to bring 
the property on-stream at a rate of 1,000 
tons per day was expected to range from 
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$17 to $20 million. 

Gold exploration activity in northern 
Minnesota intensified during the year as 
numerous major mining and exploration 
companies expanded their search there for 
precious metals. Thousands of acres of land 
thought to be underlain by gold-bearing 
greenstone formations similar to those 
being explored around Hemlo in nearby 
southern Ontario, Canada, have been leased 
from the State in Beltrami, Itasca, Koo- 
chiching, Lake, Lake of the Woods, Roseau, 
and St. Louis Counties. Geological and geo- 
physical surveys were proceeding in this 
northern State area, generally between In- 


- ternational Falls and Ely. 


The Piedmont areas of Virginia, North 
Carolina, South Carolina, Georgia, and Ala- 
bama continued to receive attention from a 
number of companies seeking gold. Some of 
the major gold producers have maintained 
exploration offices in the South for several 
years. Near Goldvein in Fauquier County, 
VA, Callahan Mining Corp. drilled explor- 
atory holes around the old Franklin Mine, a 
former producer first opened in 1835, and 
explored the Little Elliot Mine several 
miles to the south. In the same general 
area, Phelps Dodge was reported to have 
conducted geological reconnaissance around 
its holdings encompassing the old Culpeper 
Mine near Mine Run, off the Rapidan River 
in Culpeper County. Walnut Creek Mining 
Inc. continued to develop its gold interests 
in Orange County, VA, near Rhodesville 
and Wilderness. There were persistent ru- 
mors reported during the year to the Vir- 
ginia State Geologist of coarse gold being 
recovered by recreational panners operat- 
ing along various streams in Buckingham 
County. | 


Table 4.—Mine production of gold in the United States, by month 


(Troy ounces) 
Month 1979 1980 1981 1982 1983 

January MEME" 11,827 11,922 98,887 106,956 131,404 
February ec ee 68,850 78,301 93,985 09,407 128,668 
¡AA A A RE ee nes Ce 15,561 87,040 115,200 138,066 150,340 
AD: a een Onn E EAE 15,222 89,477 110,366 "136,674 158,566 
IN ore ec a et SS 76,153 93,054 108,291 143,212 175,893 
UN ee hee 76,500 83,279 119,676 "116,925 174,895 
A A 79,557 59,595 126,675 "114,845 175,474 
AUEUNL.. o e Set ee os 92,974 57,130 125,505 114,538 187,764 
September uni Ot ee QUE 88,654 73,888 124,629 ™109,024 184,971 
October. n o o eet 92,331 84,161 123,201 127,928 179,387 
e oncle hc Eee 85,370 83,366 119,386 "127,843 162,163 
December a a ad a 81,385 102,569 113,960 "120,268 147,854 
Total t ce a o ai 964,390 969,782 1,379,161 "1,465,686 1,957,379 
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Table 8.—Gold produced in the United States by cyanidation’ 


Leaching in vats, tanks, and 


closed containers? * Leaching in open heaps or dumps? 
Year Ore treated Gold Ore treated 

(thousand recovered‘ (thousand as Weed bien 

short tons) (troy ounces) short tons) d 
NOUS WEEN 6,058,973 457,740 1,615,027 60,814 
AA lee he wy ee 7,869,153 483,113 3,910,427 120,142 
PANA ARCA EE 7,023,836 648,334 8,875,392 264,408 
AS ee a 7,616,036 710,688 12,294,232 391,033 
1983 e TP 11,485,384 1,066,513 15,726,120 500,508 


PPreliminary. 

1May include small quantities recovered by leaching with thiourea, by bioextraction, and by proprietary processes. 
“Includes autoclaves. 

3May include old tailings and waste ore dumps. 

“May include small quantities recovered by gravity methods. 


Table 9.—Gold produced at placer mines in the United States, by method of recovery! 


Material Gold recoverable 
Mines . washed 3 
Method of recovery i produc- oe (thousand lige Value piu 
ing STE cubic troy (thou- per cubic 
yards) ounces sands) 
Bucketline dredging: 
EE 2 3 475 3 $977 $2.056 
OS AAA a 2 8 170 8 1,719 10.111 
138 AA E 3 5 22,190 15 6,731 3.073 
A A IS 6 8 4,702 22 8,130 1.729 
D ————— ——— X 3 4 4,785 30 12,512 2.615 
Dragline dredging: 
Ee 3 10 386 44 1,110 54.019 
jl mU Mu MM "c EP 8 11 355 46 3,379 55.780 
e A ee 1 7 330 Zä 1,200 513.023 
¡AAA LL AS 3 14 r 399 43 71,188 F 518.960 
[oo -—— —m————PRPaÓ: 2 13 - 9310 43 1,333 53.481 
Hydraulicking: 

ie CEU MERE RA 8 8 176 2 613 3.480 
1980: Bre Fee A Ne ee le a oak 14 14 453 4 2,657 5.869 
TOS EE 7 7 113 1 526 4.678 
T992- s eet a ie 4 4 17 ($) 139 8.026 
E AA 1 1 3 ($) 117 43.342 

Nonfloating washing plants: 

EE AS 7 8 342 41 225 52.988 
2 AA A Ar aS 7 10 3314 44 2,605 57.811 
198l MOM MEE ER a a ke 9 13 3894 49 4,438 54.869 
1982 EE EE 10 11 805 13 4,829 6.000 
1983- HM REUS 5 5 646 13 5,406 8.364 

Underground placer, small-scale mechanical 
and hand methods, suction dredge: 
EE 3 3 4 ($) 5 1.281 
P. Ee 2 2 3 (9) 33 | 12.473 
0. UND METERS 6 7 108 1 401 3.728 
E AA A 15 15 30 ($) 174 5.848 
EE EE 23 24 3167 43 1,437 7.831 
Total placers:? 
EI ve DN IER TORTE PERS UPC PON 23 32 3784 *10 2,930 52.639 
TEE 28 40 2 3994 417 10,394 57.220 
1981.5 os ae ee iu. 26 39 2 33,335 429 13,296 53.719 
RA A IA 38 52 r 35,584 *38 714,460 r 52,475 
E A A E E E 34 47 35,711 449 20,804 53.454 
"Revised. 


1Data are only for those mines that report annually on the Bureau of Mines voluntary survey; there are many more, 
usually smaller and less well-established operations, mainly in Alaska, that do not report. 

2Does not include platinum-bearing material from which byproduct gold was recovered. 

3Excludes tonnage of material treated at commercial sand and gravel operations recovering byproduct gold. 

“Includes gold recovered at commercial sand and gravel operations. 

5Gold recovered as a byproduct at sand and gravel operations not used in calculating average value per cubic yard. 

SLess than 1/2 unit. | 

"Data may not add to totals shown because of independent rounding. 
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Table 10.—U.S. refinery production of gold 


(Thousand troy ounces) 


"Revised. 


1979 1980 1981 1982 1983 
795 173 801 718 885 
83 14 4 1 7 
1,675 2,184 1,610 1,444 1,380 
1,208 1,640 1,475 1,596 1,580 
3,761 4,612 3,890 78,160 3,853 


1Excludes upgrading of U.S. Government-owned gold eae coin gold) by the U.S. Assay Office, amounting to 


faa ounces in 1979, 2,921,587 ounces in 1980, and 2,476,6 


ounces in 1981. Refining activity terminated in Sept. 


2Data may not add to totals shown because of independent rounding. 


In North Carolina, the Canadian-based 
companies Petromet International Inc. and 
Canorex International Inc. optioned the old 
Portis Mine in Franklin County, north 
of Raleigh. The partners completed some 
drilling and trenching during the year. To 
the southwest in Montgomery County, Cor- 
vette Petroleum Corp. and Harlin Re- 
sources Inc., both of Vancouver, British 
Columbia, Canada, conducted drilling and 
geophysical tests on their holdings at the 
old Montgomery Mine, while the old Howie 
gold mine in nearby Union County received 
attention from Yellowknife Bear Resources, 
also of Canada. There were also reports of 
corporate gold exploration activities in 
Rowan and Cabarrus Counties. 

In South Carolina, Amselco Minerals, a 
subsidiary of British Petroleum Ltd., was 
exploring and evaluating gold prospects 
near Ridgeway, while Piedmont Land and 
Exploration pursued development permits 


and exploration interests at the old Haile 
Mine, 3 miles northeast of Kershaw in 
Lancaster County. There was also some 
activity centered around the old Brewer 
Mine in adjoining Chesterfield County. 
Developments in Georgia and Alabama 


were generally restricted to recreational 


gold mining and some unobtrusive explora- 
tion by various corporate interests. 

Refinery production of gold recovered 
from foreign and domestic ores increased 
substantially during the year as domestic 
mines increased their output. Gold refined 
from old scrap declined somewhat from the 
1982 level, while gold recovered from new 
scrap was essentially unchanged. In Salt 
Lake City, UT, Johnson Matthey Refining 
Co. began operating its new gold and silver 
refinery. The new $10 million facility had 
an annual capacity of 1 million ounces of 
gold and 4 million ounces of silver. 


CONSUMPTION 


The decline in domestic gold jewelry de- 
mand, where gold may assume a dual role 
as an item of adornment and one of invest- 
ment, may perhaps be attributed in part to 
the widespread availability of a wide range 
of alternative investments. Declines in 
those sectors where gold is an important, if 
not vital, constituent of many industrial 
products such as electronics, probably mir- 
rors the poor demand for many industrial 
products in 1983. 

The net quantities of gold bullion and 
gold in coins for investment purposes that 
flow to or from the private sector, excluding 
industry, are not reported. It was estimated 
that the purchases of gold bullion for invest- 
ment purposes were more than offset by 
sales by investors to industrial purchasers 


or for export. An estimated 2.5 million 
ounces of gold coin was believed to have 
been absorbed by the private sector, exclu- 
sive of industry. 

The volume of gold futures contracts 
traded on U.S. futures exchange markets 
began 1983 at record levels; in January, 
nearly 160 million ounces was traded. 
However, trading activity generally trailed 
off toward yearend, with December volumes 
down by one-half or more from January 
levels on most exchanges. Following a Com- 
modity Futures Exchange Commission rul- 
ing that allowed the trading of gold options 
to begin in 1982, gold option trading began 
in earnest in 1983, increasing in popularity 
toward yearend. 
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Table 11.—U.S. consumption of gold,' by end use 


(Thousand troy ounces) 
End use 1979 1980 1981 1982 1983? 
Jewelry and the arts: 
Karat WEE 2,276 1,249 1,420 71,638 1,413 
Fine gold for electroplating- - - - - - - ---------—- 32 30 24 17 18 
Gold-filled and other. - - - -- --------------——- 380 226 286 301 237 
Tota costs eee ie 2,688 1,505 1730 * 1,954 1,668 
Dental 4-4 a tts psa 646 941 314 358 360 
Industrial 
Karat gold. = eee ee eee eee es 64 50 64 44 
Fine gold for electroplating. - - - - -- ---------——- 197 592 528 T389 344 
Gold-filled and other- ________________-___ _ 545 657 633 1649 640 
Total unc uA o et et 1,406 1,287 31,210 71,102 1,028 
Small items for investment* ___________________ 45 82 4 
Grand total -—-------------------—-- 4,785 3,215 3,276 13,423 3,060 
"Revised. 


1Gold consumed in fabricated products only; does not include monetary bullion. 


ta may include estimates. 


3Data do not add to total shown because of independent rounding. 


“Fabricated bars, medallions, coins, etc. 


STOCKS 


Official.—The decline in stocks of bullion 
held by the U.S. Department of the Treas- 
ury was attributed in part to the use of 
bullion stocks to satisfy the minting re- 
quirements of both the Department’s gold 
medallion sales program and the new gold 
coin commemorating the 1984 Olympic 
Games. 

Official gold reserves of the market econo- 
my countries, including stocks held by the 
International Monetary Fund (IMF) and the 


Bank for International Settlements, totaled 
1.141 billion ounces at yearend 1983. IMF 
bullion stocks at yearend 1983 were essen- 
tially unchanged from stocks held at the 
close of 1982. 

Commercial.—The substantial liquida- 
tion of industrial stocks of refined gold 
probably reflected reduced expectations and 
a decision by the industry to maintain lower 
inventories. 


Table 12.—Y earend stocks of gold in the United States 


(Thousand troy ounces) 
1979 1980 1981 1982 1983 
Induslfy ———— is ia e 868 872 635 776 630 
Futures exchange ________________________ 2,473 4,998 2,449 2,303 2,530 
Department of the Treasury! ________________ 264,614 264,330 264,116 264,046 263,406 : 
Earmarked gold? _______________________ 359,285 354,453 350,640 348,555 341,402 


1Includes gold in Exchange Stabilization Fund. 


"Gold held for foreign and international official accounts at New York Federal] Reserve Bank. 


PRICES 


The Engelhard Industries price for gold, 
though lower in 1981 through 1983 than the 
record high level of $850 set in early 1980, 
remained well above levels established pri- 


or to 1980. The Engelhard-London daily 
final gold price began 1983 at $449.50, 
peaked at $509.25 in mid-February, declined 
erratically to the year’s low of $374.65 in 


GOLD 


November, and closed the year at $382.25. 
The average price for the year was $424.00 
per troy ounce. Since 1979, nearly all of 
the industrialized nations have adopted 
market-related prices for evaluation of their 


Table 13.—U.S. gold prices! 


(Dollars per troy ounce) 

Period Low 
1970 ni A eta eg C MIR es 217.15 
lp MODI" 481.50 
e al ace A EE 391.25 
TEE EE 276.75 
SE? 449.50 

ANUA ea o LU A LLL E E : 
ebe oon noL tnc Au E s M LS Lu LI aM ES 408.50 
Bo iles uerum M A ig ML e 408.75 
ADD NN SE AS E 417.00 
i aN ei eae E AENA 431.00 
dune 2. II A oe ee 400.25 
ENEE EE 410.75 
AUFUNL. o yet che oe cle uL he ant Bn el t a EIE 408.25 
September. EE net 

EE : 
November sou seu EA 374.65 
December: a na RP een 375.00 
Averoo AAA A pe c m aci 374.65 

!Engelhard Industries daily quotation. 
FOREIGN TRADE 
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bullion reserves; in 1983, the United States 
was the only holder of large gold stocks still 
valuing its bullion at a fixed price ($42.22 
per ounce). 


In addition to 3.6 million ounces of re- was also imported; of this total, 52% came 
fined gold imported during the year, an from the Republic of South Africa, 32% 


estimated 2 million ounces of gold in coins from Canada, and 4% from Mexico. 


Table 14.—U.S. exports of gold, by country 


Ore, base bullion, 
Scrap - 

Year and country Value 

janes (thou- 

sands) 
KEE 901,527 $287,361 
1980: ebe 1,416,634 860,501 
KEE 1,199,421 570,549 
I982. o als ae, 1,833,210 498,139 

1983: 

Belgium-Luxembourg_ - - -------——- 127,485 51,104 
Brazil o 226 92 
SI A ae 578,044 218,183 

¡y AAA 131,039 54,17 
Germany, Federal Republic of ` 22,286 8,980 

¡5 A ARAS 59 1 
Japan AA IA 6,347 2,118 
Kuwait ___________________ EH ee) 
Sweden IRA 16,080 6,480 
Switzerland. ,499 11,160 
United Kingdom- - . 839,869 146,901 

Uruguay ------------------ — = 
Other o a e da 2,866 1,213 
Total! cl io 1,257,800 501,016 


15,589,872 $4,620,503 


4,702,197 2,787,431 
5,237,585 2,501,337 
1,637,184 590,947 
27,045 12,110 
1,490,610 658,351 
84 31 
1,033 434 
8,507 15 
81,420 33,933 
3,535 1,495 
2 1 
197,541 84,777 
895 303 
63,797 27,990 
6,764 2,397 
1,881,233 825,418 


Total 

Value 

Se (thou- 

sands) 
16,491,399 $4,907,864 
6,118,831 3,647,932 
,437,006 3,071,886 
2,970,394 1,089,086 
127,485 51,104 
27,271 12,202 
2,068,654 876,534 

131,123 ; 

23,319 9,414 
8,566 3,607 
87,767 36,051 
3,535 1,495 
16,082 6,481 
231,040 95,937 
340,764 147,204 
63,797 ,990 
9,630 3,610 
3,139,033 1,326,434 


1Data may not add to totals shown because of independent rounding. 
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Table 15.—U.S. imports for consumption of gold, by country 


Ore, base bullion, Refined 


1 
scrap bullion Total 
Year and country Value Value Value 
Be (thou- GE (thou- Pal (thou- 
sands) sands) sands) 
Ku AAA AA 255,896 $79,534 4,373,802 $1,400,669 4,629,698 $1,480,203 
OBO RNA AA ER 451,509 243,230 4, 090, 488 506, 4,541,997 2,750,120 
jb. EE 487,675 214,927 4, 164 416 - 1,942,560 4,652,151 2,157,487 
EE 682,661 242, 4 237 669 1,650,719 4,920,330 1,898,604 
1983: 
Argentina _________________ 3,122 1,223 15,478 6,882 18,600 8,105 
Belgium-Luxembourg_ - - -------- 8,172 3,491 111,583 50,934 119,755 54,425 
Bolivia. —-------------—-—-—- 25,157 8,439 25,083 10,137 ,240 18,576 
Canada ___________________ 358,497 149,417 1,918,262 837,351 2,276,759 986,768 
Chile un et es ee uir 154,078 62,229 157,105 69,437 311,183 131,666 
Colombia ______~_________-~_~_ 1,672 694 7,011 2,881 P 3,575 
An Republic _._________ ,903 88,197 37,086 15,750 244,989 103,947 
EE 18,112 5, 2,191 940 15,303 ; 
disp: Federal Republic of ____-_ 14,952 7,740 317 235 15,269 1,975 
Guyana EE 0, 3,569 2,326 856 12, 4,425 
Hong Kong ________________~_ 2,710 65,377 28,479 68,087 29,463 
CT, A A ee 1,430 450 73,841 32,537 75,271 32,987 
Korea, Republic of. __________._-_ 1,369 16, 459 7,459 17,828 7,191 
| ri  —— e 6,418 2,372 GE 6,418 2,372 
e A AA 12,404 4,811 5,428 2,377 17,832 7,188 
Netherlands ________________ 57 11 20,972 10,615 21,029 10,626 
icaragua —-—-—--------------— S 5,069 2,381 5,069 2. 
Panama___________________ 446 35 15,000 5,692 15,446 5,727 
POR ety Neate ch ree 45,685 17,149 3 35,744 129,028 52,893 
Philippines________________ _ 41,151 15,923 EES 41,151 5, 
South RA Republic of ________ 8,146 3,394 26,546 12,161 34,692 15,555 
Switzerland _ ________________ 1,434 335,170 147,103 336,604 147,710 
United Kingdom- --_________._._ 20,683 8,689 13,128 5,436 33,811 : 
Uruguay ----------------—- 2,353 460 603,644 266,519 605,997 266,979 
Venezuela ________________~_ 31,185 9,100 17,248 ,894 : 14,994 
Yugoslavia _________________ c = 29,695 12,889 29,695 12,889 
A eebe 21,423 6,660 11,826 4,879 ,249 11,539 
Total! o a 993,793 401,548 3,599,188 1,575,570 4,592,981 1,977,118 


1Data may not add to totals shown because of independent rounding. 


Table 16.— Value of U.S. gold trade 


(Thousand dollars) 

Imports! for 

Year Exports consumption 
1: 1 ENEE 4,907,864 1,480,203 
E REESEN 3,647,932 2,150,120 
KEE DARE qr ne HERO ORO EE 8,071,886 2,157,487 
y EMEN A OD N E E UN NP NET ees al nee 1,089,086 1,898,604 
CES 1,326,434 1,977,118 
lValues of general imports were as follows: $1,506,716,888 (1979), $2,795,549,207 (1980), $2, 197,944,569 (1981), 

$1,940,356,813 (1982), and "D 995,529,387 (1983). 
WORLD REVIEW 


The upward course of world mine produc- 
tion continued in 1983, with the Republic of 
South Africa accounting for about 50% of 
the world mine output, and the U.S.S.R., 
Canada, the United States, China, Brazil, 
and 58 other countries accounting for the 
remainder. 

Consolidated Gold Fields' annual summa- 
ry of world gold supply and demand report- 
ed that the supply of gold (excluding most 
secondary gold) available to commercial 


purchasers in the market economy coun- 
tries in 1983 was about 42 million ounces;* 
of this total, about 35 million ounces was 
mined in the market economy countries; 3 
million ounces originated as net trade with 
the centrally planned economy countries 
such as the U.S.S.R., China, and North 
Korea; and net sales of gold to the market 
from official or governmental sources 
amounted to about 3.8 million ounces. 
Again, as in years past, most of the gold 
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entering the market from the Republic of 
South Africa, the U.S.S.R., and several 
other producing countries continued to be 
traded through Switzerland, England, and 
other Western European countries. 
According to the Consolidated Gold 
Fields' report, the demand for gold in the 
commercial sector of the market economy 
countries during 1983 was about 32.2 mil- 
lion ounces, a decline of about 2.3 million 


ounces from the demand level estimated for 
1982. Gold consumed in the developed and 
developing countries, combined, of the mar- 
ket economy world was divided, in millions 
of troy ounces, between the following end- 
use categories: jewelry, 19.2; electronics, 3.1; 
dental, 1.7; other industrial and decorative 
uses, 1.9; medallions and unofficial coins, 
1.0; and official coins, 5.3. 


Table 17.—Gold: World mine production, by country! 


(Troy ounces) 


Country? 1979 1980 1981 1982P 1983* 
EEN oh cay eue 10,140 10,622 14,757 20,319 21,000 
AAA A 596,910 547,687 590,737 866,815 1,035,250 
Bolivia EE 30,319 52,075 66,372 40,146 349,678 
Brazil? ee e dea Se na A ce o ds 320,000 1,300,000 1, 200, 000 "1,500,000 1,600,000 
AAA Se IM 133 130 “100 100 100 
Cameroon LL LL sss sls 2s soa 147 72 ' 816 r €300 300 
SIA Le 1,644,265 1,627,477 1,672,893 2,081,230 2,274,480 
Central African Republic... .. 2,181 *2,000 1,386 1,000 32,492 
AA 111,405 219,773 400,479 543,569 562,600 
China? conocio lle dos EE 200,000 225,000 1,700,000 1,800,000 1,900,000 
Colombia 2 -a-s a rad 269,369 510,439 529,214 481,846 3428, 779 
CONGO: A 6) - (8 48 83 80 
Costa Rica L- o 716,700 718,000 720,000 T271,000 30,000 
Dominican Republic. 352,982 369,603 407,813 380,254 3348,065 
EcuBdOb-- c nn Aceh er r2 251 12,476 2,347 r €2 300 2,100 
El Salvador ____~___________~_~_____ ee 2,720 2,492 3,883 3,300 3,000 
Ethiopia AMI e EE 77,970 e9 000 11,930 T *12,000 14,000 
¡NAAA ucc lu A 131,765 T23,939 30,595 46,821 50,000 
Finland «nonumm esos 28,325 41,828 31,893 36,780 37,000 
France- ————— mo dee 54,109 37,8391 36,362 67,967 10,000 
French Guiana? _____________________ 5,000 4,000 4,000 4,000 4,000 
Gabon eii da a at a ei LL 964 553 e550 “550 550 
Germany, Federal Republic of . 2,357 2,964 3,051 1,813 1,900 
ERLE AI nC EEN ™357,000 353,000 341,000 331,000 303,000 
Guyane EEN 10,593 11,003 19,263 ; ; 
Honduras zumo is a hen i 2,027 1,579 1,711 1,700 
Hungary? o at ce m eere aei scies 60,000 60,000 60,000 50,000 30,000 
MAA RS EA A 84,781 78,834 79,875 71,935 69,000 
Indonesia? ras ee a di ee 161,278 158,383 54,240 71,879 73,800 
apan E ee 127,626 102,339 99,242 104,136 $100,921 
Kenya EE “200 125 “100 21 20 
Korea, North? ______________________ 160,000 160,000 160,000 160,000 160,000 
Korea, Republic off |... 24,081 741,217 43,146 55,749 60, 
LIDerH-.- e nr Ee 1,086 1,243 1016 864 1012 656 1015400 
Madagascar________________________ 125 114 “110 r €110 110 
Malaysia: 
Peninsular Malaysia ` 5,493 4,621 5,691 5,814 5,600 
EE 55,292 60,905 69,915 €70,000 70,000 
Sarawak el os las LL cuc mer ct eus A 3 82 26 1 
Mallo Coso cues et munie ee at : 710,000 716,000 713,000 13,000 
Mexico... e eg EN e ld e AN E EE 190,364 195,991 203,160 196,248 209,000 
New Zealand ______________________e 6,998 6,419 6,071 1,015 8,000 
NEE ceo Li Nus ic 61,086 59,994 *62,000 51,849 346,142 
Papua New Guinea Ecce a Ett A 630,496 451,707 540,325 563,538 3582,000 
AAA A A T141,656 1142041 176,057 164,547 165,000 
EIERE ia 535,166 1643,806 753,451 834,439 801,710 
Portugal — EE 10,706 8,855 10,931 6,783 
Romania®____________=____________ 65,000 65,000 65,000 65,000 65,000 
Rwanda --—-—--------------------—-—— 472 944 1,204 286 3623 
Sierra Leonel! _____§__________________ NA 407 3,435 8,730 9,000 
Solomon Islands `. .. ............- 1,076 1,093 1,050 dei 110 1,100 
South Africa, Republic of. 22,617,179 21,669,468 21,121,157 21,355,111 321,847,310 
3 A A Ee 91, ,154 ,381 ; : 
Sudan®___________________________ 300 300 300 400 
Suriname -—----------------------—- 300 350 €380 - 599 600 
Swedeh n a tuus os e eiut i 10,000 10,000 10,000 T 377 160 77,000 
TAIWAN ta a te LE 14,243 13,278 56,695 71,770 352,361 
Tanzania oct io ii cA dS 322 246 r €400 r €600 800 


See footnotes at end of table. 
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Table 17.—Gold: World mine production, by country! —Continued 


(Troy ounces) 
Country? 1979 1980 1981 1982P 19839 

USSR o icd on utei actes i KIM 8,160,000 8,300,000 8,425,000 8,550, 600, 
United States- -—-—---------------———- 964,390 969, 782 1,379,161 1,465,686 1,957,379 
Venezuela_____________~_~~-_------__ 14,989 | r13, 565 18,326 27,993 25,000 
Yugoslaviaf__—-------------------——- 138,987 106,226 115,164 €122,000 120,000 
VANE AA A A IA 173,368 140,864 64,430 62,233 60,000 
Zambia oe a ee ee ade eee 7,933 10,576 10,545 13,439 310, 159 
Zimbabwe . 2. 2-222-222-2222 222- 368,000 371,000 6,000 0,000 

Total eos ae ee es ca edd T38,829,566 — 39,204,777 41,249,456 43,056,677 44,533,309 

*Estimated. —PPrelimin "Revised. 


1Table includes data available through May 30, 1984. 


2Gold is also produced in Bulgaria, Burma, Czechoslovakia, the German Democratic Republic, Guinea, Norway, Poland, 
Senegal, Thailand, and several other countries. However, available data are insufficient to make reliab e output 


estimates. 

*Reported figure. 

‘Officially reported figures are as follows, in 
1982—148, 408; Gegen mines (garimpos): 1979—36 


troy ounces; major mines: 1979—107,158; 1980— 131,432; 1981—140,691, 
; 1980—310,704; 1981—414,744; 1982—671, 982. 


"Very conservative estimate of output 197 9-80; total national production probably is much greater than these 
estimates, but no basis for arene of the balance of output is available; 1981-83 based on estimates prepared by the 


Gold Institute, Washington, DC 
*Revised to zero. 
"Data are for year ending July 6 of that stated. 
*Refinery output. 


?Excludes production from so-called “people's mines 


10These figures are based on gold taxed i for export a include gold entering Liberia undocumented from Sierra Leone 


and Guinea. 


Excludes estimates of gold produced in Sierra Leone, which is moved through undocumented channels for sale in 


Liberia. 


Australia.—Gold exploration, especially 
in Western Australia, was unusually in- 
tense; scores of both new and long-familiar 
gold prospects were under investigation, 
and efforts to discover or rediscover new 
commercial deposits continued to be re- 
warded. According to Government sources, 
most of the mining companies operating in 
1983 were either directly or indirectly 
. involved in gold exploration; as in other 
countries, principal corporate exploration 
objectives were the discovery of additional 
gold reserves at established mines and/or 
the discovery of large near-surface, low- 
grade deposits suitable for mining by 
open pit methods and processing by heap- 
leaching techniques. 

Western Australia was the principal gold- 
producing State. Kalgoorlie Mining Associ- 
ates (KMA), Australia’s largest gold- 
producing company, operated two mines in 
Kalgoorlie, Western Australia; the largest, 
the 1,800-foot-deep Mount Charlotte oper- 
ation, produced 121,842 ounces of gold in 
1983, compared with 134,543 ounces in 1982. 
Work on the new 4,000-foot Cassidy produc- 
tion and service shaft at Mount Charlotte 
was ahead of the scheduled 1987 completion 
date. The smaller mine, the Fimiston, locat- 
ed 3 miles from the Mount Charlotte prop- 
erty, produced 68,643 ounces in 1983 and 
62,622 ounces in 1982. At KMA’s Oroya 
mill, which serves both the Fimiston leases 
and Mount Charlotte, construction of a new 


carbon-in-pulp plant adjacent to the mill 
was begun and completed in 1983. An addi- 
tional 18,000 ounces of gold per year was 
expected from this new facility. On the 
Western Leases area of the Fimiston prop- 
erty, a new open pit operation was being 
developed to recover shallow, remnant, ox- 
idized vein material, small gold lodes not 
mined in previous underground work, and 
gold-bearing fill material. 

Western Mining Corp. Holdings Ltd. 
(WMO), with a long history of involvement 
in Australian gold mining, continued, 
through various group affiliations, to in- 


crease its gold production to 431,554 ounces 


in the 1982-83 financial year versus 290,840 
ounces in 1981-82. Several new gold mining 
operations in the area from Kalgoorlie 
south to Kambalda were developed by WMC 


over the past 3 years to produce over 


100,000 ounces per year. Gold production 
from the Victory, Great Boulder, and Sand 
King Mines, operated by WMC's 100%- 
owned subsidiary, Great Boulder Holdings 


 Ltd., increased from 26,520 ounces in 1981- 


82 to 87,184 ounces in the 1982-83 reporting 
period; production from the company's 
Lancefield Mine near Laverton, Western 
Australia, nearly tripled to 29,000 ounces 
during the same period. 

Sharply increased production was also a . 
feature of several medium-sized Western 
Australia mines, such as Hill 50's mines at 
Mount Magnet, Whim Greek Consolidated's 
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mines at Meekathara, and Metana Mineral 
N.L.’s placer operation at Nullagine. East 
of Nullagine, at the Telfer gold mine of 
Newmont Pty. Ltd. and Dampier Mining 
Co. Ltd., declining ore grade was reflected 
in a 15% decline in production. Newmont 
planned to begin heap-leaching operations 
in 1984 to recover gold values from Telfer's 
low-grade reserves. At Lake Grace, south- 
west of Kalgoorlie, Otter Exploration N.L. 
commissioned a new carbon-in-pulp plant 
and began producing gold from ore mined at 
Griffin's Find. Numerous other small oper- 
ations began production throughout the 
goldfields of Western Australia as well as 
those of other Australian States. 

Near the town of Leonora, north of Kal- 
goorlie, at the Harbour Lights gold depos- 
it, which is due on-stream in 1985, Carr 
Boyd Minerals Ltd..and Esso Australia Inc. 
of Australia started shaft sinking and the 
lateral development necessary to obtain 
bulk ore samples for testing. Also near 
Leonora, at the famous old Sons of Gwalia 
Mine, a new company, Sons of Gwalia N.L., 
conducted exploration around the old depos- 
it and evaluated the considerable tailings 
dumps for possible retreatment. Another 
former gold producer under evaluation for 
possible reopening was the Big Bell Mine 
near Cue, Western Australia. At Cowarna 
Downs Station near Karonie, Western Aus- 
tralia, 60 miles east of Kalgoorlie, Freeport 
of Australia Pty. Inc, a subsidiary of 
Freeport-McMoRan, reported that general- 
ly disappointing results were obtained by a 
drilling program at its Karonie Prospect. 
The company was also working on 15 other, 
mostly gold, prospects in Australia. 

Elsewhere in Australia, Placer Develop- 
‘ment Ltd.'s $135 million Kidston gold prop- 
erty in northeast Queensland was scheduled 
to begin production in 1985 at an annual 
rate of about 270,000 ounces each of gold 
and silver. To comply with Australia’s for- 
eign investment regulations, Placer Devel- 
opment must sell. a 45% interest in the 
mine to Australian interests. In the North- 
ern Territory, Peko-Wallsend Ltd. produced 
over 80,000 ounces of gold at the Tennant 
Creek Mine; some copper and bismuth were 
also recovered. The company was consid- 
ering the possible development of its Ex- 
plorer 46 gold deposit near Tennant Creek. 

In Victoria’s Central and Western gold 
districts, CRA Ltd. of Australia researched 
the possibility of applying in situ solution 
mining techniques to recover deeply buried 
alluvial gold from Victoria's so-called “deep 
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leads.” To date, this new approach to gold 
recovery, which eliminates problems asso- 
ciated with ore removal, faces many techni- 
cal and environmental hurdles before gold 
production can be realized. 

Bolivia.—At the end of 1982, the Bolivian 
Government, through the Ministry of Mines 
and Metallurgy and the Corporacion Min- 
era de Bolivia, started a program to develop 
the nation’s gold resources. The program, 
named “The March Towards Gold," was 
given top priority. Primary objectives of the 
program were to explore placer gold depos- 
its along the Itenez-Guaporé River Valley 


along the Bolivian-Brazilian border as well 


as promising areas along the Madre de Dios 
River flowing northeastward out of the rich 
placer mining areas of neighboring Peru. 
A Government commission reported that a 
brief study of the targeted areas indicated a 
favorable potential for substantial gold pro- 
duction. Most of the gold presently recov- 
ered in Bolivia is produced by gold mining 


cooperatives operating along the Tipuani 


River, 75 miles north of La Paz, and by a 30- 
year-old dredge operated by Compania Min- 
era del Sur S.A. on the Kaka River. The 
Bolivian Geological Survey has been active- 
ly exploring gold areas of Bolivia since 1962 
and has assembled a roster of gold deposits 
with possible commercial value. 

Early in the year, ground was broken to 
commence open pit mining at the new Inti 
Raymi gold and silver deposit about 30 
miles northwest of the city of Oruro. The 
project, located along the banks of the 
Desaguadero River, is a 50-50 joint venture 
between Bolivian-owned Empresa Minera 
Unificada S.A. and the U.S. company West- 
world of Texas. This new project is the first 
in many years to be developed with foreign 
equity. The venture was expected to recover 
about 32,000 ounces of gold and 130,000 
ounces of silver for each year of the estimat- ` 
ed 10-year lifespan of the mine. The total 
capital investment was about $4 million. 
Toward yearend, the Government was plan- 
ning to establish a Government-owned gold 
mining company to oversee operations on 
the Mapiri and Kaka Rivers in La Paz; the 
company was to be called Yacimientos 
Auriferos Bolivianos. The Government, 
through the Central Bank, also considered 
regulations and incentives aimed at reduc- 
ing the smuggling of newly mined gold out 
of the country. | 

Brazil.—At the Serra Pelada gold mine in 
the State of Pará, where estimates of the 
numbers of independent miners, or garim- 
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pieros, working tiny individual claims rang- 
ed from 20,000 to 40,000, nearly 100,000 
ounces of gold was recovered in 1983, entire- 
ly by age-old hand mining methods. Efforts 
by the Brazilian Government to improve 
the safety of the miners were set back in 
September when an earthslide took the 
lives of 19 miners and injured 56 others. 
Shortly thereafter, Government actions, in- 
tended to close the mining operation com- 
pletely, were reversed after heavy opposi- 
tion and lobbying by mining unions and 
Brazilian legislators. In September, in the 
midst of this controversial period, a garim- 
piero found Brazil’s largest-ever gold nug- 
get, which weighed over 137 pounds. The 
nugget was purchased by the Federal Sav- 
ings Bank for nearly $1 million. Another 
nugget weighing nearly 80 pounds had been 
found earlier in June, also at Serra Pelada. 
Mining accidents, mostly mudslides, at 
unregulated diggings in the States of Minas 
Gerais, Pará, and Rondónia also claimed 


. the lives of a number of prospectors. Ban- - 


dits attacked exploration and mining camps 
and nearly one-half dozen garimpieros were 
killed by robbers. Nevertheless, gold seek- 
ers continued to pour into both the new 
and established gold mining camps along 
the rivers and in the jungles of Amapá, 
Amazonas, Goids, Mato Grosso, Minas 
Gerais, Para, Rondónia, and elsewhere. 
Corporations such as Paranapanema S.A. 
Mineracáo, Indústria e Construcáo, Brazil's 
largest tin producer, and Mineracáo Bruma- 
dinho S.A., Paranapanema's largest com- 
petitor, as well as both large and small 
domestic and foreign companies, -operated 
dredges and other placer mining machinery 
throughout the same general area. 

Lode gold mining in Brazil continued to 
increase but not as rapidly as placer mining 
had increased over recent years. Mineracáo 
Morro Velho S.A. (MMV), a subsidiary 
of Anglo American Corp. do Brasil Ltda. 
(which operates Brazil's largest under- 
ground mine, the Morro Velho, and oth- 
er mines near Belo Horizonte, in Minas 
Gerais, and at Jacobina in Bahia), produced 
about 170,000 ounces in 1983. Near Sabará, 
in Minas Gerais, MMV began reopening the 
Cuiaba and Raposos gold mines and ex- 
pected to double their combined productive 
capacities to about 110,000 tons of ore per 
month. 

Geologists from Government-controlled 
mineral and exploration companies con- 
tinued to conduct exploration for gold 
throughout the geologically favorable areas 
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of the country, and several finds were re- 
ported during 1983. Corporate exploration 
for Brazilian gold deposits also flourished 
during the year. In the Crixas region of the 
State of Goiás, Inco and Kennecott agreed 
to jointly explore Inco's Crixas deposit, dis- 
covered as a result of extensive regional 
exploration and detailed surveys and drill- 
ing. Among the foreign companies explor- 
ing for gold, or developing deposits, were 
subsidiaries of British Petroleum, General 
Union Mining Corp., Utah International 
Inc., Aoki Construction Co. Ltd., and others. 

Canada.—The recent Hemlo discovery 
and a general lack of interest in most other 
minerals served to further stimulate gold 
exploration during the year. The north 
shore area of Lake Superior, around the 
former Ontario railroad station of Hemlo, 
continued to be the scene of intensive land 
acquisition and prospecting, and, as noted 
in the “Domestic Production” section, this 
considerable interest spilled over into 
Minnesota. At yearend, over 200 companies 
were estimated to hold positions in the 
Hemlo area—more than double the number 
estimated to have been involved there at 
the close of 1982. At Hemlo, Noranda Mines 
Ltd., in a joint venture with Goliath Gold 
Mines Ltd. and Golden Sceptre Resources 
Ltd., began work on an estimated $200 
million development project expected to 
lead to the production of 300,000 ounces of 
gold per year beginning in early 1985. 
Noranda Mines' 1983 work included begin- 
ning construction in a 3,200-foot shaft and a 
1,100-ton-per-day mill to be known as the 
Golden Giant mill. Nearby, Teck Corp., in a 
joint venture with International Corona 
Resources Ltd., also began mill and shaft 
construction. The area's third developer, 
Lac Minerals Ltd., continued its drilling 
program while a feasibility study, nearly 
completed at yearend, focused on the capi- 
tal projects required to develop Lac's 
claims. So far, these three companies alone 
proved over 15 million ounces in gold re- 
serves. 

In other developments in Ontario, the 
Detour Lake joint venture, 150 miles north- 
east of Timmins, began production; nearly 
200,000 ounces per year was expected by 
1987. Also near Timmins, ASARCO Incorpo- 
rated decided to bring its new Aquarius gold 
mine into production beginning in early 
1984. A number of small gold mines were 
brought on-stream elsewhere in the Prov- 
ince during the year. 

In Quebec, Aiquebelle Resources Inc. and 
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Muscocho Explorations Ltd. began produc- 
tion at their gold properties. In the Atlantic 
and Prairie Provinces and British Colum- 
bia, several small gold mines began produc- 
tion, one closed, and several more were 
undergoing exploration. Placer mining ac- 
tivities in the Yukon continued at a brisk 
pace with nearly 200 placer sites near 
Dawson City, Mayo, and Burwash under 
production during the season between early 
May and the end of October. In the North- 
west Territories, the small but high-grade 
Salmita Mine of Giant Yellowknife Mines 
Ltd. at Matthew Lake began production. At 
Contwoyto Lake, Echo Bay Mines Ltd. con- 
tinued to bring its new Lupin Mine up to its 
planned capacity of nearly 160,000 ounces 
per year, and Camchib Resources Inc.’s 
Cullaton Lake Mine began commercial pro- 
duction in January. 

Chile.—El Indio Mining Co., the leading 
gold and silver producer, owned by St. Joe 
International Corp. (82.15%), a subsidiary of 
Fluor Corp., and by private Chilean inves- 
tors (17.85%), completed its first full year of 
full-scale production in mid-1983, shipping 
an estimated 24,000 tons of direct shipping 
ore bearing 8.2 ounces of gold per ton to 
smelters in the United States, and concen- 
trates bearing gold, silver, and copper to 
smelters in the United States, Japan, Ger- 
many, and Chile. The mine is east of La 
Serena near the Argentine border at an 
elevation of 13,000 feet. In addition to hav- 
ing large ore reserves at El Indio, the com- 
pany is exploring several nearby depos- 
its containing gold, silver, and copper. Near 
Huasco, 150 miles north of El Indio, St. Joe 
Minerals Corp., Cía Minera Mantos Blancos 
S.A., and Anglo American conducted explo- 
ration and feasibility studies on their El 
Nevado gold, silver, and copper deposit. In 
its company annual report, CRA of Austral- 
ia reported that bulk sampling of alluvial 
gravels at its Rio del Oro Prospect did not 


confirm the grade continuity indicated by 


earlier testing. 

China.—The Government reportedly con- 
tinued to encourage the discovery and de- 
velopment of gold deposits. Several sources 
reported that three major gold mines were 
under development by North American en- 
gineering contractors in the eastern Prov- 
ince of Shandong, utilizing imported tech- 
nology and equipment. Shandong Province 
alone was reported to produce about 475,000 
ounces of gold. Of the 26 mines operating in 
the Province's Yantai Prefecture, 22 report- 
edly were owned and operated by rural 
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collectives. Gold prospectors were estimated 
to be active in over 200 Chinese counties. In 
Zhaoyuan County of Shandong Province, a 
large gold deposit was reported to have been 
discovered in late 1982 by the Number 6 
Geological Team of the Shandong Province 
Bureau of Geology. The find, designated 
*Hedong Gold Mine," was discovered in an 
area known locally as “The Home of Gold" 
In a related 1982 development, a peasant 
in Heilongjiang, the northeastern-most 
Province, found a 107-ounce gold nugget— 
China's largest ever; 29-ounce and 48-ounce 
nuggets were also reported to have been 
found in Changsha and Shaanxi Provinces, 
respectively, during 1983. According to sev- 
eral sources, five bucketline dredges, three 
recently imported and two of older Chinese 
manufacture, were operating on placer de- 
posits in Heilongjiang Province. In addition 
to news of gold developments in Shandong 
and Heilongjiang during 1983, reports of 
gold mining activities also covered seven 
additional Provinces. The cities of Beijing, 
Shanghai, and Tianjin were reported to 
have recovered about 4,500 ounces of gold 
and about 1 million ounces of silver from 
various collected waste materials. A new 
technique was reported to have been devel- 
oped that improved the recovery of gold and 
silver from anode mud generated at a Yun- 
nan copper smelter. Developers of the tech- 
nique received an award from the Chinese 
Ministry of Metallurgy." 

Costa Rica.—Near Esperanza, Kappes, 
Cassiday and Associates, of Reno, NV, oper- 
ators of the Santa Clara gold mine, installed 
a continuous-drum agglomerator, which 
produced a substantial increase in gold 
recovery from the clayey, gold-bearing sap- 
rolite being mined there. Heap leaching of 
the ore using the agglomeration technique 
entails binding finer ore particles together 
with a weak portland cement additive. The 
property owners, United Hearne Resources 
Ltd. of New York and Vancouver, British 
Columbia, Canada, expected that over 700 
ounces of gold would be recovered per 
month utilizing the agglomeration tech- 
nique, which reportedly raised the overall 
gold recovery rate to over 75%. In April, at 
Pueblo Nuevo, about 40 miles southeast of 


. San Juan, Starmark Resources Ltd. began a 


l-year drilling and sampling program aim- 
ed at assessing ore reserves thought to 
exceed 3.5 million tons grading 18% copper, 
18 ounces per ton of silver, and 0.09 ounce 
per ton of gold. 

Dominican Republic.—In early 1983, the 
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Government announced a new mining poli- 
cy intended to stimulate private sector in- 
vestment in mineral development; the Di- 
rectorate General of Mining retained basic 
responsibility for identification, develop- 
ment, and control of the country's mineral 
resources. Gold production at the Pueblo 
Viejo gold and silver mine, administered by 
the Government, declined somewhat from 
that of 1982 to 348,065 ounces. Reserves of 
oxide ore were expected to be exhausted in 5 
years at present rates of production, so 
studies were underway to develop a suitable 
process for recovering gold and silver from 
the, as yet unexploited, reserves of sulfide 
ore. The new $5 million gold refinery at the 
mine was completed and ready to operate in 
mid-1983; however, its use was postponed, 
apparently for economic reasons. The Gov- 
ernment had several precious metals explo- 


ration projects underway throughout the 


country, including an offshore survey for 
favorable placer gold environments by the 
U.S. Geological Survey. 

Fiji.—WMC of Australia, entered into a 
joint venture with Emperor Gold Mining 
Co. Ltd. and assumed operation and man- 
agement of the Emperor Mine at Vatukoula 
on the northern end of the main island of 
Viti Levu. The company also acquired a 
50% interest in a separate venture with 
Emperor to explore for gold near Vatukou- 
la. 

France.—The results of a completed mod- 
ernization plan at France's oldest gold 
producer, the Salsigne Mine near Carcas- 
sonne, the startup of a new gold mine, the 
Bourneix Mine, in the Province of Haute 
Vienne, both in 1982, and the attainment of 
full-capacity production at both operations 
during 1983 were reflected in France's mine 
production for those 2 years. Recent explo- 
ration for gold by the state-owned Com- 
pagnie Frangaise de Mines, which also owns 
shares in these two gold mines, resulted in 
the discovery of new gold deposits near the 
Bourneix Mine. ` | 

India.—Except for a small quantity of 
gold recovered as a byproduct of copper 
mining by Hindustan Copper Ltd., the en- 
tire gold production of India came from the 
Government-owned Bharat Gold Mines Ltd. 
(BGML) and the Karnataka State Govern- 
ment-owned Hutti Gold Mines Co. Ltd. Dur- 
ing 1983, BGML, which operates mines in 
the Kolar Goldfield of the State of Andhra 
Pradesh, contended with drought condi- 
tions, labor unrest in July and October, 
disruption in the power supply, and a fur- 
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ther decline in the grade of gold ore mined. 
At the present level of production, proven 
gold reserves of both the Kolar and the 
Hutti Goldfields will last for another 15 to 
18 years. To supplement these depleting 


reserves, the Geological Survey of India, in 


collaboration with the Mineral Exploration 
Corp., conducted exploration in favorable 
areas of both goldfields. Other exploration 
conducted by Government agencies discov- 
ered significant gold mineralization in the 
States of Andhra Pradesh, Karnataka, and 
Kerala, and gold mines were under develop- 
ment in the Chittoor and Anantapur Dis- 
tricts of Andhra Pradesh. Smuggling of gold 
into India, intensified by high Indian prices, 
continued to be a problem. 

Japan.—Mitsui Mining & Smelting Co. 
Ltd. announced the discovery of a new gold 
deposit, of undetermined size, on the south- 
ern island of Kyushu, near the town of 
Hishikari, in Kogashima Prefecture. Pre- 
liminary drilling at the prospect, which is 
located near a similar discovery made in 
1982 by Sumitomo Metal Mining Co. Ltd., 
indicated gold values ranging as high as 3.7 
ounces per ton. At its nearby deposit, Sumi- 
tomo planned to begin gold production as 
early as the fall of 1984. About 90% of 
Japan’s reported primary gold production 
was derived as a byproduct from imported 
ores and concentrates, mostly copper. 

Mali.—A contract to explore and develop 


lode and placer deposits in the Kalana 


region in the southwest was signed between 
the Malian Government and a U.S. firm, 
World Mining and Development Co. Inc. 
The concession area is near the Kalana 
gold mine where the state-owned Société 
Nationale de Recherches Miniéres mines 
gold, with technical assistance from the 
Soviet Union. 

Papua New Guinea.—In the North Solo- 
mons Province, the largest gold producer, 
Bougainville Copper Ltd., produced 578,778 
ounces of byproduct gold, up slightly from 
production reported in 1982. This large open 
pit copper mine is at Panguna in the high- 
lands of north-central Bougainville Island. 
On the mainland, near the border with 
Indonesia, Ok Tedi Mining Ltd., a consor- 
tium of international mining companies 
and the Government, proceeded with con- 
struction of the gold processing plant, town- 
site, and other facilities needed to bring the 
new $1.8 billion Ok Tedi gold-copper mine 
into production. Despite delays resulting 
from landslides and drought, production 
was expected to begin at this remote mine- 
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site in early 1984. The first year’s output 
from the gold-rich cap was expected to 
amount to about 850,000 ounces of unrefin- 
ed gold and silver doré. At Wau, in the 
Province of North-East New Guinea, New 
Guinea Goldfields, a 50-50 joint venture 


between Consolidated Gold Fields PLC and 


Renison Goldfields Consolidated Ltd., pro- 
duced a small quantity of gold and silver 
and completed a major assessment of its 
limited reserves of low-grade ore. 

At the Porgera joint venture near Mount 
Hagen in the Central Highlands, Placer 
(PNG) Pty. Ltd., a subsidiary of Placer 
Development, reported that limited drilling 
over a length of over 1,600 feet had indicat- 
ed an average undiluted gold grade of 0.23 
ounce per ton. The geological reserves for 
the entire Porgera deposit were calculated 
to be 65 million tons containing, on average, 
0.10 ounce of gold and 0.42 ounce of silver 
per ton. Further drilling was planned for 
1984. At Misima Island, southeast of the 
mainland, a program of trenching, channel 
sampling, and drilling was carried out by 
Placer and its equal partner, CRA Explora- 
tion Pty. Ltd. Old underground workings on 
the property were reopened and sampled to 
test an extension of mineralization, which 
was expected to produce additional reserves 
of average-grade mineralization. Prelimi- 
nary estimates of Misima Island reserves 
were 38.6 million tons bearing 0.042 ounce 
per ton of gold and 0.48 ounce per ton of 
silver. On Lihir Island, north of the island 
of New Ireland, Kennecott Explorations 
(Australia) Ltd. and Niugini Mining Ltd., of 
Australia, in a joint venture, 88% owned by 
Kennecott, explored a low-grade gold depos- 
it. Drilling indicated significant intervals of 
near-surface gold mineralization. 

Philippines.—Several copper-gold mining 
operations were idle during the year, but 
the largest copper-gold producers, Philex 
Mining Corp., Benguet Corp., and Atlas 
Consolidated Mining Development Corp., 
continued to recover gold in conjunction 
with their copper operations. Several 
copper-gold mines that began production in 
1982 attained full byproduct gold produc- 
tion during 1983. As in recent years, explo- 
ration for new gold deposits was pursued by 
both domestic and foreign corporations as 
well as by individual prospectors. Renison 
Goldfields, an Australian subsidiary of Con- 
solidated Gold Fields PLC., in a joint ven- 
ture with Tirad Minerals Inc., a Philippine 
company, began drilling and exploration of 
a copper and gold prospect in Guinaoang, 
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Mankayan, in Benguet Province, Luzon. 
Several areas of the island continued in the 
grip of a classic gold rush, and in one area, 
southwest of Manila, to where an estimated 
7,000 gold seekers had rushed, a gold mine 
tunnel reportedly collapsed, trapping 70 
persons and killing 13 others. 

Saudi Arabia.—At Mahd adh Dhahab, 
170 miles northeast of Jeddah, Gold Fields 
Mahd adh Dhahab Ltd. was granted a 
contract by General Petroleum and Mineral 
Organization (Petromin), the state-owned 
mining company, to commence prepara- 
tions for starting up the Mahd adh Dhahab 
gold mine. The mine, which was officially 
opened on April 30, 1983, was developed 
around a group of gold deposits that have 
been mined on-and-off for over 3,000 years 
and that are known collectively as The 
Cradle of Gold. The 400-ton-per-day oper- 
ation was expected to yield about 100,000 
ounces of gold per year starting in late 1985 
or early 1986; silver, copper, and zinc were 
also expected to be produced during the 
estimated 10-year lifespan of the deposit. In 
the extreme south of the Kingdom, in the 
region bordering Yemen (Sanaa), also an 
ancient center of gold mining, studies were 
underway at gold prospects at Jabal Guyan 
and Al Masane. The Al Masane deposit, 
which has been explored and evaluated by 
the Arabian Shield Development Co. and 
Petromin, was under study for possible 
development. 

In early 1983, the Governments of Saudi 
Arabia and the Sudan had under consider- 
ation a proposal for a pilot plant for mining 
and processing metalliferous muds from the 
bottom of the Atlantis II Deep, a fault zone 
in the Red Sea. The targeted zone, which 
lies at a depth of 2,000 to 6,600 feet below 
sea level, may yield muds containing gold, 
silver, copper, lead, and cadmium. A gold 
price in excess of $450 per ounce would 
reportedly be necessary to make a recovery 
effort economically feasible; also, successful 
pilot plant tests of both metal recovery and 
environmentally acceptable mining proc- 
esses would be required. 

South Africa, Republic of.—Inflation, ris- 
ing mining costs, relatively stagnant gold 
prices, and a severe prolonged drought com- 
bined to make 1983 a year of reduced 
expectations for South African gold mines. 
The cyclical economic downturn, which be- 
gan in late 1981 and continued through 
1982, deepened in 1983. Despite these nega- 
tive events, many of the major South Afri- 
can gold mining houses continued to invest 
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heavily in capital expenditures aimed at 
prolonging the life of operations, as well as 
enhancing productive capacities. In his bud- 
get address for 1983, the South African 
Director of Finance announced plans to 
reduce the State assistance program in 
which marginal gold mines can receive 
substantial aid from the Government. Since 
its inception 16 years ago, this aid had 
allowed some marginal mines, which might 
have otherwise been forced to close, to 
remain in production. In a move aimed at 
reducing the problems associated with the 
wide fluctuations that occur in the ex- 
change value of the South African rand 
versus the U.S. dollar, the South African 
Reserve Bank began, on September 5, pay- 
ing the country’s gold mines in U.S. dollars 
rather than in rands for their bullion out- 
put. This change may allow some mines to 
participate in more currency trading and 
thereby increase their financial flexibility 
and enhance their earnings potential. To 
reduce their vulnerability to gold price 
fluctuations and stabilize their revenues, 
many gold producers again sold a portion of 
their production on various international 
futures markets. 

The 34 mines and 1 metallurgical recov- 
ery operation that were members of the 
Chamber of Mines accounted for 97.7% of 
all South African gold production. The total 
ore milled, including ore milled by produc- 
ers of byproduct and coproduct uranium, 
amounted to 110.1 million tons, averaging 
0.22 ounce of gold per ton; in 1982, 104.7 
million tons, averaging 0.20 ounce per ton 
was milled. Working costs for South African 
gold mines in 1983 averaged, in South 
African rands (R),* R238.88 (US$214.77) per 
ounce and ranged from R131.07 (US$117.84) 
per ounce at East Driefontein to R459.26 
(US$445.29) per ounce at East Rand Pty. 
Ltd. Production by the six major mining 
groups was as follows, in million ounces: 
Anglo American of South Africa Ltd., 7.9; 
Gold Fields of South Africa Ltd., 4.4; Gener- 
al Mining Union Corp. Ltd. (Gencor), 3.6; 
Rand Mines Ltd., 2.2; Johannesburg Con- 
solidated Investment Co. Ltd., 1.5; and 
Anglo-Transvaal Consolidated Investment 
Co. Ltd., 1.2. 

The largest producing mines, in million 
ounces of gold output, were Vaal Reefs, 2.6; 
Driefontien Consolidated, 2.4; Western 
Holdings, 1.3; Western Deep Levels, 1.3; and 
Harmony, 1.0. Estimates of fully developed 
or blocked-out gold ore reserves reported by 
the Chamber of Mines at the close of 1983 
totaled 594 million tons, containing, on 
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average, about 0.30 ounce of gold per ton. 

In the Orange Free State, Gencor brought 
its $410 million Beatrix Mine one step 
closer toward its scheduled startup in early 
1984. The new mine was expected to pro- 
duce about 2.2 million tons of gold ore per 
year, from which nearly 400,000 ounces of 
metal was to be recovered. At the mill of 
Gencor's St. Helena Mine, a new 300,000- 
ton-per-month carbon-in-pulp and pyrite 
flotation plant was commissioned in early 
1983. These improvements were expected to 
increase the productive capacity and effi- 
ciency of both the St. Helena and Unisel 
Mines. Exploration for new gold deposits or 
for extensions to known producing horizons 
continued throughout the country. An in- 
tensive exploration and drilling program, 
begun some 5 years earlier by Gold Fields of 
South Africa, west of its Kloof Mine, con- 
tinued; other mining companies were also 
showing an interest in this area, which lies 
west of Johannesburg, in the Potchefstroom 
region of Transvaal, and extends toward 
Fochville on the Far West Rand. In March, 
Rand Mines announced that the company 
planned to prospect for gold and other 
minerals under the southern suburbs of 
Johannesburg. 

Sudan.—The gold potential of the Sudan 
has received an increasing amount of atten- 
tion over the past few years. Many ancient 
gold mines, some dating back to Pharaonic 
times, are scattered throughout the hills 
and lowlands bordering the Red Sea as well 
as along the Nile River Valley. In March, 
limited small-scale mining and gold produc- 
tion was begun by a joint-venture team 
comprised of the state-owned Sudanese 
Mining Corp. and the U.S. company Minex 
Corp. at gold deposits near Gebeit in the 
Red Sea Hills. Toward yearend, Greenwich 
Resources of Canada, through its United 
Kingdom-based Minex Developments PLC, 
began diamond drilling at its gold prospects 
at Gabotilo, also near the Red Sea. A 
Belgian-Sudanese joint venture explored for 
placer gold near Kapoeta in south Sudan. 

U.S.S.R.—Net exports of gold from the 
centrally planned economy countries to the 
market economy countries were estimated 
to have been about 3 million ounces in 1983, 
down from the nearly 7 million and 9 
million net ounces during 1982 and 1981, 
respectively. 

Gold nuggets of varying size and purity 
and of Soviet origin were reported to be 
available for sale to Westerners at the 
Soviet Union’s Wozchod Bank in Zurich, 
Switzerland. 
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TECHNOLOGY 


The Bureau of Mines continued to publish 
results of research conducted to improve 
methods of recovering gold from primary 
and secondary sources. A method to remove 
cyanide and heavy metals from mineral 
processing waste waters was developed, by 
which hydrogen peroxide and sodium thio- 
sulfate are added to cyanide-bearing waste 
water to convert the cyanide to nontoxic 
thiocyanate.” The Bureau developed a new 
approach to the economic recovery of gold 
and silver from scrapped electronic equip- 
ment by utilizing a mechanical processing 
system adapted from current mineral proc- 
essing technology. The Bureau operated a 
pilot plant at feed rates of up to 500 pounds 
per hour of scrap composed of obsolete 
military electronic gear, concentrating into 
marketable “fractions” the metals present 
in the electronic units.'^ Electronic scrap 
concentrates generated in the mechanical 
processing system referenced above were 
subjected to various hydrometallurgical 
processes to separate and remove the base 
metal fraction of the scrap and thereby 
produce a high-grade end product bearing 
essentially all of the contained precious 
metal values. The Bureau presented in- 
formation on five commercial gold min- 
ing operations that have benefited from 
the Bureau-developed agglomeration heap- 
leaching technology for extracting gold and 
silver from primary ore. The operations 
described represent a cross section of cur- 
rent state-of-the-art heap-leaching prac- 
tice.!? 

A study by U.S. Geological Survey scien- 
tists of placer gold deposits in Alaska sug- 
gested that under certain optimum chemi- 
cal and physical conditions, bacteria pres- 
ent at the deposit site may be instrumental 


in bringing about deposition of gold from 


gold-bearing waters draining or percolating 
through near-surface channels or fractures. 
The theory of bacterial participation in the 
development of some placer gold deposits 
helps to explain the common observation 
that some placer deposits can reconstitute 
themselves 20 or 30 years following min- 
ing.'® Observations of this phenomenon 


have been made over the years in such 
diverse environments as Minas Gerais, Bra- 
zil, and in permafrost regions such as in the 
Brooks Range of Alaska. 

A new type of electrical contact brush 
was patented for use in high-performance 
devices. The brush, which exhibits charac- 
teristics greatly superior to brushes avail- 
able until now, consists of gold fibers finer 
than a human hair bunched or bundled 
together and protruding from a solid ma- 
trix, such as copper.!* 

The Gold Bulletin, a quarterly journal of 
the International Gold Corp. Ltd., contained 
a variety of articles and abstracts of patents 
on new or improved gold uses and tech- 
nology.! Articles dealing with various his- 
torical aspects of gold technology were also 
presented. 


1Physical scientist, Division of Nonferrous Metals. 

ce means troy ounce. 

3Short tons. 

*For price and availability, contact the Alaska Depart- 
ment of Natural Resources, Division of Geological and 
Geophysical Surveys, Box 80007, College, AK 99708. 

5Leonard, B. F., and J. A. Erdman. Preliminary Report 
on Geology, Geochemical Exploration, and Biogeochemical 
Exploration of the Red Mountain Stockwork, Yellow Pine 
District, Valley County, Idaho. U.S. Geol. Surv. OFR 83- 
151, 1983, 52 pp. 

*DuBoulay, L. Gold 1984. Consolidated Gold Fields PLC, 
London, May 1984, 59 pp. 

"Wang Shixin. Yunnan Smelting Plant and Kunming 
Metallurgical Research Institute Develop a New Tech- 
nique to Treat Copper Anode Mud. Yunnan Ribao, Kun- 
ming, Feb. 19, 1983, p. 1 (Chinese). 

8Values have been converted from South African rands 
(R) to U.S. dollars at the rate of R1.00 = US$0.8991 for 1983, 
as veda in Int. Financial Stat., v. 37, No. 4, Apr. 1984, 
p. 400. 

9Schiller, J. E. Removal of Cyanide and Metals From 
Mineral Processing Waste Waters. BuMines RI 8836, 1983, 


8 pp. 

Dunning, B. W., Jr., F. Ambrose, and H. V. Makar. 
Distribution and Analyses of Gold and Silver in Mechani- 
a sie Mixed Electronic Scrap. BuMines RI 8788, 

; 14 pp. 

Hilliard, H. E., B. W. Punning, Jr., and H. V. Makar. 
Hydrometallurgical Treatment of Electronic Scrap Con- 
centrates Containing Precious Metals. BuMines 8757, 
1983, 15 pp. 

12McClelland, G. E., D. L. Pool, and J. A. Eisele. 
Agglomeration-Heap Leachi Operations i in the Precious 
Metals Industry. BuMines IC 8945, 1983, 16 pp. 

13Watterson, J. R., J. C. Antweiler, and W. I. Campbell. 
U.S. Geol. Surv., Denver, CO. Paper entitled Bug Nuggets, 
presented at 6th Int. Symp. on Environ. Biogeochemistry, 

ta Fe, NM, Oct. 10-14, 1983. 

14Wilsdorf, D., H. G. F. Wilsdorf, and C. M. Adkins 
(assigned to The University of Vi ia). An Electric 
Brush. US Pat. 4,415,635, Nov. 15, 1983. 

I5International Gold Corp. Ltd. Gold Bulletin. Marshall- 
Vo Republic of South Africa, v. 16, Nos. 1-4, 1983, 

pp. 
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Graphite 


By Harold A. Taylor, Jr. 


Apparent consumption of natural graph- 
ite decreased 20% in 1983 to 34,000 short 
tons. An amorphous graphite was mined 
domestically for the second consecutive 
year. All natural graphites, including crys- 
talline flake, were in more than adequate 
supply as demand by industrial users lagged 
behind economic recovery. Prices of some 


kinds of imported graphites rose while oth- 
ers dropped. 

Production of manufactured graphite in- 
creased 7% to 228,000 tons valued at $558 
million. Production of graphite fibers in- 
creased 13% to 927 tons valued at $48 
million. 


Table 1.—Salient natural graphite statistics 


1979 1980 1981 1982 1988 
United States: 
Production ed Ne e SO See short tons. . W " a 
Apparent consumption? -______._._._ do. --- 77,562 52,488 254,315 242,815 234,151 
EXDOT WEE a 8,623 8,880 11,344 10,335 9,485 
vallé cuu nex ss thousands_ — $3,741 $3,695 $4,488 $4,099 $8,455 
Importa f for consumption ------ short tons. - 86,185 61,318 265,659 253,150 243,586 . 
Kee thousands. . $13,035 $15,765 2319,098  2$15,676 2811, 921 
World: Production e short tons. — 1690,5 668,457 P646,674 *645, 833 
*Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 


1Excludes domestic production, which was relatively small. 


2Data do not include artificial graphite. 


Domestic Data Coverage.—Domestic pro- 
duction data for synthetic graphite were 
developed by the Bureau of Mines from a 
voluntary survey of domestic producers, 
titled “Synthetic Graphite.” Of the 39 oper- 
ations to which a survey request was sent, 
95% responded, representing 100% of the 


total production data shown in table 4. 
Production for the two nonrespondents was 
believed to be small and was not included. 
Legislation and Government Pro- 
grams.—No acquisitions or disposals of stra- 
tegic graphite occurred during the year. 


Table 2.—U.S. Government stockpile goals and yearend stocks of natural graphite 
in 1983, by type 
(Short tons) 

National 

Type Goal stockpile 

inventory 

Madagascar crystalline flake ___.______________~-__~_~~_____~~~______- 20,000 17,891 
Sri Lanka amorphous lump - 2222 LLL LLL LL Ll c2 l2 22222222 6,300 5,443 
Crystalline, other than Madagascar and Sri Lanka - — - - -- -----------------———- 2,800 1,933 
Nonstockpile-grade, all types - - - -- - - - - - - -- - - -- --------—-------------—- M 935 


Source: General Services Administration. Inventory of Stockpile Materials as of Dec. 31, 1983. 
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DOMESTIC PRODUCTION 


United Minerals Co. again produced siz- 
able amounts of low-grade amorphous gra- 
phitic material on an intermittent basis by 
open pit mining from the claims of National 
Minerals Corp. near Townsend, MT. Graph- 
ite Sales Inc. marketed the material, which 
averaged 25% fixed carbon and was sold to 
a variety of users, mostly steel-related. The 
material was not beneficiated before sale, 
but merely dried, crushed and sized. There 
is enough minable material to last indefi- 
nitely; reserves were estimated by the firm 
to be over 2 million tons. 

Output of manufactured graphite increas- 
ed 7% to about 228,000 tons, at 37 plants, 
with a likelihood of some unreported pro- 
duction for in-house use. - 

Production of all kinds of graphite fiber 
and cloth increased 18% to 927 tons. 

Wickes Co. announced the sale of the 
Engineered Materials Div., its metallurgical 
product line including graphite, to McClain 
Corp., a closely held firm located in Wood- 
stock, IL. The sale was approved by the U.S. 
Bankruptcy Court. Wickes retained its Gra- 
phitar product line of carbon-graphite 
parts, although it too was for sale. 

Great Lakes Carbon Corp. announced 
plans to build a 400-ton-per-year capacity 
"Fortafil" graphite fiber plant in Roane 
County, TN. The plant, scheduled to go on- 
stream in June 1984, was designed to readi- 
ly accommodate significant additional ca- 
pacity. The same process that had been 
developed and used at the company’s Eliz- 
abethton facility, and based on polyacrylo- 
nitrile as raw material, was being used in 


the new plant. 

Courtaulds Ltd. formed a joint venture 
with Dexter Corp. of Windsor Locks, CT, 
to produce and market graphite fiber. 
Courtaulds would contribute its polyacry- 
lonitrile precursor and graphite fiber pro- 
duction facilities in the United Kingdom 
and Dexter would contribute its resins busi- 
ness, technology, and marketing expertise 
to the venture, which was to be titled Hysol 
Grafil. A new 165-ton-per-year capacity 
aerospace-grade graphite fiber plant was 
scheduled to go on-stream in the United 
States in late 1984. Hysol Grafil would 
become the world's first vertically inte- 
grated producer of graphite fiber compos- 
ites, manufacturing the fiber, the resin, and 
composites, tailored to fit customers needs. 

The U.S. Department of Energy issued 
the results of its second study of the Nar- 
ragansett Basin  anthracite-amorphous 
graphite resources, this time emphasizing 
the mining aspects. In the Portsmouth, RI, 
area, 24 anthracite-amorphous graphite 
seams were discovered ranging from 2 to 12 
feet thick with an average of 5.6 feet. The 
seams are part of a complex northeast- 
trending, southerly plunging fold. The ash 
content ranged from 14% to 56%, most of it 
quartz, and was probably removable by 
washing. The most feasible method of min- 
ing the deposits would be open pit because 
the incompetency of the roof and floor rock 
would make underground mining difficult. 
Some of the material is suitable for use as 
graphite and some as fuels.? 


Table 3.—Principal producers of manufactured graphite in 1983 


Company 


"uro Carbon, a division of Airco Inc_ _ _ — 


Plant location ` 


Niagara Falls, NY 
Punxsutawney, PA 


Product? 


Anodes, electrodes, crucibles, motor 
brushes, refractories, unmachined 


DU IR LEE tr St. Marys, PA. shapes, powder. 
Avco Corp., Avco Specialty Materials Div_ Lowell, MA __________ High-modulus fibers. 
E Carborundum Co., Graphite Products Sanborn, NY _________ EE unmachined shapes, 
iv. cloth. 
Celanese A i ie Ennn SEN SC EDAD E ) High-modulus fibers. 
Fiber Materials Inc - ____________-_ Biddeford, ME ` High-modulus fibers and cloth. 
Fiber Technology Corp... Provo, UT __________~_ hes 
BF Goodrich Co., Engineered Systems Div., Santa Fe Springs, CA ____ Other. 
Super Temp Operation. 
Great Lakes Carbon COM EE Elizabethton, TN _______ 
| Ove Sax See a Ne OR ar ee Ae E iE Morganton, NC _______~_ Anodes, electrodes, powder, crucibles, 
DU its er a ee ee Niagara Falls, NY ______ cathodes, high-modulus fibers, 
BEE Tk AR EEN unmachined shapes, other, 
RE Rosamond, CA ________ wder. 
Hercules Inc ------------------ Salt Lake City, UT ______ High-modulus fibers. 
HITCO Materials Group, ARMCO Inc _ ` _ Gardena, CA__________ 


Pfizer Minerals, Pigments & Metals Div _ 
Ohio Carbon Co 


See footnote at end of table. 


Cloth and high-modulus fibers. 
PPM Other. 
Motor brushes, unmachined shapes, 
other. 
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Table 3.—Principal producers of manufactured graphite in 1983 —Continued 


Company 


Polycarbon Inc_________________ 
Sigri Carbon Corp______________~ 
Ne oa Corp, Carbon Div______ 


Ultra Carbon Corp _____________~- 
Union Carbide Corp... 


Plant location 


North Hollywood, CA |... 
Hickman, KY _________ 
Lowell, MA |... ...... 1 
St. Marys, PA _________ 
Chicago, IL___________ 
Hopkinsville, KY _______ | 
Bay City, MI__________ 
Clarksburg, WV________ 
Clarksville, TN ________ 
Columbia, TN _________ 
Fostoria, OH__________ 
Greenville, SC_________ 
Niagara Falls, NY ______ 
Yabucoa, PR ` 


Product? 


Cloth. 

Electrodes and other. 

High-modulus fibers, anodes, motor 
brushes, unmachined shapes. 


Powder and other. 
Other. 


Anodes, electrodes, unmachined shapes, 
motor brushes, powder, cloth, 
high-modulus fibers, other. 


1Cloth includes low-modulus fibers; electric motor brushes include machined shapes; crucibles include vessels. 


Table 4.—U.S. production of manufactured graphite, by use 


1982 1983 

Use Quantity Value Quantity Value 

(short (thou- (short (thou- 

tons) sands) tons) sands) 

Synthetic graphite products: 
Anodes Ae lur apg ig dh tas et Lac Ed ee 8,147 $15,379 4,178 $11,311 
Cathodes EE W W W W 
Cloth and fibers (low-modulus) |... 212 17,706 188 14,217 
Crucibles, vessels, refractories __________________~- W W W W 
Refractories —— 5 EE Ee W W W W 
Electric motor brushes and machined shapes -_________ W W W W 
Electrodes: i oe e ee eL rc me C 138,960 358,186 153,142 310,450 
Graphite articles ______.._~>________~_~__________ uS 29,894 "A 35,481 
High-modulus fibers _________________- ~_______ "605 730,091 739 33,854 
Unmachined graphite shapes- ~~ 14,346 41,991 10,691 50,422 
ETO Lu or Se re Le re ee 31,584 59,411 28,636 29,712 
Total- e e onc eee NA cei ee er. "193,854 552,658 198,174 545,447 
Synthetic graphite powder and scrap _________________ 19,645 8,196 29,487 1,312 
Grand total tee eben met mE "213,499 "560,854 227,661 552,819 
"Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” 
Table 5.—U.S. production of graphite fibers 
Cloth and ; 
lowancdulus Bbers High-modulus fibers Total 
Year 
Quantity —— Value Quantity — Value Quantity — value 
tons) (thousands) tons) (thousands) tons) (thousands) 

DOS und tec pie ene LA 102 $6,300 46 $4,750 148 $11,050 
Ku NCC NA 153 9,400 48 4,675 201 14,075 
EE oe es on Ss st EC 154 10,600 52 4,690 206 15,290 
¡AAA 163 11,376 37 3,870 200 15,246 
¡AAA A A 136 8,800 49 4,330 185 13,130 
EE EE 141 8,720 149 11,804 290 20,524 
TOTU ee ee ee 169 10,089 194 13,031 363 23,120 
19802 nee on so eie due 169 11,254 306 17,379 475 28,633 
Ee 216 15,293 409 21,759 625 37,052 
1982 2 Se Seago ans Eege 212 17,706 "605 730,091 7817 47,797 
EI ER 188 14,217 739 33,854 927 48,071 
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CONSUMPTION AND USES 


Apparent consumption of natural graph- ary uses of natural graphite—refractories, 
ite, excluding domestic production, decreas- foundries, and steelmaking—accounted for 
ed 20% to 34,000 tons. Reported consump- 53% of reported consumption. The reported 
tion of natural graphite decreased 6% to use of amorphous graphite in steelmaking 
about 36,000 tons. The three major custom- decreased 73% to 2,571 tons. 


Table 6.—U.S. consumption of natural graphite, by use 


Crystalline Amorphous? Total? 
Quantity Value Quantity Value Quantity Value 
(short tons) 


(thousands) (shorttons) (thousands) (shorttons) (thousands) 


Batteries ----.-.-.--.--...-- 
Brake linings ..........- 
Carbon products? _______.__ 


Crucibles, retorts, stoppers, 


sleeves, nozzles -.._.....- 
Foundrieg? _- 


Rubber ...------------ 


Batteries -----ooo-o--- 
Brake linings ..........- 
Carbon products? ________ 


Crucibles, retorts, stoppers, 


sleeves, nozzles... 
Foundriest___________.__ 
Lubricants$____________ 
Pencils _______________ 
Powdered metals ________—_ 
Refractories |... _ 
Rubber _______________ 
Steelmaking ____________ 
Other _______________ 
Withheld uses _________ 


11,277 


W W W 1,669 $2,920 
$869 1,860 $1,381 2,680 2, 
378 561 501 762 879 
2,470 ge Sé 2,625 2,470 
191 4,401 "1,811 "4,608 "2,002 

"1,155 "2,909 "1,525 3,311 "2,880 
1,850 801 187 1,687 2,087 
459 150 800 463 759 

W W W 7,667 2,119 
187 120 65 266 252 
189 9,368 2,709 9,656 2,848 

"1,122 "1,157 894 "2,976 "1,816 
1,041 8,771 3,998 a a 

"9,861 728908 — "18,171 "88,204 "23,082 

W W W 2,021 8,099 
928. 2,871 2,006 8,858 2,984 
675 349 517 760 1,192 

1,807 - 1,984 1,807 
630 6,791 2,518 7,223 3,148 
1,657 2,203 1,266 3,595 2,923 
2,014 298 164 1,745 2,178 
636 172 337 622 3 

W W 8,902 3,650 
324 101 72 361 396 
127 2,011 121 2,841 854 

1,080 1,549 1,159 2,660 2,239 
2,784 8,397 4,565 = TM 

12,162 24,802 13,331 36,079 25,493 


"Revised. W Withheld to avoid disclosing company proprietary data; included with “Withheld uses.” 
1Includes mixtures of natural and manufactured graphite. 

?Data may not add to totals shown because of independent rounding. 

3Includes bearings and carbon brushes. 


*Includes foundry facings. 
5Includes ammunition, packings, and seed coating. 


SIncludes paints and polishes, antiknock and other compounds, soldering and/or weld, electrical and electronic 
products, mechanical products, magnetic tape, and small packages. 
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PRICES 


Because graphite prices were often nego- 
tiated between the buyer and seller, pub- 
lished price quotations have been given as a 
range. Another source of price information 
has been average customs unit values for 
imported graphites, mainly unprocessed 
material. 

Average prices of natural graphite im- 
ports displayed no clear trend. Prices for 
crystalline flake graphite dropped 16% to 
$550 per ton. Prices for Mexican amorphous 
graphite rose slightly to $56 per ton. Aver- 
age prices for all types of Sri Lankan lump 
graphite dropped 23% to $1,158 per ton. 


Prices for other natural imported graphite 
(mostly fine crystalline flake and dust) rose 
9% from $518 (revised) to $564 per ton. 

Union Carbide Corp. announced price 
increases for its “Thornel” pitch-based fi- 
bers, effective June 1, 1983: P25 4k, from 
$17 to $26 per pound; P50 1k, from $150 to 
$350 per pound; P55 2k, from $27.50 to $55 
per pound; P55 4k, from $18 to $36 per 
pound; and P75 2k, from $170 to $225 per 
pound. The reason cited was that the sales 
volume necessary for low-cost production 
was not attained. 


Table 7.—Representative yearend graphite prices! 
(Per short ton) 


TIMER Ang crystalline graphite, bags: 


na 
Germany, Federal Republic of... --.-- 
Madagascar... - - - - - - - - - - ---- -~-= ---- 


Amorphous, nonflake, cryptocrystalline graphite (80% to 85% carbon): 


Korea, Republic of (Dag8) -----ocooococoocooo.. 
Mexico (bulk) doe nd PM a a CES 


1F.o.b. foreign port or border. 


1982 1988 
See See ere ae $272-81,542 64-81,542 
ma uis cL t 918- 2,722 18- 8,175 
co E Duo 49- 726 221- 644 
RR - 816 181. 686 
ee 544- 1,814 499- 1,867 
——— 82- 109 82- 109 
e 77- 109 64- 91 


Source: Engineering and Mining Journal. V. 184, No. 12, Dec. 1983, p. 21. 


FOREIGN TRADE 


Exports of both natural and artificial 
graphite decreased. Exports to.Canada and 
Venezuela decreased significantly. Exports 
of natural graphite to the Federal Republic 
of Germany increased significantly. 

Imports of natural graphite decreased 
18% to 43,586 tons. Shipments from Mexico, 
the largest supplier by volume, decreased 
significantly, 29%, to 22,124 tons. This was 
partially replaced by increased imports of 
amorphous graphite from China, Hong 
Kong, and Taiwan. The total tonnage of 


imported crystalline flake graphite, the 
largest category by value, decreased 35% by 
tonnage, mainly because of decreased ship- 
ments from Brazil and Madagascar. 

Exports of graphite electrodes totaled 
49,158 tons valued at $79.6 million, of which 
6,269 tons ($10.3 million) went to Venezuela; 
7,975 tons ($16.7 million) to Argentina; 
4,353 tons ($7.4 million) to Brazil; 3,594 tons 
($6.9 million) to Canada; and the balance, 
to other destinations. 
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Table 8.—U.S. exports of natural and artificial graphite, by country 


Natural? Artificial Total 
Count Quantity Quantity Quantity 
id (short Value (short Value (short Value 
tons) tons) tons) ` 
1982: 

Canada -—-———----------— 5,284 $1,605,612 1,465 $237,284 6,749 $1,842,896 
Germany, Federal Republic of _ _ 254 167,653 630 249, 142 884 416,795 
CHEN 76 31,156 53 21, 564 129 58,720 
JADAN o Er es 490 448,907 481 592,525 971 1,041,432 
Mexico _______________ _ 1,080 374,829 |. 841 145,537 1,427 520,366 

Netherlands... - 12 3,629 5 5,093 17 : 
United Kingdom __________ 386 208,950 208 148,491 594 357,441 
Venezuela ______________ 1,723 631,109 42 27,361 1,765 658,470 
Other... os oe 1,030 . 626, 902 2,416 1,077,739 3,446 1 704, 641 
Total _____________ 10,335 4,098,747 5,647 2,510,736 15,982 6,609,483 

1983: 

Canada________________ 3,848 1,203,364 1,103 374,076 4,951 1,577,440 
rege Federal Republic of _ _ 2,339 651,463 142 52,298 2,481 703,761 
AA hl a so 27,873 59 38,934 142 66,807 
KC, ej. acc a ae 239 225,916 577 425,096 816 651,012 
Mexico ________________ 961 399,436 114 46,904 1,075 446,340 
Netherlands_____________ - 84 4,973 186 95,736 220 100,709 
United Kingdom __________ 453 166,110 123 133,003 576 299,113 
Venezuela |... 348 235,845 35 37,912 383 273,757 
Other Ate 1,130 539,869 2,177 893,334 3,307 1,433,203 
Total tome 9,435. 9,454,849 4,516 2,097,293 13,951 5,552,142 


1 Amorphous, crystalline flake, lump or chip, and natural, not elsewhere classified. 


Table 9.—U.S. imports for consumption of natural graphite, by country 


] Other natural 
Crystalline Lump or crude and Amorph 1 
: rphous Total 
flake chippy dust refined 
Count 
"n tity, Value pire Value pe Value ey Value Qiy Value 
thou- thou- thou- thou- thou- 
er sands) ORE sands) puse sands eich sands) a san 
198) oa See T10,687 "$6,853 1,471 $2,220 15,374 $8,228 38,127 $1,792 265,659 2$19,093 
1982: 
Australia _________ _ "E EN ES ER (3) 1 RN See (3) 1 
Austria |. _ s E a) E 9 5 9 5 
Brazil |... _ 3,794 2,918 SEN Age 1,033 677 EN Be 4,827 3,595 
Canada __________~_ 2 Za A 6 Bes EM 218 
Chirià-5 s 4,003 2,243 = Ss 5,470 2,153 Uu S 9,473 4,396 
Denmark __________ = e Se MT (3) (3) eit nm (3) (3) 
Finland ____~_~_____ _— ES Gas SC Pe 18 10 TE ee 18 10 
France 55 23 ae E 46 30 Se GES 101 53 
Germany, Federal 
Republic of- ------- 109 202 E za 814 682 E sr 923 884 
Hong Kong --------. zs ee SÉ Ge 551 210 n RN 551 210 
India —— ee 211 130 40 41 161 161 a, EH 412 332 
ltály eege Ge Se e 1 3 Da ae 1 3 
Japan ____________ 130 125 ur 3s 69 156 EAM c 199 281 
Madagascar . 2,461 1,412 zu SA 1,229 579 ae -` 8,696 1,991 
Mexico __________~— me re Lis a 949 716 30,340 1,640 31,289 2,356 
Netherlands `. = a <a Se Ete 10 8 S mu 10 8 
Norway - ---------- a oe EES SE 72 44 HS Ner 72 44 
South Africa, Republic of NS P NE et 233 99 ree: See | 233 99 
Sri Lanka- . _ =e SE 727 1,099 = ier x T 721 1,099 
Sweden ___________ E = MOR Ll 63 135 M 2a 63 135 
Switzerland ________ m Sc? Se Ee (3) 1 E SR (3) 1 
Taiwan |... .....- c Lack a8 = 151 9] NE mu 151 91 
United Kingdom_ _ _ _ _ — Ll "M Pm "um (3) 1 as ae (3) 1 
Zimbabwe ... ....- ene e GE DM 116 49 mds E 116 49 
Total! `. 10,771 7,056 767 1,140 11,263 5,835 30,349 1,645 753,150 715,676 
1983: 
Argentina_________~— — M T Sa 58 24 m a 58 24 
Austria ___________ "m e dn De EN 2z 11 3 11 3 
Belgium-Luxembourg ` — 1 1 a ee Y "M M ae 1 1 
Brazil ___________~_ 1,642 1,196 tat E 1,447 830 EN Ee 3,089 2,026 
Canada . 7 7 sde? E 953 623 ees b 960 630 


See footnotes at end of table. 
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Table 9.—U.S. imports for consumption of natural graphite, by country —Continued 


Other natural 
Crystalline Lump or 1 
p crude and Amorphous Total 
flake chippy dust refined 
Count ias oie. aad a MOR a... UMEN UL oe 
37 ee Value Quan- Value Quan- Value Quan Value Quan- Value 
Y, (thou. It (thou- Aly (thou- ¿MY (thou. ¿LY (thou- 
(short (short (short (short (short 
tons) sands) tons) sands) ions) sands) tons) sands) tons) sands) 
1983 —Continued 
CHING: geed ete 3,684 $1,740 ET SSC 3,311 $1,393 3,152 $200 10,147 $3,333 
Gambia |... ers = = a 6 ES? Eë 5 
France — MA = E 617 358 meals See 617 358 
Germany, Federal 
Republic of____-____ (3) 1 EN ae 838 856 ge iS 838 857 
Hong Kong _________ et s ana = c Hen 230 12 230 12 
India- sta to 116 58 Se et 100 71 a 216 129 
Italy eee a al p "M" NM M (3) 3 "e nae (3) 3 
Japan ____________ "e SCH m MS 79 38 » M 79 38 
Korea, Republic ot _ _ _ — Kaes Pe" — SE s m 20 3 20 3 
Madagascar ________ 1,486 796 =e Gs 1,667 836 = = 3,153 1,632 
Malaysia |... 4 31 =e GE m M "S s 40 31 
Mexico ___________ x Sa oe ER 380 265 21,744 1,211 22,124 1,476 
Netherlands ________ Wë " ae n T 4 nia ae 7 4 
Norway ___________ A es SE SN 56 16 et. ING 56 16 
South Africa, Republic of "m = = Sc 419 242 S me 419 242 
Sri Lenka `, "ME m 751 $870 re EN M ae 751 870 
Sweden ___________ See NOE cs ES 8 19 a Gem 8 19 
Switzerland `. Se a m SE 2 4 aes EM 2 4 
Taiwan ___________ 58 36 We Së » BH 520 45 578 81 
United Kingdom. -- - _ — Ke Se ae SS 40 64 nds FS 40 64 
Zimbabwe__________ MA zx Sei e 137 59 a bye 137 59 
Total tdi aio 7,034 3,866 751 870 10,124 5,711 25,677 1,474 43,586 11,921 
"Revised. 


1Data may not add to TN shown because of independent rounding. 
2Data do not include artificial graphite. - 


3Less than 1/2 unit. 


Table 10.—U.S. imports for consumption of artificial graphite and graphite electrodes, by 


country 
Artificial graphite 
Country Quantity Value 
(short ons) (thousands) 
1982: 

AustrAaliB-—— iria o i de (1) $3 
CMA La tau UE 718 233 
ANA ee Be O 618 217 
TA Yd Federal Republicof... 22 137 
PEE aai UC TEN NO AM RIZ UM 286 1,997 
Merit n n eodera euer e AA Aria Ee (1) (1) 
Netherlands. .. ooo 23 58 
MIRO DONC _—------------------—-----—-———-— 19 29 
Switzerland ____________________________ 1,653 2,360 

United Kingdom ______~___________________ (1) 
Lë oun nos UE. cuu ce unti Ern zs 
Total E 23,341 5,036 

1983: 
STE EE (1) 25 
A OE S Sem Ite A URP IL Lice i zo 1 
Belgium EA he a ot es a D es 8 36 
Canada. cial ee ss DEED rS 1,214 292 
Chha ose Um a reri 198 259 
France e omo A oe o RAN EN AO 2 7 
Germany, Federal Republic of ____________-_____ 57 324 
EE 231 1,592 
Ne etherlands EE 40 56 
Singapore EE 76 86 
e LEE 15 33 
ne Kang Ee 3,308 E 
ni EEN 
ONO EE EE Se ao 
d Ke EE 5,142 28.128 
1Less than 1/2 unit. 


2Data do not add to total shown because of independent rounding. 


Graphite electrodes 
Quantity 

(short tons) thousands) 
3,518 $2,129 
730 048 
3,100 3.187 
3,686 4,174 
18,462 39,405 
806 1,250 
30,362 51,193 
746 816 
50 81 
2.915 4,203 
2.416 3.187 
23,113 43,124 
4,887 5,029 
34,127 57,040 


420 


MINERALS YEARBOOK, 1983 


WORLD PRODUCTION 


World supplies of graphite were generally 
sufficient to meet demand. A number of 
new plants and expansions were announced 
for graphite fiber. 

Australia.—Conzinc Riotinto of Australia 
Ltd., 58% owned by Rio Tinto Zinc Ltd., a 
major international mining conglomerate, 
was investigating a graphite deposit at Mik- 
kira, in the State of South Australia. Labo- 
ratory tests showed a marketable product 
could be produced. 

France.—Construction work on a graph- 
ite fiber plant, a joint venture of Hercules 
Inc. and Pechiney Ugine Kuhlmann, was 
stopped because of a low demand for the 
product. The plant structure had been com- 
pleted but no equipment was installed. 

The joint venture of Toray Industries Inc. 
and Société Nationale Elf Aquitaine se- 
lected a site at Abidos, near Lacq in south- 
west France, to construct a graphite fiber 
plant. | | 

India.—Most graphite produced in India 
was the finer crystalline flake and its co- 
product crystalline dust (functionally amor- 
phous). Some lump graphite was sporadical- 
ly produced, and some Sonoran-type amor- 
phous graphite may have been produced. 
About 68% of the graphite was mined in 
Orissa State, and most of the balance in 
Bihar State. Most of the mines were small 
and shallow and used hand labor. The few 
beneficiation plants used simple processing 
technology. 

Much of the graphite was consumed 
domestically, principally in the foundry, 
pencilmaking, steel, and refractory crucible 
industries. Tamil Nadu Minerals Ltd. re- 
ported opening a large mine, to be followed 
by a beneficiation plant expected to come 
on-stream in 1984.3 

Japan.—Mitsubishi Chemical Corp. an- 
nounced plans to build a 1,100-ton-per-year 
graphite fiber plant at an undisclosed loca- 
tion in Japan. The plant would utilize new 
technology to produce a pitch-based fiber at 
less than one-half the cost of producing 
state-of-the-art fibers made from polyacry- 
lonitrile. The plant, scheduled to come on- 
stream in 1984, was expected to market its 
fibers to the aerospace and automobile in- 
dustries. 

Kenya.—A dry beneficiation process uti- 
lizing air classification and pneumatic 
tabling followed by flotation was being de- 
veloped for use at graphite mines in arid 


parts of Kenya by the Association of Geo- 
scientists for International Development- 
Network for Small Scale Mining, an infor- 
mal nongovernmental group linking gov- 
ernment, academic, and the private sector. 
Madagascar.—Société Minière de la 
Grand Ile, one of the two major Madagascan 
producers of crystalline flake graphite, was 
expected to expand its graphite production 
when the recently acquired Sahanavo Mine 


. begins to produce. It also acquired $500,000 


worth of mining equipment from a Swedish 
contractor that had completed its project in 
Madagascar. Other producers had idle 
equipment because of a lack of spare parts. 
Open pit mining was hindered by an 
unusual number of floods and cyclones. 
Improvements in Government fiscal and 
investment policies and a new Chinese-built 
road from the port of Tamatave to the 
interior made additional investment to ex- 
pand graphite production more feasible. 

Romania.—For the first time in many 
years, information was published in a prom- 
inent western journal on Romanian graph- 
ite. Graphite occurs in the geological unit 
called the Autochthonous Crystalline in the 
South Carpathian Mountains, near Baia de | 
Fier and Polovragi. The graphite occurs in 
lens-shaped graphite schist bodies conform- 
ably intercalated between gneisses, mica 
schists, and carbonatic rocks. The graphite 
found in the schists runs from crystalline 
dust to fine crystalline flake and ranges 
from 26% to 42% carbon. It has been re- 
covered from both underground and open 
pit mines and beneficiated by flotation to 
obtain a concentrate containing at least 
70% carbon. Further processing has yielded 
concentrates containing over 80% carbon. 
Research was underway to obtain a concen- 
trate containing over 90% carbon.‘ 

South Africa, Republic of.—Kobar Min- 
ing (Pty.) Ltd. discovered an amorphous 
graphite deposit at Mtubatuba, 30 miles 
from Richards Bay. Reserves of 22 million 
tons were proven by drilling. The company 
planned to begin producing an unbenefici- 
ated amorphous graphite product averaging 
63.5% carbon and 30% ash by the latter 
part of 1984. The product was to be crushed 
to a range of minus l-inch to dust and sold 
to various refiners and manufacturers as a 
raw feedstock. The company planned to 
erect a beneficiation plant if there was 
sufficient demand. The beneficiated product 
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would average 85% carbon and 10% ash. 
Some associated low-volatile anthracite was 
expected to also be recoverable.’ 

Sri Lanka.—All graphite was recovered 
by the State Mining and Mineral Develop- 
ment Corp. (SMMDC) from two under- 
ground mines. Bogala, the larger, and 
Kahatagaha-Kolongaha, were both located 
northeast of the capital city of Colombo. 
The lump graphite was beneficiated by 
hand sorting, although some graphite was 
recovered from mine waste by flotation at 
Bogala. 

An Asian Development Bank project to 
expand lump graphite mining was delayed 
because Sri Lanka lacked the funds to 
finance its portion of the project. Small 
miners were encouraged to open abandoned 
workings, with SMMDC handling sales and 
providing technical advice. À private sector 
plant to convert up to 1,300 tons per year of 
lump graphite into flake was being set up. 
SMMDC was looking for foreign associates 
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to set up graphite product plants that would 
ship to overseas markets. A small graphite 
crucible plant, owned by the Ceylon Ceram- 
ic Corp., served only local markets.* 

Sudan.—For the first time, the existence 
of a graphite mine in the Sudan was made 
known. The Sudanese Mining Corp. of 
Khartoum owns a 1,100-ton-per-year capaci- 
ty graphite and mica mine in the Shereik 
area through its Mica Project subsidiary. 

United Kingdom.—Courtaulds announc- 
ed plans to expand the capacity of its 
graphite fibers plant near Coventry by fall 
1983 from 220 to 385 tons per year at a cost 
of $4.6 million. Part of the cost was covered 
by a Government grant under the Industry 
Act of 1972. Courtaulds planned to market a 
sizable part of its output in the United 
States through a joint venture with Dexter 
Corp. Courtaulds was a large producer of 
the polyacrylonitrile precursor used in the 
plant. 


Table 11.—Graphite: World production, by country! 


(Short tons) 
Country” 1979 1980 1981 1982P 1983* 

Argentinas se Sane Leet unt cess ee 11 6 2 13 14 
Austra o ek er ea 44,664 40,454 26,243 26,953 27,560 
Brazil (marketable?________________ 11,979 23,473 19,289 16,990 22,000 
Burma” -` __------------------—-— 295 482 1,568 308 330 
China laa ao ci O ise "201,000 176,000 "203,000 7204,000 204,000 
Czechoslovakia? _____________-__-- 49,600 49,600 49,600 49,600 49,600 
Germany, Federal Republic of _________ 4,047 6,270 9,024 12,845 13,000 
India (mine? _________ 58,225 60,391 62,004 57,735 38,600 
A A a ios ee eS 4,522 4,362 3,897 3,538 3,700 
Korea, North? __________________- 28,000 28,000 28,000 28,000 28,000 

Korea, Republic of: 
Amorphous ___________~_--_-~--- 59,789 65,209 37,533 29,033 33,100 
Crystalline flake ___________-__~_~- 2,704 1,575 928 691 880 
Madagascar - - ------------------- 15,699 13,506 14,698 16,925 714,934 

Mexico: 

Amorphous -----------------—- 56,086 "49,059 45,351 37,886 37,500 
Crystaline flake _____________._-.__ eg 384 1,270 1,989 1,650 
Norway Li asa ee ee 18,109 11,471 9,552 8,200 78,885 
Romania- ---------------------- 13,670 13,800 €13,800 €13,800 13,900 
South Africa, Republic of. 434 =n Sos am — 
Sri KH cce ud d UR E 10,364 8,591 8,348 9,704 8,800 
NËT, e WEE SC 2,286 1,984 694 880 
Turkey. sets a li E NA NA NA 3,704 3,700 
USSR mtu aa et 110,000 110,000 115,000 115,000 120,000 
United States- - - -—---------------—- e 2 W W 
Zimbabwe. -------------------—- 6,324 8,141 12,366 9,066 14,300 
ge E "690,522 "673,060 663,457 646,674 - 645,333 
*Estimated. Preliminary. "Revised. NA Not available. W Withheld to avoid disclosing company proprietary 


ata. 
1Table includes data available through May 23, 1984. 


2In addition to the countries listed, Namibia may have produced graphite during the period covered by this table, but 
output is unreported, and available general information is inadequate for formulation of reliable estimates of output 


levels. 


3Does not include the following quantities sold directly without beneficiation, in short tons: 1979—93,840; 1980—6,600; 


1981— 17,988; 1982—6,758; 1983—not available. ` 
¿Data are for fiscal year beginning Apr. 1 of that stated. 
Data 


resented represent estimated marketable product derived from raw graphite mined indigenously, assuming 


that marketable output equals one-half of officially reported raw graphite production. 
6Indian marketable production is about 30% of mine production. 


7 Reported figure. 
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RK Technologies Ltd., formerly RK Tex- 
tiles, built and brought on-stream a 220-ton- 
per-year capacity graphite fiber plant near 
Inverness, Scotland. The location was cho- 


sen because of a Government investment. 


grant covering 35% of the construction cost. 
The plant was expected to be brought up to 
full capacity over several years to serve 
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demand for a cheaper, lower quality fiber 
suitable for certain automotive, sporting 
goods, and industrial markets. Some aero- 
space-grade graphite fiber was also ex- 
pected to be made. About 80% of the output 
was to be exported; much of it to the United 
States. 


TECHNOLOGY 


Three major new technologies were an- 
nounced, two of which have the potential of 
increasing the long-term demand for graph- 
ite fiber and one of which could greatly 
decrease the long-term demand for graphite 
electrodes. At present, processes for manu- 
facturing graphite fiber are expensive, and 
also require use of expensive raw materials. 
Further, the methods of fabrication of 
graphite fiber composite parts are complex, 
requiring extensive use of hand labor, and 
are not easily automated. A relatively sim- 
ple manufacturing process for producing 
graphite fiber using natural gas as a raw 
material and a simple fabrication process 
that gives better graphite fiber composite 
parts by weaving the fiber are both major 
new developments in graphite fiber technol- 
ogy. The electric arc furnace now has a full- 
scale competitor that does not use graphite 
electrodes, the plasma arc furnace. 

General Motors Research Laboratories 
discovered a method for growing graphite 
fibers by pyrolysis of natural gas. The dis- 
covery came about during an experiment to 
determine the speed that carbon diffuses 
through stainless steel. The experimental 
apparatus continuously introduced carbon 
in the form of natural gas to the inside 
surface of a steel tube while simultaneously 
extracting carbon from the outside surface 
of the tube. After running the experiment 
for some hours during one trial, graphite 
fibers were discovered inside the tube. Fiber 
growth began as tiny hollow filaments 
about 0.1 micrometer in diameter. Even 
though the phenomenon was studied exten- 
sively, the fiber growth mechanism remain- 
ed unknown. However, most of the fila- 
ments contained a metal or metal carbide 
particle that apparently catalyzed growth. 
The particle itself appeared to form at or be 
released from the inner surface of the steel 
tube through a type of high-temperature 
surface erosion called metal dusting corro- 
sion. This process could be of great commer- 
cial significance if it could be developed into 
an inexpensive full-scale operation. Com- 
mercially important processes for making 


graphite fiber utilize expensive textile 
threads such as polyacrylonitrile, rayon, or 
cheaper but more impure pitch that can 
cause imperfections in the graphite fiber. 
Another new process reported last year 
involves heating benzene to a high tempera- 
ture to deposit carbon on a metal catalyst 
in strands that are then heat treated and 
graphitized. 

A new process called Magnaweave that 
weaves graphite fiber into multidimension- 
al reinforcements was announced. Unlike 
the prepreg in common use with significant 
tensile strength only in the fiber direction, 
the Magnaweave reinforcement has signifi- 
cant tensile strength in all three directions. 
Therefore, the graphite fiber composites 
made with Magnaweave cannot delaminate 
and are much less limited in the torsion or 
shear stress modes. The working principle 
of Magnaweave involves weaving the graph- 
ite fiber with no sudden directional changes 
of the sort that would prevent the weaving 
of a stiff fiber such as graphite fiber; the 
process forms a braid of graphite fiber. 
Magnaswirl, the circular counterpart of 
Magnaweave, makes reinforcements for 
parts such as pipe, cylinders, and domes. 
The processes can be used to produce low- 
cost, high-performance composites simply 
and rapidly. Cost savings result from a 
reduced need for labor, eliminating the 
layup step in prepregging, and being able to 
make the reinforcement at high speed.’ 

Plasma arc steel furnaces that do not use 
graphite electrodes have been developed. 
Several small units were in use in steel 
production in Europe, and Voest-Alpine AG 
was studying it for full-scale production at 
its Linz, Austria, steelworks. The plasma 
furnace is an electric arc furnace in which 
the graphite electrodes are replaced by 
water-cooled metallic electrodes that are 
only slightly consumed. The conventional 
electric arc is replaced by a plasma arc. The 
advantages of the plasma furnace are mini- 
mal electrode consumption, higher yield of 
steel because of an inert gas atmosphere 
and the ability to melt with a minimum of 
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slag, a lower noise level, and less dust and 
waste gas generated. The plasma arc fur- 
nace also has advantages when applied to 
ferroalloy production, instead of the electric 
arc furnace, because any fines used as feed 
do not have to be agglomerated and higher 
product quality is obtained. If plasma arc 
furnaces replaced the conventional arc fur- 
nace on a broad scale, consumption of 
graphite electrodes would drop drastically.® 

Use of graphite fiber composites in liquid 
rocket engines could result in a significant 
weight reduction and therefore improved 
payload capabilities and better engine 
thrust to weight ratios. The types of engines 
studied were earth-to-orbit hydrocarbon en- 
gines and orbit-to-orbit LOX/H; engines. 
Graphite fiber composites could be used 
directly for some components, and addition- 
al research could lead to the use of addition- 
al components.? 

The impact strength of a graphite fiber 
composite was improved by coating the 
fiber surface with a rubber. The elastomeric 
particles were made into lattices and de- 
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posited ionically on surface-treated graphite 
fiber in order to obtain a surface containing 
discrete rubber particles. Elastomer flow 
and filament agglomeration during drying 
caused some trouble.!* 


1Physical scientist, Division of Industrial Minerals. 

?Skehan, J. W., G. E. Gill, J. D. Raben, N. Schapiro, and 
D. P. Murray. Exploration of Coal and Anthracitic Carbo- 
naceous Shale urces, Narragansett Basin, MA, and 
RI. Final Report, Oct. 1, 1979-Apr. 30, 1981. Weston 
Observatory, MA, May 1981, 81 pp; NTIS DE 82018223. 

3Clarke, G. M. The Industrial Minerals of India. Ind. 
Miner. (London), No. 191, Aug. 1983, pp. 34-35. 

*Avramescu, C., I. Calugaru, and M. Angelescu. The 
Industrial Minerals of Romania. Ind. Miner. (London), No. 
186, Mar. 1983, p. 35. 

*Industrial Minerals (London). A New Graphite Deposit 
at Mtubatuba. No. 192, Sept. 1983, p. 17. 

Clark, G. Sri Lanka's Industrial Minerals. Ind. Miner. 
(London), No. 193, Oct. 1983, pp. 61, 65-66. 

7Wehrenberg, R. H. Composites Get Stronger With 3-D 
Reinforcement. Mater. Eng, v. 97, No. 1, Jan. 1983, 


5Metal Bulletin Monthly. Voest-Alpine's Plasma Plant. 
No. 150, June 1983, pp. 45-49. 

?Heubner, S. W. Composite Material Application for 
Liquid Rocket Engines. kwell Int., Canoga Park, CA, 
Dec. 1982, 145 pp.; NTIS N83-16382/4. 

10Paul, J. T., and G. A. Buntin. Graphite Fiber Surface 
Treatment to Improve Impact Strength and Fracture 
Resistance in Su uent Composites. Hercules Inc., Wil- 
mington, DE, Dec. 1982, 43 pp.; S N83-16392/3. 


Digitized by Google 


Gypsum 


By J. W. Pressler! 


The gypsum industry, spurred by lower 
interest rates and released pent-up demand 
for housing, with 1.7 million public and 
private housing unit starts in 1983, ended 
the year with record shipments of gypsum 
wallboard, 16.8 billion square feet, an in- 
crease of 28%. Output of crude gypsum and 
calcined gypsum also increased. Sales of 
gypsum products increased 26% to 21.8 
million short tons valued at $1.6 billion. 
Imports of crude gypsum increased 20% to 8 


million tons. Total value of gypsum product 
exports increased 9% to $32.1 million. 
Domestic Data Coverage.—Domestic pro- 
duction data for gypsum are developed by 
the Bureau of Mines from a survey of U.S. 
gypsum operations. Of the 134 operations to 
which an annual survey request was sent, 
99% responded, representing 99% of the 
total production shown in tables 1 and 2. 
Production for nonrespondents was esti- 
mated using prior year production data. 


Table 1.—Salient gypsum statistics 
(Thousand short tons and thousand dollars) 


United States: 


Active mines and plants? _____________ 


Imports for consumption ____.____________ — 
Byproduct gypsum sales ----------------- 


Calcined: 
Pr 


Value... Ee 

Products sold (value) EE 
Exports (value). - - - --------------------——- 
Imports for consumption (value) --- ----------—-- 
World: Production. - - - - -- -----------------——- 


Estimated. Preliminary. "Revised. 


1982 


1979 1980 1981 1983 

113 114 113 109 111 
14,630 12,376 11,497 10,538 12, 

$99,868 $103,059 $98,101 $89,131 $101,361 
7,773 7,8365 7,593 6,718 8,031 
828 663 696 697 760 
14,543 11,848 11,687 11,243 13,902 
$442,157 $270,824 $243,140 $196,488 $270,136 
$1,391,993 $1,241,949 $1,196,236 $1,121,775 $1,605,605 
$22,388 27,222 5,434 $29,550 $32,088 
$65,079 51,880 51,720 $53,646 7,880 
"88,589 86,530 desata P78,970 85,824 


1Each mine, calcining plant, or combination mine and plant is counted as one establishment; includes plants that sold 


byproduct gypsum. 


DOMESTIC PRODUCTION 


The United States remained the world’s 
leading producer of gypsum, accounting for 
1596 of the total world output. 

Forty-two companies mined crude gyp- 
sum at 69 mines in 22 States. Production 
increased 22%. Leading producing States 
were Texas, Iowa, Oklahoma, California, 
Michigan, and Indiana. These six States 
produced more than 1 million tons each and 
together accounted for 65% of total domes- 
tic production. Stocks of crude ore at mines 


and plants at yearend were 3 million tons. 
Leading companies were United States 
Gypsum Co., 12 mines; National Gypsum 
Co., mines; Georgia-Pacific Corp., 6 mines; 
Celotex Corp. (a subsidiary of Jim Walter 
Corp.) and Genstar Building Materials Co., 
3 mines each; and Weyerhaeuser Co., 1 
mine. These 6 companies, operating 32 
mines, produced 80% of the total crude 


gypsum. 
Leading individual mines were United 
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States Gypsum’s Plaster City Mine, Imperi- 
al County, CA; United States Gypsum’s 
Sweetwater Mine, Nolan County, TX; Unit- 
ed States Gypsum’s Shoals Mine, Martin 
County, IN; United States Gypsum’s Ala- 
baster Mine, Iosco County, MI; Georgia- 


Pacifics Acme Mine, Hardeman County, 


TX; Weyerhaeuser's Briar Mine, Howard 
County, AR; National Gypsum's Sun City 
Mine, Barber County, KS; National Gyp- 
sum's Shoals Mine, Martin County, IN; 
United States Gypsum's Southard Mine, 
Blaine County, OK; and United States Gyp- 
sum's Fort Dodge Mine, Webster County, 
IA. These 10 mines accounted for 44% of the 
national total. Average output per mine for 
the 69 U.S. mines increased 24% to 186,700 
tons. 

Fourteen companies calcined gypsum at 
70 plants in 30 States, principally for the 
manufacture of gypsum wallboard and plas- 
ter. Calcine output increased 24% in ton- 
nage and 37% in value. Leading States were 
Texas, California, Iowa, and Florida. These 
4 States, with 20 plants, accounted for 37% 
of the national output. 

Leading companies were United States 
Gypsum, 22 plants; National Gypsum, 18 
plants; Georgia-Pacific, 9 plants; Genstar, 5 
plants; and Celotex, 4 plants. These 5 com- 
panies, operating 58 plants, accounted for 
85% of the national output. 

Leading individual plants were United 
States Gypsum’s Plaster City plant, Imperi- 
al County, CA; United States Gypsum’s 
Sweetwater plant, Nolan County, TX; 
United States Gypsum’s Jacksonville plant, 
Duval County, FL; Weyerhaeuser’s Briar 
plant, Howard County, AR; Georgia- 
Pacific's Acme plant, Hardeman County, 
TX; United States Gypsum’s Shoals plant, 
Martin County, IN; National Gypsum’s 
Tampa plant, Hillsborough County, FL; 
United States Gypsum’s Stony Point plant, 
Rockland County, NY; National Gypsum’s 
Schoals plant, Martin County, IN; and Na- 
tional Gypsum’s Medicine Lodge plant, Bar- 
ber County, KS. These 10 plants accounted 
for 30% of the national production. Average 
calcine production for the 70 U.S. plants 
was 198,600 tons, a 22% increase. 

The following companies sold a total of 
760,000 tons of byproduct gypsum, valued at 
$7.1 million, principally for agricultural 
use, but some for gypsum wallboard manu- 
facturing: Allied Chemical Corp. and J. R. 
Simplot Co., both in California; Occidental 
Petroleum Corp. in Florida; American Cy- 


MINERALS YEARBOOK, 1983 


anamid Co. in Georgia; Glidden Pigments 
Div. of SCM Corp. in Maryland; and Texas- 
gulf Inc. in North Carolina. Some byproduct 
gypsum was mixed with natural gypsum 
and commercially used in the manufacture 
of wallboard at United States Gypsum’s 
Baltimore, MD, plant using byproduct gyp- 
sum obtained from SCM’s Glidden Pig- 
ments’ plant in Baltimore. 

Owing to increased demand for gypsum 
wallboard, all plants that had been closed in 
1982 were reopened in 1983. The capacity of 
one new gypsum wallboard plant combined 
with the capacities of the reopened plants 
resulted in an 8% increase in domestic 
capacity of operating wallboard plants to 20 
billion square feet. Total wallboard produc- 
tion was 16.8 billion square feet, indicating 
an 84% utilization of operating capacity. 
This was a new record, slightly more than 
that produced in 1979. 

Windsor Gypsum Co. brought its new 
gypsum wallboard plant in McQueeney, TX, 
on-stream in the fourth quarter. Based on 
purchased gypsum rock, it had a capacity of 
500 million square feet of wallboard per 
year. 

Domtar Inc. of Montreal, Canada, had 
purchased the Grand Rapids Mine and wall- 
board plant of Grand Rapids Gypsum Co. 
for $2.7 million in 1981. It remained dor- 
mant until Domtar rehabilitated the under- 
ground mine, and renovated the 120-mil- 
lion-square-foot capacity wallboard plant in 
1983 at a cost of $3.8 million. It was opera- 
tional at yearend. The La Porte County, IN, 
Plan Commission approved a rezoning per- 
mit in September for United States Gypsum 
to operate a gypsum mine and install a 
gypsum wallboard plant in Center Town- 
ship. It was estimated by the company that 
the facilities would be operational in 2 to 3 
years. 

The Hamlim wallboard plant of South- 
west Gypsum Co. in Fisher County, TX, was 
dismantled. 

Reflecting sporadic markets for crude 
gypsum sold for cement or agricultural use, 
several gypsum mines were closed, or re- 
mained closed during the year. Glen C. 
Archer Gypsum Co. in California remained 
closed. Ernest W. Munroe, Joe C. Lackey, 
Colorado Lien Co., and U.S. Soil Condition- 
ing Co., all in Colorado, were dormant. E. J. 
Wilson & Sons’ Lidy Hot Springs Mine in 
Lemhi County, ID, was closed. Raymond 
Schweitzer Gypsum Co.’s Cement Mine in 
Caddo County, OK, and Walton Gypsum 
Co.’s O’Keene Mine in Blaine County, OK, 
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were dormant. 

Western Plains Materials’ McFaddin 
Mine in Woodward County, OK, produced 
mainly gypsum rock from its quarry for 
road construction use, but some was sold for 
use as a cement set retarder. 

Victor Material Co. sold its Amboy Mine 
in San Bernardino County, CA, to CV Or- 
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ganic Fertilizers Co. The ore was used for 
agricultural purposes. 

United States Gypsum reopened the 
Fremont wallboard plant in Alameda Coun- 
ty, CA, which it had previously purchased 
from Genstar. It was scheduled to operate 
on calcine from United States Gypsum’s 
Empire plant in Pershing County, NV. 


Table 2.—Crude gypsum mined in the United States, by State 


1982 1983 

State , uantity ; Quantity 
ae (thousand Terre Se (thousand fea 
short tons) short tons) 
ATIZONG m aee eS 4 175 $1,205 4 265 $1,929 
Arkansas, Kansas, Louisiana_ _ _ _ _ 5 1,085 8,152 5 1,328 8,038 
California ________________ 10 1,088 10,614 10 1,213 10,668 
Colorado, Idaho, Montana, South 

Dakota, Washington... 10 264 2,381 7 349 2,865 
Indiana, New York, Ohio, Virginia _ 5 1,491 12,936 5 1,766 13,699 
TEE 6 1,177 11,345 6 1,612 13,518 
Michigan___~______________ 4 682 5,150 4 1,097 8,104 
Nevada - ooo o 4 656 4,523 4 998 7,896 
New Mexico_______________ 3 198 887 3 169 1,016 
Oklahoma _______________~_ 5 1,254 10,089 6 1,351 11,571 

E EE 7 1,954 16,681 7 2,049 16,357 
¡LA A EA 4 231 2,363 5 305 2,736 
WYOMING ---------------- 3 283 2,805 3 382 2,963 

TOCA dd cs a o 70 10,538 89,131 69 12,884 1101,361 
1Data do not add to total shown because of independent rounding. 
Table 3.—Calcined gypsum produced in the United States, by State 
1982 1983 
State Active uantity Value Active uantity Value 
(thousand (thousand 
plants short tons) (thousands) plants short tons) (thousands) 
Arizona, Colorado, New Mexico, 
NCC A ER 6 513 $7,383 6 588 $11,571 
Arkansas, Illinois, Indiana, Kansas, 

Louisiana, Oklahoma _ _ _ _ _ _ _ — 12 2,226 35,787 12 2,778 49,565 
California --------------—- 7 1,172 22,667 6 1,487 31,561 
Delaware, Maryland, North 

Carolina, Virginia_________~_ 6 1,182 20,857 6 1,326 26,085 
Florida nomm 3 7117 14,231 3 1,004 21,351 
Georgia- - ---------------- 3 539 11,363 3 666 14,574 
TOW Ai a Se ee e a 5 847 13,475 5 1,090 19,752 
Massachusetts, New Hampshire, 

New Jersey, Pennsylvania (1983) _ 4 576 11,399 5 630 13,312 
Michigan_________________ 3 245 3,915 3 335 6,000 
Montana, Washington, Wyoming - _ 5 347 8,997 5 579 14,077 
Nevada- ees Aa 3 499 7,491 3 671 11,398 
New York _______________- 4 840 13,480 4 949 17,556 
Ohio o ci ee et le 3 213 5,128 3 291 6,480 
Tezis o 1.2 cs Sie i eet 5 1,326 20,318 6 1,509 26,852 

Total ee chi s 69 11,243 196,488 70 13,902 270,136 


1Data may not add to totals shown because of independent rounding. 
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Figure 1.—Supply of crude gypsum in the United States. 


CONSUMPTION AND USES 


Apparent consumption, production plus 
net imports plus industry stock changes, of 
crude gypsum increased 26% to 21.8 million 
tons. Net imports provided 36% of the crude 
gypsum consumed. Apparent consumption 
of calcined gypsum increased 24% to 13.8 
million tons. 

Yearend stocks of crude gypsum at mines 
and calcining plants were 3 million tons. Of 
this, 61% was at calcining plants in coastal 
States. | 

Of the total gypsum products sold or used, 
5.5 million tons, 25%, was uncalcined. Of 
the total uncalcined gypsum, 72% was used 
for portland cement and 24% was used in 
agriculture. Leading sales regions for gyp- 
sum used in cement were the South Atlan- 
tic, West South-Central, and Pacific; these 


three regions accounted for 65% of the 
total. For agricultural gypsum, the Pacific 
region accounted for 58% of total sales. 

Of the total calcined gypsum, 96% was 
used for prefabricated products and 4% for 
industrial and building plasters. Of the 
prefabricated products, based upon surface 
square feet, 70% was regular wallboard, 
19% was fire-resistant Type X wallboard, 
5% was 5/16-inch mobile home board, and 
6% was lath, veneer base, sheathing, and 
predecorated wallboard. Of the regular 
wallboard, 83% was 1/2-inch and 11% was 
5/8-inch. The leading sales regions for pre- 
fabricated products were the South Atlan- 
tic, West South-Central, and Pacific and 
accounted for 55% of the total. 
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Table 4.—Gypsum products (made from domestic, imported, and byproduct gypsum) 


sold or used in the United States, by use 
(Thousand short tons and thousand dollars) 


Uncalcined: 


Portland cement --—------------------——-— 
Agriculture’ oda ii pL ANE SE 
Fillers and miscellaneous __________________~_ 


Calcined: 


Industrial plaster _________________-___-__ 


Building plaster: 


Regular base coat ____________________- 


Poured gypsum cement and concrete 


AAA e a a 


1982 1983 
Quantity Value Quantity 

3,067 35,685 3,955 
1,301 16,951 . 1,309 
123 5,768 197 
4,491 58,404 5,461 
358 30,953 388 
187 15,512 158 
51 4,347 46 
66 8,628 83 
25 2,826 25 
(3) 34 9 
329 31,347 321 
12,222 1,001,071 15,673 
12,909 1,063,371 116,381 
17,400 1,121,775 121,843 


1Includes most of 697,201 tons of byproduct gypsum in 1982 and most of 760,116 tons in 1983. 


2Less than 1/2 unit. 


3Includes weight of paper, metal, or other materials, and some byproduct gypsum. 


*Data do not add to total shown because of independent rounding. 


Table 5.—Prefabricated gypsum products sold or used in the United States 


Product 


Lath: 
o IA 
E A A 


Regular gypsumboard: 
E EE 


Total? ` 
Type X gypsumboard _____________ 
Predecorated wallboard ___________ 
5/16-inch mobile home board _ _ _ _ _ _ __ 
Other `——---------—-—-——-————_ 


39,482 
285,045 
265,128 


560,921 
1,946,516 
1,020,294 

21,177 

128,348 


9,077,256 
2,810,491 
161,070 
436,298 
11,131 


13,085,901 


1Includes weight of paper, metal, or other material. 
2Data may not add to totals shown because of independent rounding. 
3Includes 1/4-, 7/16-, and 3/4-inch gypsumboard. 


1982 


12,222 


Value 
(thou- 
sands) 


$3,360 
174 


3,034 
21,299 
25,654 


38,627 
496,846 
83,158 
3,115 
10,148 


631,893 
233,377 
45,400 
37,868 
2,048 


1,001,071 


Thousand 


uare 
eet 


47,530 
99,180 


146,710 
369,019 
338,839 


480,106 
9,695,968 
1,313,854 

53,570 

130,269 


11,673,767 


3,266,579 
112,480 
853,314 

2,380 


16,763,088 


1983 


Thousand 


short 
tons! 


Value 


39,770 
18,284 
9,967 


64,021 
31,558 


34,852 
1,469,174 


1,541,584 
1,605,605 


Value 
(thou- 
sands) 


$4,981 


, 


14,912 
33,784 
38,315 


40,850 
114,993 
127,593 

9,794 

11,744 


964,974 
306,175 
33,920 
16,593 
502 


15,073 1,469,174 
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Figure 2.—Sales of gypsum products, by use. 


ENERGY 


Efficient production scheduling, superior 
insulation, and energy-saving processing 
equipment such as one-step drying and 
calcining continued to approximate the 
same utilization of energy per unit of wall- 
board as in the past few years. Energy 
consumption per thousand square feet of 
gypsum wallboard sales remained virtually 


the same at 2.62 million British thermal 
units. 

As reported by the Gypsum Association, 
fuel sources for the gypsum industry were 
natural gas, 81.6%; electricity, 6%; pro- 
pane, 3%; No. 2 fuel oil, 2.6%; No. 4 and No. 
6 fuel oil, 3%; and coal, 3.8%. 


PRICES 


On an average value per ton basis, crude 
gypsum decreased 7% to $7.87, calcined 
gypsum increased 11% to $19.43, and by- 
product gypsum sold increased 19% to 
$9.39. 

The average value of gypsum products 
sold or used increased 14% to $73.51 per 
ton. Prefabricated products were valued at 
$93.74 per ton, industrial plasters at $96.80 
per ton, building plaster at $108.57 per ton, 
and uncalcined products at $11.72 per ton. 


Quoted prices for gypsum products were 
published monthly in Engineering News- 
Record. Prices in December, based on truck 
lots delivered to the job, showed a wide 
range. Regular 1/2-inch wallboard prices 
ranged from $108 per thousand square feet 
at Los Angeles to $190 at Atlanta. Average 
price in December for 20 cities was $139.20 
per thousand square feet, with some minor 
discounts for prompt payment. 
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FOREIGN TRADE 


The gypsum industry continued to rely on 
imports of crude gypsum rock for a signifi- 
cant fraction, 36%, of apparent consump- 
tion. Imports of crude gypsum, principally 
from Canada, 68%; Mexico, 19%; and Spain, 
12%, increased 20% to 8 million tons. Span- 
ish imports into the South Atlantic Coast 
States increased significantly. Most of the 
imported crude gypsum was mined by sub- 


sidiaries of U.S. companies in Canada and 
Mexico. 

Total value of gypsum and gypsum prod- 
ucts imported was $87.9 million, an increase 
of 64%. Gypsum wallboard imports from 
Canada were 314 million square feet, an 
87% increase. Total value of gypsum prod- 
uct exports to all countries was $32 million, 
a 9% increase. 


Table 6.—U.S. exports of gypsum and gypsum products 
(Thousand short tons and thousand dollars) 


Crude, crushed, Lar 
Year or calcined factures Total 
Quantit Value n.e.c. | Yene 
y (value)! 
KT EE 157 14,590 20,844 35,434 
KEEN 123 13,319 16,231 29,550 
KI E AI A EE 117 13,621 18,467 32,088 


SES gypsum or plaster building boards and lath (TSUSA 245.7000) and articles, n.s.p.f., of plaster of paris (TSUSA 
. ). 


Table 7.—U.S. imports for consumption of gypsum and gypsum products 
(Thousand short tons and thousand dollars) 


Other 
Ground or Alabaster E : 
Year xi calcined "E nufac- bean? facturen bon 
value 
Quantity Value Quantity Value (value) (value) n.s.p.f.? 
(value) 
1981 «im 1,598 39,266 2 339 1,169 8,419 2,527 51,720 
1982 xc 6,718 35,981 2 304 1,120 18,556 2,685 53,646 
1983 _.______ 8,031 56,960 4 305 1,922 26,200 2,492 487,880 


1Includes imports of jet manufactures, which are believed to be negligible. 

2Includes gypsum or plaster building boards and lath (TSUSA 245.7000). 

E of articles, n.s.p.f., of plaster of paris, with or without reinforcement (TSUSA 512.3100, 512.3500, 512.4100, 
an : ). 


*Data do not add to total shown because of independent rounding. 


Table 8.—U.S. imports for consumption of crude gypsum, by country 
(Thousand short tons and thousand dollars) 


A 1982 1983 
untr 
e Quantity Value Quantity Value 
Canada art o tas EE 5,283 28,887 5,476 43,231 
oe tele ed Ee d ee ay E 
AMAICA: E e rhe EE EEN 1 
MBXICO S Lou una uu EE Ee 1,124 4,842 1,563 6,463 
SDAIN IS E EL D Re LT E ene Spee ise 269 1,716 955 6,895 
Other nime s Ei e eI IL E (2) 23 (2) 99 
TO: A a teh, gta 6,718 35,981 8,031 356,960 
1Includes anhydrite. 
2Less than 1/2 unit. 


3Data do not add to total shown because of independent rounding. 
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WORLD REVIEW 


Production of gypsum from small deposits 


mittent and often unreported. Total world 
production figures might be somewhat low 
because, in many countries, significant 
mine production was consumed captively in 
integrated industrial plants producing wall- 
board, plaster, and plaster products, and 
was unreported. 

Australia.—Australia has been a net ex- 
porter of crude gypsum in recent years. Of 
the 2 million tons produced in 1988, an 
estimated 85% was exported, principally as 
a cement set retardant, to Indonesia, New 
Zealand, and Singapore. 

Canada.—Canada was the second leading 
producer of crude gypsum, accounting for 
10% of the world total with shipments of 7.5 
million tons, a 19% increase. United States 
Gypsum merged the gypsum rock and wall- 
board interests of its Canadian Gypsum Co. 
Ltd. subsidiary with Westroc Industries Ltd. 
Westroc was a subsidiary of BPB Industries 
Ltd., of the United Kingdom, which also 
owns British Gypsum Ltd. United States 
Gypsum was to have 70% of the merged 
company, and BPB the balance.? 

Canada exported 5.5 million tons of crude 
gypsum from Nova Scotia and Newfound- 
land to the Atlantic and Gulf Coast States, 
principally to gypsum wallboard plants. 
Canada also exported over 300 million 
square feet of wallboard into the northern 
States, only 9% less than the record year of 
1979. All Canadian gypsum wallboard man- 
ufacturers were members of the Gypsum 
Association in the United States, which 
announced that yearend Canadian wall- 
board capacity was 3.5 billion square feet, a 
2% decrease. 

China.—An estimated 440-million-short- 
ton gypsum deposit had been discovered in 
1982 in Longyao County, Hubei Province, 4 
miles from the Peking-Canton railway. 
Approximately 880,000 tons was consumed 
in 1983 in Hubei by the cement and building 
materials industries. Additional gypsum 
reserves of 200 million tons each were 
discovered in 1983 in Xiangfen County and 
in northern Tibet in. Ngari and Nagqu 
Prefectures.* 

Egypt.—Sinai Manganese Co. had se- 
lected a contractor for construction of a 
330,000-ton-per-year calcining plant at the 
Ras Malaab gypsum mine in the Sinai 
Peninsula. Equipment costs were to be fi- 
nanced by a $10 million U.S. Agency for 


International Development Loan 
in the developing countries has been inter- . 


India.—Rajasthan was the major gypsum 
producing State with about 94% of India's 
production. The balance was accounted for 
by Tamil Nadu State. Over 90% of the 
natural gypsum output was consumed by 
the cement industry, with: small amounts 
used in fertilizers, ceramics, and plaster of 
paris. Five companies operated eleven 
mines in Rajasthan, and 1 company had 
several operations in Tamil Nadu. In addi- 
tion to the natural gypsum production, 
India had substantial production of phos- 
phogypsum, 1.6 million tons, and 800,000. 
tons of marine gypsum, a byproduct of salt 
production. Only 400,000 tons per year of 
phosphogypsum was used as agricultural 
fertilizer and cement, but most of the 
marine gypsum was used in the cement 
industry.’ 

Laos.—The Vietnamese Government has 
assisted the Laos Government in the devel- 
opment and operations of an open pit gyp- 
sum mine at Dong Hen, near Savannakhet. 
Production has been over 190,000 tons for 
the 4-year period 1980-83, principally for 
use as a set retarder in cement.’ 

Pakistan.—The Dera Ghazi Khan Hills in 
Punjab, Pakistan, were estimated to con- 
tain 20 million tons of commercial gypsum. 
A recent survey was completed for the 
Government with a preliminary reconnais- 
sance of gypsum deposits in Sufaid Koh, 
Rakhi Munh, Spintangi, Khewra, Burihkel, 
and Kohat. Sufficient reserves for antici- 
pated market needs was indicated. A $36 
million joint venture, prepared by the 
Punjab Mineral Development Corp. and 
financed by the Asian Development Bank, 
was being solicited from the private sector 
for production of 750,000 tons of gypsum per 
year.® 

Thailand.—Thailand's gypsum produc- 
tion increased 1% to 838,000 tons. Over 
518,000 tons was exported to Southeast 
Asian countries—Indonesia, 32%; Malaysia, 
28%; Taiwan, 21%; and the Philippines, 
Hong Kong, and Singapore, the remaining 
1996 —principally for use as a set retarder ` 
in cement.? 

U.S.S.R.—In order to utilize its extensive 
reserves of gypsum and phosphogypsum, 
the Soviet Union was continuing the con- 
struction of gypsum block manufacturing 
plants to supply building blocks for agricul- 
tural buildings. The first plant was built in 
Krasnoufimsk, Sverdlovsk Oblast', for use 
in the construction of over 1,000 agricul- 
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tural buildings in the Urals. The gypsum  dioactive Waste Executive, the British 
blocks were to replace cement blocks, manu- state-owned nuclear waste agency, was con- 
facture of which requires four times the fuel ducting a safety and feasibility study for the 
cost and twice the labor cost of gypsum disposal of radioactive waste in an unused 


blocks.?° 


Imperial Chemical Industries Ltd.’s anhy- 


United Kingdom.—Nuclear Industry Ra- drite mine in the northeast of England." 


Table 9,—Gypsum: World production, by country’ 


See footnotes at end of table. 


(Thousand short tons) 

Country 1979 1980 1981 1982? 1983* 
Afghanistan `... BS MT is 8 6 
II 210 220 220 220 275 
Angola scott as 2 28 22 722 20 
Argentina .........-.----.------- 648 1,028 789 3667 
Astrea: oue ee RO Een: 1,856 1,448 1,897 *1,907 1 4980 
AA EE EEE 880 919 882 828 
Belgium? oia a as 212 192 170 r 0164 150 
TEE "1 1 1 1 1 
AAA A ee Les 515 601 659 770 
Bulgaria... ----------------------- 341 343 886 414 410 
¡A O 42 84 29 338 
Canada (shipments? ooo... 8,927 78.087 7,744 6,000 8,250 
TG AA A 262 99 75 
Chini ER 4,000 8,700 8,800 8,900 4,000 
Colombia == az e 283 298 331 881 
Cube? see ERO ie PPM 100 184 7148 140 145 
¿AAA 51 48 44 235 
Czechoslovakia... - - - -- ------------- 809 834 845 875 880 
Dominican Republic. 2... 2... rn 22-2... 198 259 225 © *280 280 
TT AS ood neues SE 7 2 2 
EE 877 1,086 1,047 1,026 3795 
El Salvador <a ------------------ 7 5 
A TEE 1 b 6 6 
France? o a rr ate ed ds 6,754 77,155 6,776 6,657 6,600 
German Democratic Republic - ----.-..----.. 397 3 400 
Germany, Federal Republic of (marketable) _ _ _ _ 2,481 2,480 2,122 1,897 2,000 
Greece AAA pence er 5 5 550 
Guatemala a o ise Least 28 87 82 81 80 
Honduras? ooo 25 25 722 r22 25 
Ind)8 nom EMIL IE nime 967 T955 1,045 1,070 21,145 
EE 7,700 7,700 6,600 5,500 6,000 
EE dal io EE A A 180 190 190 190 190 
¡A IA A A 460 421 397 2400 400 
"Israel o a 80 *90 46 47 50 
Taly ooo e d ee 1,630 "1.801 1,702 1,472 1,400 
JAMAICA ER 116 206 207 119 
Japan” 2 a a 6,915 6,730 6,765 7,014 7,800 
I OVO A 0 *50 58 4 245 
Kenya? ___________ E (8) (8) (8) (7) 1 
Korea, Republic off P. 680 700 700 1,000 
n ————— ————— X 22 45 €70 80 
JLebahonc. sco ls S 11 11 10 6 80 
¡A A E uii A "181 "180 180 170 165 
Luxembourg ---------------------—- 1 1 1 (7) (7) 
Mauritania - ---------------------—- 18 13 2 e6 4 
ES e EE 2,228 72,393 2,635 2,057 2,600 
Mongolia” 2. e se TU LE 81 "33 135 35 35 
NIGSPBRUB a ii kt eet Se 40 44 33 222 22 
INT MERE Se 3 e3 3 e3 8 
Pakistan: 2c oncRER Ime 378 626 433 841 3358 
Paraguay ------------------------- e12 13 11 7 
q RE AAA EA ESA T240 309 386 “400 400 
Philippine _______________________ 121 121 122 121 121 
Poland" E EE 1,500 1,430 1,430 11.430 1,430 
POUR is il 265 261 268 300 300 
Romania- - ----------------------—-— 2,061 1,776 €1,800 €1,800 1,800 
Saudi Arabia __ - - -----------------—- 386 00 400 
South Africa, Republic of... 416 499 612 590 2571 
Spall- ee E T5,918 75,815 5,151 5,566 5,500 
TEE 11 11 17 1 17 
Switzerland? ______________________- 17 88 95 90 90 
EE 70 87 88 e90 2428 
Taiwan’ ung zuo Sah a es SL Ri e 3 9 T 2 23 
NEE 10 12 13 €18 13 
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Table 9.—Gypsum: World production, by country’ —Continued 


(Thousand short tons) ~ 
Country 1979 1980 1981 1982P 1983€ 
d WEE 388 454 596 831 2838 
Tünisia tl yr ds es oy Re Le rm 66 83 83 83 95 
OT OV sca ad ee i a eter e aL e e70 80 100 100 283 
LBB EE 6,000 6,000 6,000 6,000 6,000 
United Kingdom? RE EE 3,858 3,800 3,245 3,021 3,400 
United States? ______________________ 14,630 12,376 11,497 10,538 212,884 
Venezuela ces is ts ees 28 129 241 175 190 
Vietnamf _________________________ 15 17 17 r30 30 
Yemen Arab Republic ---------------—- €22 24 24 
Yugoslavia ---------------------——- 626 682 737 105 700 
EE A ae (8) (8) (6) M 
Lambia EE (7) ct e MM NE 
Kid NEE 188,589 186,530 83,948 78,970 85,824 
“Estimated. Preliminary. ‘Revised. 


1Table includes data available through June 27, 1984. 
2Reported figure. 
3Includes anhydrite. 
“Data are for years beginning Apr. 1 of that stated. 


83.) 
SRevised to zero. 
"Less than 1/2 unit. 


*Includes byproduct gypsum. (In the case of Japan, byproduct gypsum was virtually all gypsum consumed during 1979- 


8Series revised to represent sum of (1) mine product sold without beneficiation and (2) output of concentrates. 


?Excludes byproduct gypsum. 


TECHNOLOGY 


Norgips BV of the Netherlands was con- 
structing a $2.2 million pilot plant for the 
production of a-hemihydrate gypsum at the 
Veendam site of Magnesia International 
BV, which planned to utilize byproduct 
gypsum from its magnesia plant. If success- 
ful, Norgips expects to build a 110,000-ton- 
per-year commercial plant by 1985. The 
technology is based on a West German 
patent for the production of a-hemihydrate 
gypsum for use in high-volume markets 
such as fireproof doors and cement for 
chipboard production.'? 

Research testing conducted by the Texas 
Transportation Institute at College Station, 
TX, indicated that large tonnages of by- 
product phosphogypsum and fluorogypsum 
can be used as road base material for as 
little as one-third the cost of crushed lime- 
stone. Comparison of road bases on residen- 
tial streets in La Porte, TX, indicated that 
byproduct base sections performed very 
well. The phosphogypsum was stabilized by 
additions of 15% to 30% of fly ash and 5% 
to 10% of portland cement, followed by 
spreading, rototiling, and  compacting. 
Fluorogypsum stabilization required no ad- 
ditional cementitious materials. Cost sav- 
ings came primarily from lower delivery 
costs.!? | 

The U.S. Bureau of Mines conducted re- 


search at its Tuscaloosa Research Center to 
identify and develop more extensive uses 
for phosphogypsum. Mixtures containing a 
maximum of 50% phosphogypsum, 6% to 
10% lime, and the remainder fly ash had 
aggregate compressive strengths as high as 
4,800 pounds per square inch.'* 


! Physical scientist, Division of Industrial Minerals. 
2Industrial Minerals (London). U.S. Canadian/British 
Gypsum. No. 189, June 1983, p. 11. 
3———. Company News and Mineral Notes. No. 199, 
Apr. 1984, p. 79. 
Company News and Mineral Notes. No. 195, 
Dec. 1983, IT: 
mpany News and Mineral Notes. No. 196, Jan. 


1984, p. 71. 

5U.S. Embassy, Cairo, Egypt. State Dep. Telegram 10074, 
Apr. 1, 1984. 

SClarke, G. M. The Industrial Minerals of India. Ind. 
Miner. (London). No. 191, Aug. 1983, p. 31. 

*Vietiane PASASON (Laos). SRV-Aided Gypsum Mining 
In Savannakhet Described. Jan. 1984, p. 2. 

"Mining Journal (London). Pakistan's Mining Plans. 
V. 301, No. 7,730, Oct. 14, 1983, p. 275. 

3U.S. Embassy, Bangkok, Thailand. State Dep. Airgram 
A-26, Apr. 23, 1984, table 6, p. 2. 

Industrial Minerals (London). Company News and 
Mineral Notes. No. 190, July 1983, p. 72. 
. Company News and Mineral Notes. No. 195, 
Dec 1983, p. 76. 

2_____ Test Plant for Alpha-Gypsum. No. 186, Mar. 
1983, pp. 11-12. 
13Engineering News-Record. Road Use for Waste By- 

Products? V. 211, No. 20, Nov. 17, 1983, pp. 13-14. 

l4May, A., J. S. Sweeney, and J. R. Cobble. Synthetic 
Construction Aggregate Developed From s telen Fertil- 
izer Waste. Presented at Soc. Min. Eng. Fall Meeting and 
Exhibit, Salt Lake City, UT, Oct. 19-21, 1983, Soc. Min. 
Eng. AIME preprint 83-300, 15 pp. 


Helium 


Be William D. Leachman! and Philip C. Tully? 


Grade-A helium (99.995% or better) sales 
volume in the United States by private 
industry and the Bureau of Mines was 995 
million cubic feet (MMcf) in 1983.3 Grade-A 
helium exports by private producers were 
368 MMcf for total sales of 1,363 MMcf of 
U.S. helium. The Bureau’s price, f.o.b. 
plant, for Grade-A helium was $37.50 per 
thousand cubic feet (Mcf). The price of 
Grade-A helium gas sold by private produc- 
ers was about $35 per Mcf at the end of the 
year, and the price of liquid helium aver- 
aged $55 per Mcf gaseous equivalent with 

some producers posting surcharges to these 
- prices. 

Domestic Data Coverage. Domestid pro- 
duction data for helium are developed by 
the Bureau of Mines from records of its own 


operations as well as the High Purity Heli- 
um survey, a single, voluntary canvass of 
private U.S. operations. Of the seven oper- 
ations to which a survey request was sent, 
100% responded, and those data plus data 
from the Bureau's operations represent 
100% of the total production data shown in 
table 2. 

Legislation and Government Pro- 
grams.—The Government's program for 
Storage of private crude helium in the 
Government's helium storage facilities at 
the Cliffside Field near Amarillo, TX, was 
critical in supplying helium for the private 
helium market. Private crude helium pre- 
viously stored under contract with the Gov- 
ernment was delivered back to the owners 
for purification and sale to private industry. 


DOMESTIC PRODUCTION 


In 1983, there were 11 privately owned 
domestic helium plants, which were oper- 
ated by 9 companies. One new crude helium 
plant, Phillips Petroleum Co.’s Dumas 
plant, was started during the year. Seven 
privately owned plants and one Bureau 
plant extracted helium from natural gas. 
Both private and Bureau plants use cryo- 
genic extraction processes. Pr ssure-swing- 
adsorption is used for helium purification at 
two private helium plants and the Bureau’s 
plant. Cryogenic purification is used by 
other producers. The Bureau and five of the 
six private plants that produce Grade-A 
helium also liquefy helium. They are Air 
Products and Chemicals Inc., Hansford 
County, TX; Cities Service Cryogenics Inc., 
Ulysses, KS; Kansas Refined Helium Co., 
Otis, KS; Helium Sales Inc., now owned by 
Union Carbide Corp. and operated by Heli- 
um Sales, Elkhart, KS; and Union Carbide, 
Linde Div., Bushton, KS. 

The volume of helium recovered from 


natural gas increased because two private 
crude helium plants that were temporarily 
shut down owing to the lack of natural gas 
liquids markets resumed operation and 
Phillips Petroleum's Dumas plant initiated 
operations. Most of the natural gas process- 
ed for helium extraction came from gas- 
fields in Kansas, New Mexico, Oklahoma, 
and Texas. 

The Bureau awarded a contract for a 
pressure-swing-adsorption helium purifica- 
tion unit in 1979. The unit was installed at 
the Masterson, TX, Exell plant during 1980, 
accepted in 1981, and has operated satisfac- 
torily. A new cryogenic helium purification 
unit and helium liquefier, also purchased 
under contract, were installed at the Bu- 
reau's Exell plant. The new cryogenic puri- 
fier was accepted in 1983. The liquefier was 
accepted in 1981 and has operated satisfac- 
torily. A wet-expansion engine is presently 
being procured for the ERR to increase 
its output. 
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Table 1.—Ownership and location of helium extraction plants in the United States . 


in 1983 
Category and owner or operator Location Product purity 
Government-owned: 
Bureau of Mines. .___.....----------- Masterson, TX... .... Crude and Grade-A helium.! 
Docuit due uc LAE Keyes, OK -.-.-.-..-..- Helium tank car maintenance 
only. 
Private industry 
Air Producta aüd Chemicals Inc -.-........-.-. Hansford County, TX... Grade-A helium.’ 
Cities Service Cryogenics Inc `... ~~ Scott City, RS... Crude helium.” 
Dó ces eee eats eee ee eee Ulysses, KR. ---- Grade-A helium.’ 
Cities Service Helex Inc `... 2.2 Be, TEE Crude helium. 
Refined Helium Co e e e 250. e — Sn Grade-A helium.! 
Navajo Refined Helium Co... -- Shiprock, NM .......- Grade-A helium. 
Northern Helex Co -------------------= Bushton, KS ..._..... Crude helium. 
Phillips Petroleum Co? _____ ooo. mas, TX________-_ Do. 
acus EU eee eee rea Hansford County, TX... Do. 
Union Carbide Corp., Linde Div..........-....- Bushton, KS ......... Grade-A helium.! 
Do cos cse oe Mu LL E Elkhart KS _-______ Do. 
‘Including liquefaction. 
*Output is piped to Cities Service Cryogenics Inc. plant at U lysecs, KS KS, for purification. 
SPhillips Petroleum Co.'s Dumas Vert plant initially operated in June 1 
*Grade-A helium facility sold to Union Carbide Corp. Aug. 17, 1988. 
Table 2.—Helium recovery in the United States! 
(Thousand cubic feet) 
1979 1980 — 1981 1982 1988 
Crude helium: Bureau of Mines: 
Total storage `... e e 84,868 22,887 -257,799  '-850,285 -275,714 
Private industry: | 
Stored by Bureau of Mines. ......._ 787,128 ^ 688, e 452,880 118,261 282,018 
Withdrawn 22 22222222222 -180,840 : -266,898 -304,987 = 724,1 118 -729,1 184 
Total private industry storage. - - —_ 606,283 867,058 147,898 -610,852 -447,116 
Total crude helium `... 641,151 389,945 -109,906  *-961,087 -722,830 
Stored private crude helium withdrawn from 
storage and purified by the Bureau of Mines 
for redelivery to industry. - - --- ------ -222,320 -200,612 -80,208 -51,284 -65,015 
Grade-A helium: 
ureau of Mines sold_ ` - --—------—---—- 209,680 187,735 240,880 305,071 241,733 
Private industry sold_ ______________._ 890,160 986,601 1,014,543 939,496 1,120,955 
Total sold ___-_--___.-_:-.- 1,099,840 1,174,336 1,255,423 1,244,567 1,362,688 
Total stored - --- --- --------- 418,831 189,383 -190,114 *-1,012,321 -187,845 
Grand total recovery ---------- 1,518,671 1,863,669 1,065,309 "232,246 574,843 


r 


1Negative numbers denote net withdrawal from the Government’s underground helium storage facility, a partially 


depleted natural gas reservoir in Cliffside Field near Amarillo, TX. 


Supply: 


Inventory at beginning of period? 


HELIUM 


Table 3.—Summary of Bureau of Mines helium plant operations 


Helium recovered: 


Dis : 
Gem of Grade-A helium 
Redelivered to private producers 
Net deliveries to helium conservation system 


Inventory at end of period! 


! At Amarillo and Exell helium plants. 


Exell plant: Grade-A? 
Keyes p 
Cru 


ant: 


Total supply 


(Thousand cubic feet) 


1981 


14,510 


291,119 


22,375 
49,346 


309,440 
33,888 


351,838 


240,880 
80,208 


1982 
14,375 


362,298 


362,298 


316,673 


305,071 
4 


20,368 
316,673 


2Includes 67,591 Mcf purified for private industry in 1981, 51,234 Mcf in 1982, and 65,015 Mcf in 1983. 
3Includes 12,617 Mcf purified for private industry in 1981. Gas processing shut down Sept. 1981. 


BILLION CUBIC FEET 


5.0 


4.0 


3.0 


2.0 


1.0 


1960 


* 
e 
* 
* 
* 
* 
* 
* 
* 
> 
a 
= 
= 
‘= 
= 
= 
= 
= 
= 
= 
- 
- 
a 
e 
= 
KI 
= 
= 
- 
- 
Ei 
= 
- 
- 
e 
- 
n 
- 
- 
e 
- 
- 
s 
E 
EI 
= 
q 
- 
e 
= 
= 
= 
a 
= 
- 
& 
- 
- 
- 
- 
- 
- 
- 
mm 
& 
- 
© 
a 
a 


ATT TAO 
* 


1965 


Stored 


1970 


e 
$ 
e 
K 
K 
a 


$ 
Lad 
e 
> 
e 
- 
oe 
> 
oe 
oe 
oe 
oe 
oe 
o 
Ls 
oe 
oe 
> 
a 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
» 
» 
es 
- 
- 
- 
es 
- 
- 
- 
- 
- 
- 
Ld 
LJ 
um 
» 
» 
- 
- 
- 
- 
» 


RS 
FLLITTTTLL 


S 
* 


Wi 


GN 


1975 


a Recovered 


1980 


Figure 1.—Helium recovery in the United States, 1960-83. 
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Figure 2.— Major U.S. helium-bearing natural gas fields. 


CONSUMPTION AND USES 


The major domestic end uses of helium 
were cryogenics, welding, and pressurizing 
and purging. Minor uses included synthetic 
breathing mixtures, chromatography, leak 
detection, lifting gas, heat transfer, and 
controlled atmospheres. The Pacific and 
gulf coast States were the principal areas 
for helium demand. 

The Federal agencies purchase their ma- 
jor helium requirements from the Bureau of 
Mines. Direct helium purchases by the U.S. 
Department of Energy, the U.S. Depart- 
ment of Defense, the National Aeronautics 
and Space Administration, and the Nation- 
al Weather Service constituted most of the 
Bureau's Grade-A helium sales. All of the 
remaining sales to Federal agencies were 
through private helium distributors, which 
purchased equivalent volumes of Bureau 
helium under contracts described in the 
Code of Federal Regulations (30 CFR 602). 
Some of the private distributors also have 
General Services Administration helium 


supply contracts. These contracts make rel- - 


atively small volumes of helium readily 
available to Federal installations at reduced 
freight charges. 

The Bureau price, f.o.b. plant, for Grade- 
A helium was increased from $35 per Mcf to 
$37.50 per Mcf effective October 1, 1982, 


the first helium price increase in more than 
20 years. The $37.50 per Mcf price remained 
in effect throughout 1983. Private produc- 
ers' price for Grade-A helium was about $35 
per Mcf at yearend. The price of liquid 
helium averaged $55 per Mcf gaseous equiv- 
alent, plus possible surcharges. 

All Grade-A gaseous helium sold by the 
Bureau was shipped in cylinders, special 
railway tank cars, or highway tube semi- 
trailers. Liquid helium was shipped in de- 
wars and semitrailers from the Exell heli- 
um plant. Private industrial gas distribu- 
tors shipped helium as gas or liquid. Much 
of the private helium was transported in 
liquid form by semitrailers to distribution 
centers, where a portion was gasified and 
compressed into trailers and small cylinders 
for delivery to the end user. 


Table 4.—Total sales of Grade-A helium 


in the United States 
(Million cubic feet) 
Year Volume 
E A ceu n ridet his. x xm Er rS 817 
1980. E D tU ie eee 863 
(TT WEEN 866 
E EE 867 
1983: A AN 995 
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Table 5.—Bureau of Mines sales of Grade-A helium, by purchaser’ 
(Thousand cubic feet) 


Purchaser 1981 1982 1983 
Federal agencies: 
Department of Defense ________________-_____________- 92,405 93,535 105,372 
Department of Energy - - ______________-__-~_______-__- 29,441 29,939 32,821 
National Aeronautics and Space Administration. _ 44,221 37,447 37,674 
National Weather Service___§__ ________________________ 1,002 1,077 874 
UNC as so ote i i re a E 2,661 2,812 2,957 
AE A ye eh A Lee ce ET iro 169,730 164,810 179,698 
Federal agency sales supplied by private-contract helium distributors? _ _ _ 68,551 136,359 59,059 
Commercial Sales: ru tm ES DI Ses i us meet ecd 2,599 3,902 2,976 
E EE 240,880 305071 241/733 


I Table identifies purchaser, which is not necessarily a Federal helium user. 


2Purchased from the Bureau of Mines by commercial firms and redistributed to Federal installations under contract 
authority of 30 CFR 602. 


ESTIMATED TOTAL HELIUM USED 
995 million cu . ft.. 
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Figure 3.—Estimated helium consumption in the United States in 1983, by end use 
(million cubic feet). 
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CONSERVATION 


The volume of helium stored for future 
use in the Bureau of Mines helium conser- 
vation storage system, which includes the 
conservation pipeline network and the Cliff- 
side Field near Amarillo, TX, totaled more 
than 38 billion cubic feet (Bcf) at yearend. 
The conservation storage system contains 
crude helium purchased by the Bureau 


under contract, Bureau helium extracted in 
excess of sales, and privately owned helium 
stored under contract. During 1983, 282 
MMcf of private helium was delivered to 
the Bureau’s helium conservation storage 
system and 794 MMcf was withdrawn, for a 
net decrease of 512 MMcf of private helium 
in storage. 


Table 6.—Summary of Bureau of Mines helium conservation storage system! operations 


(Thousand cubic feet) 
1981 1982 1983 
Helium in conservation storage system at beginning of period: 
Stored under Bureau of Mines conservation program -—--—---------- 37,883,314 — 36,137,610 35,787,375 
Stored for private producers under contract... 2,582,426 4,137,724 3,475,638 
AE ete 40,465,740 40,275,334 39,263,013 
Input to system: 
Net deliveries from Bureau of Mines plants?_________________.__ -1,745,704 -350,235 -275,714 
Stored for private producers under contract _ — —— —- --------------—- 31,940,492 113,261 282,018 
Must M EUR ALIM NA 194,788 -236,974 6,304 
Redelivery of helium stored for private producers under contract? _______ -385,194 -775,347 -794,149 
Net addition to system? _——-------------------—-—------—- -190,406 -1,012,321 -787,845 
Helium in conservation storage system at end of period: 
Stored under Bureau of Mines conservation program __________-_.- 36,137,610 35,787,375 35,511,661 
Stored for private producers under contract —-—-———-—------------- 4,137,724 3,475,638 2,963, 
Total. <= es a ee ee 40,275,334 39,263,013 38,475,168 


1Crude helium is injected into or withdrawn from the me underground helium storage facility, a partially 


depleted natural gas reservoir at Cliffside Field near 
egative numbers denote net withdrawal from storage. 


O, e 


*Includes 1,518,008 Mcf of helium (minus 2%) originally accepted under court order but returned to private producers 


under terms of court settlements. 


RESOURCES 


Domestic measured and indicated identi- 
fied helium resources as of January 1, 1983, 
are estimated to be 449 Bcf. The resources 
included measured reserves and indicated 
resources estimated to be 222 and 8 Bcf, 
respectively, in natural gas with a mini- 
mum helium content of 0.3%. The meas- 
ured reserves included 38 Bcf stored in the 
Bureau's helium conservation storage sys- 
tem. Measured helium resources in natural 
gas with a helium content of less than 0.3% 


are estimated to be 45 Bcf. Indicated helium - 


resources in natural gas with helium con- 
tent of less than 0.3% are estimated to be 
174 Bcf. Approximately 95% of the domestic 
helium resources under Federal ownership 
are in the Riley Ridge area and Church 


Buttes Field in Wyoming, and the Cliffside 
Field in Texas. 

Most of the domestic helium resources 
are located in the midcontinent and Rocky 
Mountain regions of the United States. The 
measured helium reserves are located in 
approximately 78 gasfields in 10 States. 
About 94% of these reserves is contained in 
the Hugoton Field in Kansas, Oklahoma, 
and Texas; the Keyes Field in Oklahoma; 
the Panhandle and Cliffside Fields in Texas; 
and the Riley Ridge.area in Wyoming. The 
Bureau analyzed a total of 407 natural gas 
samples from 25 States and 2 foreign coun- 
tries during the year in conjunction with a 
program to survey and identify possible new 
sources of helium. 


HELIUM 
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FOREIGN TRADE 


Exports of Grade-A helium, all by private 
industry, decreased by 2.7% to 368 MMcf. A 
little over 56% of the exported helium was 
shipped to Europe. Belgium-Luxembourg, 
France, and the United Kingdom, collec- 
tively, received more than 94% of the Euro- 
pean helium imports. Twenty-four percent 
of the U.S. helium exports went to Asia, 6% 
to Central and South America, 4% to Aus- 
tralia, New Zealand, the Middle East, and 
. North America, and less than 1% each to 
Africa and the Caribbean. The shipments of 
large volumes of helium to Western Europe 
were attributed to helium's use in breathing 
mixtures for diving and for welding in the 


exploration for oil and gas, especially in the © 
North Sea. 


Table 7.—U.S. exports of Grade-A helium 
(Million cubic feet) 


Year Volume 
IO morata ce t EE 245 
A o A A 298 
TOET een e 389 
TOURS. eet eh ate A cee EE 378 
1983 cis ee es eh, ee HEIN 368 


Source: Bureau of the Census. 


WORLD REVIEW 


World production of helium, excluding 
the United States, was estimated to be 100 
MMcf, most of which was extracted in 


Poland. The remainder was attributed to 
other central economy countries. 


TECHNOLOGY 


Four more successful space shuttle 
launches were made by the National Aero- 
nautics and Space Administration using 
Bureau of Mines helium. The Challenger 
Space Shuttle was launched three times 
and the Columbia Orbiter was launched 

once. V 
= The Fermi National Accelerator Labora- 
tory near Batavia, IL, completed the instal- 
lation of superconducting magnets in a 4- 
mile ring that is designed to accelerate 
protons to 1.0 trillion electron volts (TeV). 
The system was successfully cooled down 
and operated in 1983, accelerating protons 
to 0.8 TeV. The Department of Energy is 
currently planning a new accelerator called 
the Super Superconducting Collider (SSC), 
which will have a ring about 100 miles long 
and accelerate protons to 20 TeV. Liquid 
helium is expected to be used to attain 
temperatures required for superconducting 
magnets in the installation. The Brook- 
haven Colliding Beam Accelerator was can- 
celed as a result of the inception of the SSC. 
Work on the Stanford Linear Accelerator 
will continue. 

Bonneville Power Administration’s super- 
conducting magnetic energy storage project 
was canceled because of unreliable cryo- 
genic refrigeration equipment. Erratic oper- 
ation of the helium liquefier did not permit 


continuous stable operations needed for 
testing. The Electric Power Research Insti- 
tute terminated its contract with Westing- 
house Electric Corp. for the development of 
a 270-megawatt commercial supercon- 
ducting generator in August. Supercon- 
ducting magnet development for fusion and 
magnetohydrodynamic systems is proceed- 
ing at several other Department of Energy 
national laboratories. 

In the field of medicine, nuclear magnetic 
resonance (NMR) is one of the most exciting 
new diagnostic ‘techniques. NMR is the 
tendency for cores of atoms to vibrate 
when placed in a strong magnetic field and 
probed with radio waves. Liquid helium is 
used to provide cooling for superconducting 
magnets used in the equipment. Images are 
superior in some cases to those obtained 
using computerized axial tomography (CAT) 
scanners, but NMR does not emit radiation. 
There were 15 NMR systems being used in 
clinical research at the end of the year. This 
market is expected to grow rapidly. 


1Chemical engineer, Helium Field Operations, Amarillo, 


Program analysis officer, Helium Field Operations, 
Amarillo, TX. 

3A1l helium volumes herein reported at 14.7 pounds per 
square inch absolute and 70° F. 
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Iodine 


By Phyllis A. Lyday! 


Apparent domestic consumption of iodine 
increased during the year. Three producers 
of crude iodine supplied less than one-half 
of domestic demand; the remainder was 
imported. The General Services Adminis- 
tration (GSA) continued sales of excess io- 
dine from the National Defense Stockpile. 

Domestic Data Coverage.—Domestic pro- 
duction data for iodine were developed by 
the Bureau of Mines from a voluntary 
survey of U.S. operations. Of the three 
operations to which a survey request was 
sent, 67% responded, representing an esti- 
mated 88% of the total production. Produc- 
tion for the nonrespondent was estimated 
using reported prior year production levels 
adjusted by trends in employment and oth- 
er guidelines. 

Legislation and Government Pro- 
grams.—The U.S. National Defense Stock- 
pile contained 7.5 million pounds of crude 
iodine valued at $51 million in inventory at 
yearend. The stockpile goal remained at 5.8 
million pounds. In 1981, the U.S. Congress 


had authorized GSA to sell 2,213,000 pounds 
of the excess iodine for domestic use. The 
authorization allowed the sale of 1 million 
pounds in fiscal years 1982 and 1983. In 
May 1982, GSA removed the domestic re- 
striction clause. During 1983, 50,000 pounds 
of stockpile-grade excess iodine was sold for 
$244,300. At yearend, 1.2 million of the 7.5 
million pounds in inventory remained avail- 
able for disposal. 

The U.S. Food and Drug Administration 
(FDA) reviewed the listing of Red No. 3 dye. 
Red No. 3, or erythrosine, has a grape-like 
color and contains 58% iodine, by weight. 
Erythrosine had been used in carbonated 
soft drinks, powdered drinks, gelatin des- 
serts, icings, and pet foods. If the listing 
were to be revoked, Red No. 40, the only red 
dye remaining on the permanent list, could 
substitute, but it has a brick-red color. 

The FDA continued to analyze foods for 
elements, including iodine, to determine the 
degree of chemical contamination in the 
diet of the U.S. population. 


DOMESTIC PRODUCTION 


The Dow Chemical Co. continued to re- 
cover iodine from mineral-rich brines as a 
byproduct of bromine and other salts such 
as sodium, magnesium, and calcium-mag- 
nesium compounds. Dow's iodine produc- 
tion decreased during the year. 

North American Brine Resources operat- 
ed two miniplants at Dover and Hennessey 
in Kingfisher County, OK. The plants in 
operation were located at oilfield rein- 
jection disposal sites. The brines, containing 
between 135 and 900 parts per million of 
iodine, were processed before reinjection 
into the ground. North American was a 
joint venture among Beard Oil Co., 40%; 
Godoe USA Inc., a wholly owned subsidiary 


of United Resources Industry Co., 50%; and 
Inorgchem Development Inc., a wholly own- 
ed subsidiary of Mitsui & Co. (United 
States), 10%. 

Woodward lodine Operations increased 
sales and reduced the large inventories 
accumulated during 1982. Woodward was a 
joint venture between Amoco Production 
Co., 49%, and PPG Industries Inc., 51%. 
Iodine of greater than 99.9% purity was 
recovered by a conventional process with 
proprietary refinements from brine associ- 
ated with natural gas. Production was less 
than the 2 million pounds per year of 
capacity. 
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CONSUMPTION AND USES 


Establishing an accurate end-use pattern 
was inhibited because intermediate iodine 
compounds were marketed before reaching 
their ultimate end uses. The downstream 
uses of iodine continued to be animal feed 
supplements, catalysts, pharmaceuticals, 
sanitary and industrial disinfectants, stabi- 
lizers, inks and colorants, photographic 
equipment, and other uses. Other uses in- 
cluded production of high-purity metals, 
motor fuels, iodized salt, smog inhibitors, 
and lubricants. Iodine also had application 
in cloud seeding and radiopaque diagnosis 
in medicine. 

Deepwater Chemical Co., one of the larg- 


est domestic consumers of crude iodine, 
announced the availability of periodates for 
use as oxidizing agents and alkyl iodides. 
Deepwater specialized in the production of 
more than 40 iodides, as well as high-purity 
elemental iodine. Shipments from the plant 
were primarily by truck. 

West Chemical Products Inc. signed an | 
exclusive licensing agreement for Dow B. 
Hickam Inc. to use West’s low-iodine germi- 
cide. West also granted Mitsui of Japan an 
exclusive license for making and selling the 
same germicide. Mitsui was limited to sell- 
ing the product in China, Hong Kong, and 
Japan. 


Table 1.—Crude iodine consumed in the United States, by product 


1982 1983 
Con- Con- 
sum sum 
Product eia ti ion FUE Bon. 
in oe pisita fi 
pounds) pounds) 
Reported consumption: 
Resublimed iodine . 2222222 ~~ ---- 4 117 8 442 
EE EM EM 
um iodide o s et i a o eeu det eL ELE LE 
Other inorganic compounds... 2 L2 c2 222 oo 9 1,136 10 1,071 
^. Ethylenediamine dihydriodide pisei A A mui i s 4 137 4 736 
Organic compounds ooo 14 1,990 20 1,890 
EE 128 5182 -  !81 5/01 
Apparent consumption --—-----------------------------— XX ,900 8,139 
XX Not applicable. 
1Nonadditive total because some plants produce more than one product. 
PRICES 
. Published U.S. iodine prices remained 
between $6.35 and $7.26 per pound. Dis- Per pound? 
counted market prices reported by industry SE ( 
were $5.50 per pound. Custom values of Gei ed DEE Puro deri -- $5.50 
iodine imported from Japan ranged from works________________ MA 9.07 
$4.47 to $6.70 per pound; the average price Jodoform, NF, 800 poan ddrama. fob. . $6.54- 7.27 
was $5.66 per pound. Custom values for OE 3 1: a EE 21.50-21.75 
iodine imported from Chile ranged from Potassium ud rib bie ee tnu ee 
$4.17 to $5.90 per pound; the average price Resublimed iodine, USP. granular, 100- 
was $4.97 per pound. GSA sold iodine dur- = tonal duane, wares tals, 300- to 500- ` 12.16-12.94 
ing the year from stockpile excesses for pound lots, drums, freight equalized____  9.10-11.85 


prices that ranged from $4.70 to $5.31 per 
pound; the average price was $4.87 per 
pound. The quoted yearend U.S. prices for 
iodine and its primary compounds were as 
follows: 


1Conditions of final preparation, transportation, quanti- 
ties, and qualities not stated are subject to negotiations | 
and/or somewhat different price quotations. 


Source: Chemical Marketing Reporter. V. 224, No. 26, 
Dec. 26, 1983, pp. 28-37. 
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FOREIGN TRADE 


The United States continued to be de- 
pendent on imports primarily from Chile 
and Japan to supplement domestic produc- 
tion. Imports of crude iodine increased sig- 
nificantly as a result of increased demand 
owing to the improved state of the economy. 

On January 28, the U.S. International 
Trade Commission (ITC) announced a final 
determination that sodium nitrate import- 
ed in 1982 from Chile had been sold at less 
than fair market value. Chilean iodine was 


produced as a byproduct of nitrate produc- 
tion. The U.S. Customs Service was to 


require a cash deposit, bond, or other securi- 


ty in the amount of $0.45 per short ton for 
agricultural-grade sodium nitrate and 
$39.08 per short ton for industrial-grade 
sodium nitrate. According to the Chilean 
Nitrate Sales Corp., the dumping margin 
assessed on Chilean sodium nitrate by the 
ITC was minimal and did not affect sales of 
nitrate or iodine during 1983. 


Table 2. —U.S. imports for consumption of crude iodine, resublimed iodine, and 
compounds, by country 


(Thousand pounds and thousand dollars) 


Country 


TRevised. 
lLess than 1/2 unit. 


1982 1983 

Quantity Value Quantity Value 
Se (1) 1 2 11 
Ser (7) 2 (*) ! 1 
ONCE 1 5 10 50 
EE (7) 6 ae E 
Ee 3 4 
EE 50 285 de 554 
E 1 21 1 22 
GE EE 55 329 121 647 
ARE r] (1) 2 
PE 193 4,887 1,639 8,146 
MER DES M | 22 118 
Enn 3,931 22,800 4,556 25,773 
MPO MEME: 74,121 21,109 6,218 34,039 
nd Oia da E mo (7) A 
See quae e" 44 256 
ELO T 2 16 1 10 
le 2 16 45 266 
o AE 4,784 28,054 6,384 34,952 


2Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 


WORLD REVIEW 


Chile.—Production of crude iodine, 99.5% 
pure, as a byproduct of nitrate and borax 
production, continued at the Maria Elena 
and Pedro de Valdivia Mines. The Chilean 
caliche deposits that contained the iodine 
were the only commercial-size deposits of 
nitrate in the world. The Sociedad Quimica 
y Minera de Chile (SOQUIMICH) was the 
sole iodine producer. The caliche was drilled 
and blasted using ANFO explosives and 
removed by bulldozers, draglines, shovels, 


and trucks. The ore was transported to a 
crushing plant that operated 20 hours per 
day. Both plants used the Guggenheim proc- 
ess. The salts were dissolved in hot water, 
sodium sulfate was extracted, and then 
nitrates were precipitated by lowering the 
temperature. The nitrate precipitate con- 
tained 90% sodium nitrate and 6% water. 
The nitrate was smelted in reverberatory 
furnaces to 500° C and sprayed through 
currents of cold air to form a prill. The 
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iodine was contained in the form of sodium 
iodate and remained dissolved in the hot 
liquor. Sodium iodide was produced by 
burning sulfur to produce sulfur dioxide 
that reacted with the sodium iodate. The 
addition of leach liquor produced elemental 
iodine. Magnesium sulfate (Epsom Salts) 
. was produced as a byproduct of the process 
in solar evaporative ponds located at Coya 
Sur. 

Domestic consumption of iodine in 1982 
was 79,000 pounds. During 1982, 2.6 million 
pounds was exported to Europe, 454,000 
pounds to Latin America, and 534,000 to 
Asa? During 1983, 5 million pounds of 
iodine was exported to Europe and 460,000 
pounds went to Latin America. 

Japan.—Japan continued to account for 
approximately 58% of the world production 
of crude iodine, exclusive of U.S. produc- 
tion, and maintained its place as the world's 
largest producer. Six companies operated 
seventeen plants with a total production 
capacity of 20 million pounds per year. All 
production was from subsurface brine as a 
byproduct of natural gas production. Ise 
Chemical Industry Co. operated seven 
plants in Chiba, Niigata, and Miyazaki 
Prefectures that used the blowing out proc- 
ess. The estimated capacity of these plants 
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was 9 million pounds per year of iodine. 
United Resources Industry Co. operated two 
plants in Chiba Prefecture that used the 
blowing out process with an estimated io- 
dine capacity of 4 million pounds per year. 
Nippon Natural Gas Industry Co. operated 
four plants in Chiba Prefecture that used 
the ion exchange process with 3 million 
pounds per year of iodine capacity. Kanto 
Natural Gas Development Co. operated two 
plants in Chiba Prefecture that used the ion 
exchange process with an estimated iodine 
capacity of 2 million pounds per year. Nip- 
pon Chemical Co. operated one plant in 
Chiba Prefecture that used the blowing out 
process with an estimated iodine capacity of 
] million pounds per year. Nippon Halogen 
Chemical Co. operated one plant in Niigata 
Prefecture that used the blowing out proc- 
ess with an estimated iodine capacity of 
800,000 pounds per year. 

Ise undertook a program to develop iodine 
derivatives. Iodine accounted for approxi- 
mately 70% of the company's total sales. Ise 
signed an agreement with Asahi Glass Co. 
for basic research and introduced a prilled 
form of iodine that was chemically equiva- 
lent to the flaked form, but had physical 
advantages in that it was freer flowing and 
produced less dust. 


Table 3.—Crude iodine: World production, by country! 


(Thousand pounds) 
Country? 1979 1980 1981 1982P 1983* 

Chile eee eee uude deus 5,313 5,734 5,926 5,723 6,000 
nee CPR END ee 1,000 1,000 1,000 1,000 1,000 
IndonesiB. AAA AA 156 r 56 64 57 
Japan -------------------------—- 13,779 714,385 715,128 15,829 316,034 
USSR une oec edet 4,400 4,400 4,400 4,400 4,400 
United States... W W W W 

Total ta ld o 124,548 125,584 26,510 27,016 27,491 

“Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 


1Table includes data available through June 6, 1984. 


2In addition to the countries listed, New Zealand also produces elemental iodine, but production data are not available 
and available information is inadequate for formulation of reliable estimates of output levels. 


*Reported figure. 
“Excludes U.S. production. 


TECHNOLOGY 


A U.S. patent claimed the use of an 
aqueous solution of hydrogen iodide and 
iodine to recover gold. The solution dissolv- 
ed the gold but left associated elements 
such as molybdenum and tungsten in the 
soiid state.? 

Another U.S. patent claimed the use of an 
iodine-impregnated absorbent to recover sil- 


ver from photographic and other solutions.* 


!Physical scientist, Division of Industrial Minerals. 

2U.S. Embassy, Santiago, Chile. Industrial Outlook Re- 
port. State Dep. Airgram A-18, Dec. 6, 1983, 65 pp. 

Nori. C. D., B. E. Martin, and R. G. W. Gingerich 

ser EY Re GTE Produ cts Corp , CT). Process for Recover- 
ing ld. U.S. Pat. 1.397.690, dei 9, 1983. 

Rosene, M. R. (assigned to Calgon Carbon Corp., PA). 
Silver Removal With do Impregnated Non-Carbon 
Absorbents. U.S. Pat. 4,396,585, Aug. 2, 1983. 


Iron Ore 


By F. L. Klinger! 


U.S. production and consumption of iron 
ore increased moderately in 1983, owing to a 
rise in demand for iron and steel. Employ- 
ment remained relatively low, and output of 
ore was less than 5096 of capacity, but 
productivity increased. Several mines were 
closed, and the future of others was uncer- 
tain as the ore and steel industries sought to 
improve efficiency through company merg- 
ers and closure of ironmaking plants. By 
yearend, iron ore mining had virtually 
ceased in the western half of the country. 


Iron ore production and trade continued 
to decline in the rest of the world as demand 
for iron and steel receded in Western Eu- 
rope and Japan. Iron ore prices declined 
and ocean freight rates remained low. Iron 
ore production was substantially less than 
capacity, and except for Brazil and a few 
other countries, there was little investment 
in new production facilities. New markets 
for iron ore continued to grow in some less 
industrialized countries, owing to construc- 
tion of direct-reduction plants. 


Table 1.—Salient iron ore statistics 
(Thousand long tons and thousand dollars unless otherwise specified) 


1979 1980 1981 1982 1983 
United States: 
Iron ore (usable,! less than 5% manganese): 
Production. ______________-_-- 85,716 69,613 73,174 35,433 37,562 
Shipments? _________ o 86,218 69,594 72,181 35,756 44,596 
AA ne E $2,814,440 — $2,544,121 $2,915,239 $1,491,809 $1,944,988 
Average value at mines 
dollars per ton... $32.64 $36.56 $40.39 $41.72 $43.61 
EXDOIB. liom memos 5,148 5,6 5,546 3,178 3,781 
Vale e oO $178,749 $230,568 $244,685 $150,522 $182,744 
Imports for consumption -_______.__. 33,776 25,058 , $ , 
Value cito elit ato is $923,426 $772,844 $947,977 $470,847 $445,731 
eee (iron ore and agglomerates) . 125,431 98,879 104,385 ,916 10,629 
Stocks, . 9l: 
At mines! 11,266 11,725 12,734 12,129 43,209 
At consuming plants |. 38,969 35,706 36,203 29,923 25,494 
At U.S. docks --------------- 5,416 6,095 6,571 5,750 3,174 
Manganiferous iron ore (5% to 35% 
manganese): Shipments ____________- 215 155 156 28 30 
World: Production... 2222 --- T888,789 1876,894 841,579 P769,149 €729,642 
Estimated. Preliminary. ‘Revised. 
1Direct-shipping ore, concentrates, agglomerates, and byproduct ore. 
2Includes byproduct ore. 
3Excludes byproduct ore. 


“These stocks are not comparable to those of previous years owing to the reclassification of some stocks from the usable 


to the byproduct category. 
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Figure 1.—U.S. iron ore production and imports for consumption. 


Domestic Data Coverage.—Domestic pro- 
duction data for iron ore are developed by 
the Bureau of Mines from three separate, 
voluntary surveys of U.S. operations. The 
annual Iron Ore Survey (1066-A) provides 
the basic data used in this report. Of ap- 
proximately 71 addressees to whom the 
1066-A form was sent, 55 responded, repre- 
senting 99.9% of total production shown in 
tables 1 through 6. Production for nonre- 
spondents was estimated using data from 
railroad reports and reportėd production 
levels in prior years, supplemented by em- 
ployment data, mine inspection reports, and 
information from consumers. Consumption 
data are provided by the annual Blast 


Furnace and Steel Furnace Survey (1067-A). 


Data coverage for this survey is reportėd in 
the “Iron and Steel” chapter. 


Legislation and Government Pro- 


grams.—Depletion allowances for domestic 
and foreign operations of the iron mining 
industry were to be reduced by 15%, effec- 
tive January 1, 1984, under the Tax Equity 
and Fiscal Responsibility Act of 1982. The 
depletion allowance was to be reduced to 
12.75% for domestic operations and to 
11.9% for foreign operations. 

Under the proposed Fair Trade in Steel 
Act of 1983 (H.R. 4352), U.S. imports of iron 
ore would be limited to 15% of apparent 
domestic supply. Apparent domestic supply 


‘was defined as domestic shipments plus 


imports minus exports. The 15% limitation 
excluded imports from Canada. By yearend, 
the proposed limitation on iron ore was 
raised to 25% including imports from Cana- 
da. The revised version of the proposed act 
was reintroduced as H.R. 5081 and S. 2380. 


EMPLOYMENT 


Statistics on employment and productivi- 
ty in the U.S. iron ore industry in 1983 are 
shown in table 2. Quarterly employment 
data were supplied by the Mine Safety and 
Health Administration of the U.S. Depart- 
ment of Labor, from reports received from 
producers. The statistics include production 


workers employed at mines, concentrators, . 
and pelletizing plants, and in repair and 
maintenance shops, but do not include ap- 
proximately 1,000 persons engaged in man- 
agement, research facilities, or in office 
work at mines and plants. 

Average quarterly employment and total 
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hours worked in 1983 were about 13% less 
than in 1982, but production of crude and 
usable ore increased by 5%. The result was 
a marked increase in productivity compared 
with that of 1982. Productivity for usable 
ore appeared to increase by 28% for the 
industry as a whole, 30% for the Lake 
Superior district, and 32% for Minnesota. 
Such gains are unusual in the iron ore 
industry, where productivity has been rela- 
tively stable for the last 12 years, and they 
are also surprising because few mines op- 
erated continuously in 1983. Although em- 
ployment data are not believed to be pre- 
cise, it seems unlikely that the data could be 
understated by more than 5%; it is there- 
fore assumed that productivity increased by 
at least 20% in 1983. Drastic cuts in employ- 
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ployment is reduced to a minimum, the 
potential productivity of highly mechanized 
operations may be realized even at low 
production levels. This appears to have 
happened in 1983. | 

Production data for crude ore were revis- 
ed by one producer after publication of the 
Minerals Yearbook for 1982. Consequently, 
productivity data for crude ore appearing in 
table 2 for that year have been revised. 
Production totals for crude ore (tables 3 and 


4) in 1982 should read as follows, in thou- 


sand long tons? 77,520 for Minnesota, 
99,871 for the Lake Superior district, and 
109,856 for the United States. Productivity 
data (table 2) for crude ore should read as 
follows, in thousand tons: 6.71 for Minneso- 
ta, 6.81 for the Lake Superior district, and 


ment have been made since 1981 by all of 6.37 for the United States. 
the major mining companies, and as em- 
DOMESTIC PRODUCTION 


U.S. production of iron ore increased in 
1983, but the rise in output was less than 
the 13% increase in production of iron and 
steel, compared with that of 1982. The lag in 
production was caused by the availability of 
large stocks of ore that had accumulated at 
mines and consuming plants during 1982. 
Iron ore production rose sharply in the first 
o months of 1983 to keep pace with the 
surging production of iron and steel, but as 
demand for steel leveled off, mine produc- 
tion declined in the last 6 months of the 
year, and stocks were used to maintain a 
relatively high volume of shipments. By 
yearend, shipments exceeded production by 
7 million tons and were 25% higher than 
shipments in 1982. The depletion of stocks 
at the mines set the stage for a rapid expan- 
sion of mine output if needed to support a 
rise in demand for steel in 1984. In 1983, 
however, output of usable ore was only 
about 40% of annual production capacity, 
which was estimated at 97 million tons on 
January 1. 

Iron ore was produced by 20 open pit 
mines and 1 underground mine. Fourteen 
mines produced ore for the iron and steel 
industry, but only 2 were operated for the 
full 12 months. Eight mines were idle but 
shipped ore from stockpiles. Twelve of the 
country's fourteen pelletizing plants were 
operated and accounted for 97% of all 
usable ore produced. Two taconite mines 
and associated pelletizing plants were per- 
manently closed by yearend, as were two 
mines that produced direct-shipping ore. 
U.S. production capacity at yearend was 


estimated at 93 million tons including 82 
million tons of pellets. Owing to reduced 
employment levels, effective capacity for 
pellets was probably less than 70 million 
tons. 

An average of 3.08 tons of crude ore was 
mined for each ton of usable ore produced 
compared with 3.1 tons in 1981 and 19823. 
Leveling-off of this ratio results from the 
almost exclusive use of taconite-type ores 
for production of usable ore products. The 
ratio increased annually through 1980, as 
production of pellets from taconite-type ores 
gradually replaced production of direct- 
shipping ores and concentrates. Taconite- 
type crude ore mined in Minnesota, Michi- 
gan, and Wyoming accounted for 97% of the 
crude ore mined in 1983, and pellets pro- 
duced from this ore accounted for 95% of 
usable ore output. U.S. output of pellets was 
36.3 million tons, 97% of usable output. 
Minnesota produced 70% of the national ` 
output, Michigan produced 25%, and the 
remainder was produced in five other 
States. Average iron content of usable ore 
produced was 64.396, compared with 63.696 
in 1981 and 63.9% in 1982. 

In Minnesota, all eight taconite mines 
and associated pelletizing plants were op- 
erated, but each was idle for part of the 
year. The pattern of sporadic production 
was similar to that of 1982, but production 
of pellets in 1983 was about 3 million tons 
higher. Operating periods of the various 
producers are shown in the accompanying 
tabulation. 
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Operating 
Managing company Mine period 
in 1983 
Reserve Mining Co _ Peter Jan. 2-Apr. 
Mitchell. 7. 
Pickands Mather & Erie Apr. 3-Oct. 1. 
Co. Commer- 
cial. 
Do c ee Hibbing Jan. 1-29; 
Taconite. Apr. 17-Oct 
United States Steel Minntac _ Jan. 17-Sept. 
Corp. 11; Sept. 25- 
Dec. 31. 
Oglebay Norton Co _ Eveleth Jan. 1-July 
ines. 31; Oct. 12- 
Dec. 31. 
Inland Steel Mining Minorca ... Jan. pou AE 
The Hanna Mining National Mar. 20-Dec. 
Co. Steel. 31. 
Do 22 Butler Apr. 10-Oct. 
Taconite. 29. 


Several Minnesota producers operated 
well below the rated capacity of their mines 
and plants, and recalled only part of their 
work forces. Reserve Mining Co. and Erie 
Mining Co. operations, which were resumed 
after shutdowns of 6 months and 9 months, 
respectively, operated at about 40% of ca- 
pacity. Pickands Mather & Co. indicated 
that effective capacity of Erie was reduced 
to 8 million tons of pellets per year com- 
pared with installed capacity of 11 million 
tons. United States Steel Corp. reduced 
effective capacity at Minntac by one-third 
to about 12.5 million tons of pellets per 
year, and recalled about one-half of its 
former work force of 4,000. Production ca- 
pacity at the National Steel pellet plant was 
reduced to 4 million tons per year from the 
5.8-million-ton level installed in 19777. Evel- 
eth Mines operated at about 80% of its 6- 
million-ton-per-year pellet capacity. 

Jones & Laughlin teel Corp. (J&L) began 
production of hematite concentrates at the 
McKinley Extension Mine, near Aurora, 
MN, in May and produced nearly 900,000 
tons before closing down for the winter. No 
other “natural ore” mines were in produc- 
tion on the Mesabi Range, although several 
shipped concentrates from stockpiles. 

In a development affecting ownership of 
Eveleth Mines, Armco Inc. announced in 
September that an agreement in principle 
had been reached with Dominion Foundries 
& Steel Co. Ltd. (Dofasco) of Canada, to 
exchange ownership interests in Eveleth 
Expansion Co. and the Iron Ore Company of 
Canada (IOC). Armco would assume Dofas- 
co’s 16% interest in Eveleth Expansion, and 
Dofasco would assume Armco’s 6.07% inter- 
est in IOC. The exchange would increase 
Armco’s share in Eveleth Mines to approx- 
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imately 33.6%, but because the production 
capacity of IOC is much larger than that of 
Eveleth Mines, Armco would reduce its 
overall iron ore commitments by up to 
750,000 tons annually. Eveleth Mines is 
owned 60% by Eveleth Expansion and 499% 
by Eveleth Taconite Co. 

A proposed merger of LTV Corp. and 
Republic Steel Corp., announced in 1983, 
would affect ownership of several iron ore 
mines in Michigan, Minnesota, and in east- 
ern Canada. J&L, which is owned by LTV, 
operates the McKinley Extension Mine and 
owns a 35% share of Erie in Minnesota; it 
also owns 35% of the Empire Mine and 12% 
of the Tilden Mine in Michigan; and 15.6% 
and 6.29%, respectively, of Wabush Mines 
and IOC in Canada. Republic Steel owns 
50% of Reserve and 16% of Hibbing Taco- 
nite Co. in Minnesota, in addition to 6.29% 
of IOC. Combined ownership of the compa- 
nies in U.S. and Canadian mines was equiv- 
alent to an estimated 18 million tons of 
annual production capacity. 

In Michigan, The Cleveland-Cliffs Iron 
Co. (CCI) operated the Empire and Tilden 
Mines throughout the year. Both mines 
were operated at less than capacity. The 
Republic Mine remained idle. Ownership of 
all three mine ventures was changed by 
yearend. CCI reduced its share of the Em- 
pire Iron Mining Co. to 15% from 60%; 
increased its share of Tilden Mining Co. to 
39% from 20%; and became sole owner of 
the Marquette Iron Mining Partnership, 
which includes the Republic Mine. J&L 
acquired a 35% interest in Empire while 
reducing its share of Tilden to 12% from 
27%. Wheeling-Pittsburgh Steel Corp. 
acquired a 10% interest in Empire and 
reduced its share of Tilden to 4% from 8%. 
Ownership shares of other participating 
companies were unchanged. 

In Wisconsin, the Black River Falls taco- 
nite mine and pelletizing plant were perma- 
nently closed October 28 by Jackson County 
Iron Co., a subsidiary of Inland Steel Co. 
The mine and plant had been idle since 
April 1982. About 275 employees were af- 
fected. Nominal production capacity at 
Black River Falls was 750,000 tons of pellets 
per year. 

In Wyoming and Utah, U.S. Steel an- 
nounced that mines of its Western Ore 
Operations would be permanently closed. 
Although formal closure was scheduled for 
April 1984, mining and pelletizing oper- 
ations at Atlantic City, WY; ended on Octo- 
ber 1, and about 500 employees were laid 


IRON ORE 


off. Production capacity of the plant was 
about 1.7 million tons of pellets per year. 
The company’s direct-shipping ore mines 
near Cedar City, UT, had been idle since 
mid-1982 when all but three employees 
were laid off. Production capacity of these 
mines was estimated at 1.5 million tons per 
year. By the end of October, U.S. Steel’s 
Geneva works at Provo, UT, was being 
supplied with pellets from the Minntac 
Mine in Minnesota. 

In December, the Crane Co. announced 
that blast furnaces of CF&I Steel Corp. at 
Pueblo, CO, would be closed permanently. 
The furnaces had been idle since 1982. 
Although mines were not specifically men- 
tioned, the announcement made it virtually 
certain that CF&I's iron mines in Wyoming 
and Utah would not be reopened. The Sun- 
rise underground mine at Guernsey, WY, 
had been idle since July 1980, and the 
Comstock open pit near Cedar City, UT, had 
been idle since January 1981. Annual pro- 
duction capacity was estimated at 750,000 
tons of concentrates at the Sunrise Mine, 
and 1.5 million tons of direct-shipping ore at 
the Comstock Mine. 

In Missouri, Pea Ridge Iron Ore Co. 
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continued to operate its underground mine 
near Sullivan. After several months of in- 
termittent operation, regular production 
was resumed by March 1983 and continued 
through yearend. The company changed its 
production process by substituting mag- 
nesia-rich olivine for quartz in the pelletiz- 
ing mix. “Olivine pellets," as developed in 
Sweden and tested in European blast fur- 
naces since 1981, were reported to increase 
smelting efficiency in some plants. The 
olivine pellets made at Pea Ridge were 
being tested in blast furnaces of Granite 
City Steel Corp., a division of National Steel 
Corp., in 1983. 

In Texas, Lone Star Steel Co. resumed 
limited production of iron ore in December. 
The company's mines and blast furnace at 
Lone Star had been idle since August 1982. 
In California, Kaiser Steel Corp. continued 
to ship concentrates from stockpiles at Ea- 
gle Mountain to the Fontana steelworks. 
The shipments ended in October when the 
blast furnace was shut down. With termina- 
tion of ironmaking at Fontana, the only 
blast furnaces operating west of the Mis- 
sissippi River at yearend were located at 
Lone Star, TX, and Provo, UT. 


CONSUMPTION 


Consumption of iron ore and agglomer- 
ates increased moderately as demand for 
iron and steel recovered from the low levels 
of 1982. With the number of operating blast 
furnaces rising from 33 to 52 during the 
first quarter, monthly consumption of iron 
ore rose 34% to 5.2 million tons, then av- 
eraged 5.35 million tons during the rest of 
the year. 

Pellets made up a larger share of furnace 
burdens in 1983, accounting for 73% of the 
iron ore and agglomerates charged, com- 
pared with 68% in 1982. Consumption of 
sinter totaled 16.2 million tons, slightly 
more than in 1982, but the proportion of 
sinter in total consumption was less. The 
quantity of natural coarse ore charged di- 
rectly to ironmaking and steelmaking fur- 
naces totaled 2.1 million tons, more than 
50% less than in 1982. The quantity of iron 
ore used in production of sinter also increas- 
ed to 9.6 million tons, although production 
of sinter declined slightly compared with 
that of 1982. These comparisons indicate 
that the average iron content of iron ore 
and agglomerates consumed in 1983 was 


probably higher than that of 1982. Although 
specific data were incompletely reported, 
the average iron content of ore and agglom- 
erates charged to ironmaking and steelmak- 
ing furnaces was estimated at 61% com- 
pared with an estimated 60% in 1982. In 
addition, about 0.2 million tons of manga- 
niferous iron ore was consumed in blast 
furnaces. Of the 61.2 million tons of prima- 
ry ore consumed by the iron and steel 
industry, approximately 68% was of domes- 
tic origin, 19% came from Canada, and 1396 
came from other countries. 

In table 11, the difference in weight 
between iron ore consumed and sinter pro- 
duced is due to elimination of moisture and 
the addition of other materials to the sinter 
mix. Consumption of other materials re- 
ported in sintering plants in 1983, in million 
tons, was as follows: limestone, dolomite, 
and other fluxes, 3.6; mill scale, 2.1; slag, 
1.5; and flue dust, 0.8. Consumption of coke 


breeze was estimated at 1 million tons. 


Consumption of bentonite and coal in iron 
ore pelletizing plants was estimated at 
292,000 tons and 200,000 tons, respectively. 
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STOCKS 


Stocks of iron ore and agglomerates re- 
ported at U.S. mines, docks, and consuming 
plants declined by about 13.5 million tons, 
as producers and consumers sought to re- 
duce inventories and associated carrying 
charges. The drawdown of stocks was about 
twice that of 1982 and accounted for about 
20% of consumption. The increased use of 
stocks in 1983 was mainly responsible for 
the relatively weak increase in mine pro- 
duction, the strong increase in mine ship- 
ments, and the decline of imports, compared 
with those of 1982. Yearend stocks at mines 
and consuming plants were the lowest in 
many years. Stocks reported at U.S. receiv- 
ing docks and consuming plants at yearend 
included 17.7 million tons of domestic ores, 
6 million tons of Canadian ores, and 4.9 
million tons of other foreign ores. 

Total mine stocks reported in tables 1 and 
18 at yearend are not comparable to those 


reported for previous years, owing to reclas- 
sification of some stocks from the usable to 
the byproduct category. This ore was pre- 
viously classified as usable ore because it 
was used for production of iron and steel, 
but owing to its content of objectionable 
impurities, it is no longer likely to be used 
for this purpose; it was therefore reclassi- 
fied as byproduct ore. The change in classifi- 
cation primarily affects mine stocks. Stock 
data for 1982 and previous years were not 
changed to avoid disclosing company propri- 
etary information. 

Mine stocks reported in these tables do 
not include unagglomerated concentrates at 
pelletizing plants because such concentrates 
are considered to be intermediate products. 
Stocks of this material at yearend totaled 
about 900,000 tons compared with 1.3 mil- 
lion tons reported on January 1. 


TRANSPORTATION 


Vessel shipments of iron ore from US 
ports on the upper Great Lakes totaled 41 
million tons, nearly 10 million tons more 
than in 1982. Approximately 90% was des- 
tined for U.S. consumers and the rest was 
destined for Canada. Shipments of iron ore 
from eastern Canada through the St. Law- 
rence Seaway to U.S. ports on the Great 
Lakes during the year were estimated at 6 
million tons. 

Ore shipments from all seven U.S. ports 
on the upper Great Lakes increased from 
the levels of 1982. Increases ranged from 
nearly 4 million tons at Two Harbors to 
231,000 tons at Taconite Harbor. Tonnage 
shipped from each port is shown as follows, 
in thousand long tons: 


Date of Date of 


Total 
Port first last 
shipment shipment tonnage 
Duluth, MN _____ Apr. 4 Dec. 16 6,560 
Two Harbors, MN _ _ Apr. 1 Dec. 28 8,336 
Silver Bay, MN ` Apr. 9 Dec. 21 2,717 
ME arbor, Apr. 2 Dec. 30 3,861 
Superior, WI... r5 Dee, 21 8,668 
Marquette, MI _ _ _ ar. 31 Jan. 3 3,509 
(1984) 
Escanaba, MI ____ Apr. 13 Jan. 2 ,366 
(1984) 
Total: c io lic cae hehe ee E 41,017 


1Excludes 71,000 long tons shipped in Jan. 1984. 


Sources: American Iron Ore Association and various 
issues of Skillings’ Mining Review. 


Efficiency of transportation of iron ore on 
the Great Lakes continued to improve, with 
increased use of larger self-unloading ves- 
sels and improved materials handling sys- 
tems at loading and receiving ports. Con- 
struction of new ship-loading facilities at 
Duluth, MN, was completed in 1983, and 
the first 1,000-foot ore carrier was loaded in 
June. Previously, the largest cargo loaded 
at Duluth was about 31,000 tons, but car- 
goes of up to 62,000 tons were loaded during 
the latter part of the year. The trend toward 
increasing average size of cargoes loaded at 
upper lake ports between 1972 and 1982 is 
as follows, in long tons: 


Average cargo of iron ore 


Port ship 
1972 1982 
Duluth, MN _________ 15,550 22,489 
Two Harbors, MN______ 18,569 49,211 
Silver Bay, MN _______ 17,332 9,007 
Taconite Harbor, MN ... 22,943 24,821 
Superior WI... 18,395 40,191 
Marquette, MI________ 16,734 20,146 
Escanaba, MI ________ 15,699 31,290 


Source: Lake Carriers’ Association annual reports. 


U.S. vessel freight rates for iron ore were 
unchanged from those in effect during 1982. 
Bulk vessel rates to lower lake ports, per 
long ton, were therefore $7.13 from Duluth 
and Superior, $5.75 from Marquette, and 
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$5.42 from Escanaba. The basic rate from 
Escanaba to lower Lake Michigan ports 
remained at $4.28. The vessel freight rate 
from the Gulf of St. Lawrence to Lake Erie 
ports remained at $3.01 per ton, but toll 
charges on the St. Lawrence Seaway be- 
tween Montreal and Lake Erie increased by 
9 cents in 1983 to $1.24 per ton. 

Published railway freight rates for pellets 
from mines to shipping ports increased by 
7% to 11% in Michigan and by about 6% in 
Minnesota compared with rates in 1982. 
The volume rate for pellets from the Mar- 
quette Range to Escanaba was $2.52 per 
long ton, while the rate from the western 
Mesabi Range to Duluth-Superior was $4.85 
per ton. Volume rates from Lake Erie ports 
to the Pittsburgh and Wheeling districts 
increased about 14% to $10.14 per ton, but 
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the rate from Toledo to Middletown was 


unchanged at $7.14 per ton. All-rail freight 


rates to major consuming districts from the 
Marquette and Mesabi Ranges, and from 
east and gulf coast ports, were unchanged. 
Volume rates from Michigan and Minneso- 
ta to Chicago and Granite City were $12 to 
$13 per ton. Storage charges for pellets at 
upper lake ports increased by 6% to 24%, 


while handling charges to lower lake ports 


increased only slightly, and some dockage 
charges for self-unloading vessels were 
sharply reduced. | 

Published ocean freight rates for iron ore, 
from eastern Canada to U.S. ports north of 
Hatteras were $3.50 to $3.75 per ton, but 
actual rates paid appeared to range from 
$1.75 to $2.75 per ton. Some shipments from 
Brazil were reported at about $5 per ton. 


PRICES ` 


Published prices for Lake Superior iron 
ore pellets remained at the levels establish- 


ed in early 1982. The price of pellets there- : 


fore ranged from 80.5 to 86.9 cents per long 
ton unit (ltu) of iron, natural, delivered rail- 
of-vessel at lower lake ports, with four 
producers quoting the higher price and 
Pickands Mather quoting the lower price. 
The range in unit price was equivalent to 
approximately $50.71 to $54.75 per long ton 
for pellets containing 63% iron. 

Effective August 1, J&L reduced its prices 


for Mesabi non-Bessemer ore to $30.03 per - 


long ton of coarse ore and $31.53 for fines. 
The new prices represented declines of 7.7% 
and 346, respectively, compared with the 
previously published price of $32.53, and it 
was the first time that the price of fines was 
higher than the price of coarse ore of this 
grade. The price change appeared to be of 
little significance, however, because the 
market for Mesabi non-Bessemer ore was 
largely restricted to J&L's own plants. U.S. 
Steel and CCI continued to list prices for 
this grade of ore at the 1981 levels of $32.53 
and $32.25 per long ton, respectively, al- 
though neither company produced it in 
1983. The published price of other Lake 
Superior ores, including Old Range non- 
. Bessemer and manganiferous grades, re- 
mained at $32.78 per gross ton, but no 
production was reported. As the prices of 
Lake Superior ore, other than pellets, are 
based on a natural iron content of 51.5%, 
delivered prices of the ores mentioned above 
ranged from 58.31 to 63.65 cents per ltu in 
1983. d 


The average f.o.b. mine value of usable 
ore shipped from domestic mines was esti- 
mated at $43.61 per long ton, equivalent to 
about 68.8 cents per ltu of iron. This was 
about 5% higher than the average value in 
1982, as pellets made up a larger share of 
production in 1983. Average values are 
principally based on producers' statements 
and should approximate the average com- 
mercial selling price less the cost of mine-to- 
market transportation. Because pellets now 
comprise more than 90% of usable ore 
shipments, the average value is not repre- 
sentative of other products such as concen- 
trates and direct-shipping ore. Average 
f.o.b. mine value of the latter products in 
1983 was about $21 per long ton. | 

Prices for most Canadian and other for- 
eign ores marketed in the United States in 
1983 were not available. The published 
price of Wabush pellets, f.o.b. Pointe Noire, ` 
Quebec, remained unchanged at 63.5 cents ` 
per ltu, equivalent to about $40.60 per long 
ton. The average f.o.b. value of all Canadian 
ores imported by the United States, as 
determined from data compiled by the Bu- 
reau of the Census, was $38.44 per ton. Data 
from the same source indicated average 
f.o.b. values of $18.18 per ton for Liberian 
ores and $23.66 per ton for Brazilian ores. 
Comparable data for Venezuelan ores were 
not determinable, because the statistics in- 
clude some shipments of direct-reduced iron 
(DRD and a large tonnage of iron ore valued 
on a c.i.f. or higher basis. Prices for Canadi- 
an and other foreign ores are usually lower 
than published prices for U.S. Lake Supe- 
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rior ores, partly because foreign ore prices 
are quoted on an f.o.b. basis, whereas U.S. 
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Published prices of DRI, f.o.b. George- 


town, SC; Contrecoeur, Quebec; and Point 


prices include transportation charges to  Lisas, Trinidad, were unchanged from those 


lower lake ports. 


reported in 1982. 


FOREIGN TRADE 


U.S. exports of iron ore increased by 19% 
compared with those of 1982, owing to rising 
demand from the Canadian iron and steel 


industry. Virtually all exports consisted of ` 


pellets shipped on the Great Lakes to Cana- 
dian steel companies that are partners in 
taconite projects in Minnesota and Michi- 
gan. | 

U.S. imports for consumption of iron ore 
declined for the second consecutive year 
and were the lowest in 29 years. The decline 
was partly due to efforts by steel companies 
to reduce the large stocks of ore at U.S. 
mines and consuming plants in the Great 
Lakes region, but it was partly due to 
shutdowns of blast furnaces at some inte- 
grated steel plants in the Southern and 


Eastern United States. The net reduction in 
imports through ports on the east and gulf 
coasts was 2.3 million tons, with the princi- 
pal reductions occurring in the Philadel- 
phia and Mobile districts. Net imports 
through the Great Lakes increased by 1.1 
million tons owing to a large increase in 
shipments through the Cleveland district; 
imports through other districts declined, 
particularly through the Chicago district. 

Imports of iron ore from Venezuela, 
which had ceased in August 1982, were 
resumed in May 1983 following negotiation 
of a new sales contract by the Venezuelan 
producer with U.S. Steel. The contract re- 
quires U.S. Steel to purchase 3 million tons 
of ore per year for 11 years. 


WORLD REVIEW 


World production of iron ore continued to 
decline in 1983 and was the lowest in 11 
years. World trade declined to an estimated 
300 million tons, about 2% less than in 
1982. Although imports of iron ore by Ja- 
pan, the European Communities, and the 
United States declined by a total of about 21 
million tons, world exports fell by only 
about 7 million tons as some exporters were 
able to increase sales to alternative mar- 
kets. Australia was the leading exporter, 
followed by Brazil, with each country re- 
porting exports of more than 70 million 
tons. Japan remained the principal import- 
er, receiving 107 million tons. Reduced de- 
mand for iron ore caused production to 
decline in most of the major producing 
countries. 

World production of iron ore pellets was 
estimated at 157 million tons, about 60% of 
installed capacity. Owing to relatively high 
production costs, competition from lower 
priced lump ore and sinter fines, and gener- 
ally weak demand, many plants were oper- 
ated well below capacity and others were 
closed for most or all of the year. New 
plants were under construction, however, in 
Mexico, Bahrain, India, the U.S.S.R., and 
the Republic of South Africa. 

World production of DRI was estimated 
by Midrex Corp. at 7.7 million tons, approx- 
imately 40% of production capacity. Rela- 


tively low prices for ferrous scrap continued 
to limit production of DRI, but several 
direct-reduction plants were completed and 
others were under construction in at least 
eight countries. These plants are creating a 
sizable market for iron ore containing up- 
wards of 6896 iron and have led to construc- 
tion of special beneficiating plants in sever- 
al countries. Direct-reduction plants con- 
sumed an estimated 12 million tons of ore, 
but the potential market is expected to 
exceed 30 million tons by 1986. 

Most iron ore prices under Japanese and 
West European contracts were reduced by 
11% to 14% compared with prices in 1982. 
The 1983 prices, f.o.b. per ltu of contained 
iron, ranged from about 22 to 31 cents for 
sinter fines, 26 to 34 cents for lump ore, 35 
to 45 cents for pellets, and 22 to 23 cents for 
pellet fines. 

Ocean freight rates remained low. Rates 
for spot charterings, as published by various 
sources, indicated the following ranges, per 
ton: for shipments to Western Europe from 
Brazil, $5.75 to $6.50 for cargoes of 50,000 to 
65,000 tons, and $4.50 to $6.00 for cargoes of 
80,000 to 155,000 tons; from eastern Canada, 
$3.00 to $4.25 for cargoes of 100,000 to 
160,000 tons; from Norway, $1.75 to $2.30 
for 90,000 to 100,000 tons; and from Austral- 
ia, $6.50 to $8.75 for 100,000 to 150,000 tons. 
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Rates for cargoes destined for Japan ranged 
between $7 and $9 for 130,000 to 150,000 
tons from Brazil and eastern Canada, and 
from $5.25 to $6 for 220,000 tons from 
Brazil. Rates of $5 to $6 were reported for 
shipments of 100,000 to 150,000 tons from 
Australia to the Republic of Korea. 

Australia.—A sharp decline in production 
appeared to be caused mainly by strikes, 
which affected the two largest producing 
companies during the summer, but declin- 
ing domestic demand and large stocks of ore 
were also contributing factors. Production 
by Mt. Newman Iron Ore Pty. Ltd. declined 
by 34%, and that by Hamersley Iron Pty. 
Ltd. was 11% less than in 1982. Production 
by company was as follows, in million tons: 
Hamersley, 29.4; Mt. Newman, 18.4; Cliffs 
Robe River Iron Associates, 12.9; The Bro- 
ken Hill Pty. Co. Ltd. (BHP), 5.1; and 
Savage River Mines, 2.2. Production by 
Goldsworthy Mining Ltd. was estimated at 
4.5 million tons. 

Exports of Australian ore to Japan declin- 
ed, but shipments increased to other coun- 
tries in the Far East and also to Western 
Europe, compared with those of 1982. Ex- 
ports totaled 73.1 million tons. Domestic 
consumption declined about 15% to less 
than 8 million tons. 

BHP closed the Koolyanobbing Mine in 
August. The company also announced plans 
to purchase Utah International Inc. from 
the General Electric Co. Utah Internation- 
al’s iron ore interests include one-third of 
Goldsworthy Mining, 49% of Samarco Min- 
eracáo S.A. in Brazil, and a majority share 
of Waipipi Iron Sands Ltd. in New Zealand. 

Port facilities in Western Australia were 
being improved by the Hamersley, Mt. New- 
man, and Robe River companies, to permit 
loading larger cargoes of iron ore for export. 
At Dampier, Hamersley’s project at East 
Intercourse Island was completed in 1983, 
and a cargo of 196,000 tons was loaded in 
December. Robe River’s project at Port 
Walcott and Mt. Newman’s project at Port 
Hedland were expected to be completed in 
1984. 

Brazil.—Production and exports of iron 
ore declined owing to reduced shipments to 
Japan and Western Europe compared with 
those of 1982. By yearend, however, exports 
had risen to an estimated 71 million tons, 
only slightly less than in 1982, as shipments 
to Eastern Europe were increased by 60% to 
more than 7 million tons. 

Consumption of iron ore in Brazil was 
estimated at 16.5 million tons, about 25% 
more than in 1982. Part of the increase was 
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due to completion of a new steelworks by 
Cia. Siderúrgica de Tubaráo (CST) in 1983. 
Cia. Vale do Rio Doce (CVRD) contracted to 
supply CST with 48 million tons of ore 
during a period of 10 years. The ore will be 
produced at the Capanema Mine, which 
began production in 1982, and the Timbope- 
ba Mine, which was expected to begin pro- 
duction in 1984. 

CVRD's Carajás project in northern Bra- 
zil was reported to be 53% completed in 
1983. Production of iron ore at Carajás was 
expected to begin in 1986 at the rate of 15 
million tons per year. Production capacity 
of 35 million tons per year was scheduled to 
be available in 1988. 

Brazilian production of iron ore in 1983 
included an estimated 14 million tons of 
pellets, most of which were produced at 
Tubaráo by CVRD in joint ventures with 
Japanese, Italian, and Spanish companies. 
Production of pellets by Ferteco Mineracáo 
S.A. in Minas Gerais was 2.5 million tons, 
and Samarco produced 1.8 million tons at 
Ponta Ubu. 

Iron ore shipments by Brazilian produc- 


‘ers were as follows, in million tons: CVRD, 


52.4; Mineracoes Brasileiras Reunidas S.A., 
12.3; Ferteco, 8.8; S.A. Mineracáo da Trin- 
dade, 6.5; Samarco, 4.4; Cia. Siderürgica 
Nacional, 4.0; and Wm. H. Müller S.A., 0.6. 

Canada.— Production and exports of iron 
ore were slightly less than in 1982 as de- 
mand from the United States and Western 
Europe remained low. Canadian consump- 
tion increased to about 14 million tons, of 
which about 25% was imported from the 
United States. 

Owing to weak export demand, most Ca- 
nadian mines suspended operations for 1 to 
3 months in the last half of the year, and 
about 1,800 employees were laid off by 
yearend. Total output of iron ore was esti- 
mated at about 55% of production capacity. 
Shipments of iron ore products, by produc- 
er, were as follows, in million tons: IOC, 13.5 
including 6.7 of pellets, 5.5 of concentrates, 
and 1.3 of direct-shipping ore; Quebec Car- 
tier Mining Co., 6.8 including 6.4 of concen- 
trates from Mount Wright; Pickands Math- 
er, 0.9 of pellets including 5.1 from Wabush 
Mines; Sidbec-Normines Inc., 3.5 of pellets 
including about 0.3 of low-silica pellets; 
Dofasco, 1.6 of pellets from the Adams and 
Sherman Mines; The Algoma Steel Corp. 
Ltd., 1.2 of sinter from Wawa; and Falcon- 
bridge Ltd., 0.5 from the Wesfrob Mine. Inco 
Ltd. shipped about 152,000 tons of pellets 
from its stockpile at Sudbury. 
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The Wesfrob Mine at Tasu, British Co- 
lumbia, was closed October 5 owing to 
exhaustion of economic ore reserves. About 
135 employees were affected. IOC’s concen- 
trator and pelletizing plant at Sept-Iles 
remained idle as did Stelco Inc.’s direct- 
reduction plant at Bruce Lake. Sidbec-Dosco 
Inc. produced 588,000 tons of DRI at Contre- 
coeur. Owing to financial losses, the com- 
mercial viability of Sidbec-Normines was 
being reviewed by the Quebec government, 
which owns a controlling interest in the 
company. Borealis Exploration Ltd. con- 
tinued development work on magnetite de- 
posits of the Melville Peninsula in North- 
west Territories. Tests conducted on Mel- 
ville ore at the Ontario Research Founda- 
tion indicated that concentrates containing 
71% iron could be produced by magnetic 
separation. 

_ Chile.—Shipments of iron ore products by 
Cia. Minera del Pacifico S.A. in 1983 totaled 
5.5 million tons including 2.9 million tons of 
pellets and 1.5 million tons of lump ore. 
Exports to Japan totaled 4.6 million tons, 
and the remainder was shipped for con- 
sumption at Huachipato. 

China.—The Chinese Government was 
considering direct investment in the Aus- 
tralian iron ore industry. Interest was indi- 
cated in high-grade deposits that have not 
yet been developed. China imported about 3 
million tons of iron ore from Australia in 
1983. 

Egypt.—A contract for construction of a 
Midrex direct-reduction plant at El-Dikhei- 
la was awarded to Kobe Steel Ltd. of Japan 
by the Alexandria National Steel Co. An 
electric steelworks will also be built. Both 
plants were to be completed by 1987. Loans 
for the project included $165 million from 


the International Bank for Reconstruction 


and Development (World Bank) and $102 
million from the International Finance 
Corp. 

European Communities (EC).—Iron ore 
production, trade, and consumption in the 
EC continued to decline. Compared with 
that of 1982, production declined by 19% 
while imports from other countries declined 
by about 8% to an estimated 89 million 
tons. The decline in EC consumption, as 
estimated from production of pig iron, was 
only 3% because consumption increased in 
some member countries, notably the United 
Kingdom. Compared with 1979 levels, how- 
ever, EC production of iron ore in 1983 
declined by 21 million tons, imports of ore 
declined by 36 million tons, and consump- 
tion declined by an estimated 40 million 
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tons. 

Imports of iron ore from overseas sources 
by EC countries were as follows, in million 
tons: about 35 by the Federal Republic of 
Germany, 15 by Italy, 13 by the United 
Kingdom, 12 by Belgium-Luxembourg, 10 
by France, and 5 by the Netherlands. 
France exported about 5 million tons of iron 
ore from the Lorraine district to Belgium- 
Luxembourg, but shipments to the Federal 
Republic of Germany stopped. 

India.—Exports of iron ore totaled about 
20.3 million tons, about 3.6 million tons less 
than in 1982, as shipments were reduced to 
Japan and Romania. Exports included 10.8 
million tons from Goa, 5.7 million tons by 
the National Mineral Development Corp. 
Ltd. (NMDC) from the Bailadila and Doni- 
malai Mines, and 1.3 million tons by Kud- 
remukh Iron Ore Co. Ltd. The Kudremukh 
pelletizing plant was scheduled for comple- 
tion in mid-1984; meanwhile, the company 
was exporting concentrates mainly to coun- 
tries in Eastern Europe. 

NMDC was preparing the Bailadila No. 
11-C Mine to supplement and eventually 
replace production from Bailadila No. 14. 
Production capacity of the No. 11-C Mine is 
to be about 3.2 million tons annually of ore 
consisting of 45% lump and 55% fines. At 
Bailadila No. 5, the company was installing 
handling facilities to process 2 million tons 
of ore fines per year for domestic consump- 
tion and export. 

The coal-based direct-reduction plant at 
Orissa Sponge Iron Ltd. was completed and 
began operating in March. The plant was 
designed by Allis-Chalmers Corp. and has a 
production capacity of 150,000 tons per 
year. | 

Indonesia.—P.T. Krakatau Steel, which 
operates a large direct-reduction plant at 
Cilegon, contracted with Luossavaara Kiir- 
unavaara AB (LKAB) of Sweden for a sup- 
ply of about 700,000 tons of iron ore pellets 
per year for 5 years beginning in 1984. 

Japan.—Imports of iron ore totaled 107.5 
million tons in 1983, about 12 million tons 
less than in 1982. Imports included 49 
million tons from Australia, 23 million tons 
from Brazil, and 14.5 million tons from 
India. Consumption of imported ore was 
estimated at about 103 million tons includ- 
ing 9.6 million tons of pellets. Japanese 
long-term contracts with foreign iron ore 
producers covered about 780 million tons of 
ore from 1984 through 1992. 

Korea, Republic of.—In 1983, Pohang 


Iron and Steel Co. Ltd. began construction 
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of port facilities for an integrated steel- 
works at Kwangyang. A blast furnace was 
ordered, and a 4.3-million-ton-per-year 
sintering plant was scheduled to be built by 
1987. The new plant could increase Korean 
import requirements to 15 million tons of 
iron ore annually by 1988. Imports and 
consumption of iron ore in 1983 were esti- 
mated at 10 million tons and 11 million 
tons, respectively. 

Liberia.—Production and exports of iron 
ore continued to decline. Shipments by 
producers were as follows, in million tons: 
Bong Mining Co., 7.6 including 2.85 of pel- 
lets; Lamco Joint Venture (LJV), 6.8; and 
National Iron Ore Co. Ltd., 1.1. 

Poor market conditions and rising costs 
forced LJV to reduce operating levels and to 
lay off one-third of its employees. Both LJV 
and Bong expected ore reserves at present 
mining locations to be exhausted by 1988. In 
1988, a study funded by the EC examined 
the feasibility of integrating operations of 
LJV and Bong, using Bong’s concentrating 
plant to process crude ore mined from 
LJV’s western concession areas. The conclu- 
sion was that the cost would probably be too 
high. 

Malaysia.—Construction of two direct- 
reduction plants was continued. On Labuan 
Island, Sabah Gas Industries Sdn. Bhd. 
(SGD expected to begin production of DRI in 
early 1984. The plant will have a production 
capacity of 640,000 tons of briquets per year, 
intended primarily for export. SGI con- 
tracted with CVRD of Brazil for a supply of 
about 300,000 tons of iron ore per year for 5 
years. | 
. At Trengganu, on the east coast of the 
Malay Peninsula, a reduction plant being 
built for Heavy Industries Corp. of Malaysia 
Bhd. was scheduled for completion in 1985. 
Production capacity of this plant is to be 
about 590,000 tons of DRI per year. 

Mexico.—Construction of iron ore con- 
centrating and pelletizing plants was con- 
tinued. In northern Mexico, a 3-million-ton- 
per-year pelletizing plant was completed at 
Monclova. This plant will receive concen- 
trates by pipeline from La Perla, where a 
new concentrator was completed in 1982, 
and from the Hercules Mine where a new 
concentrator was under construction. The 
first shipment of concentrates by pipeline 
from La Perla took place in May 1983. 

In Michoacán, several plants were ex- 
pected to be completed in 1984 as part of the 
second stage of expansion of the steelworks 
at Lázaro Cárdenas. The plants include an 
iron ore concentrator at Ferrotepec and a 
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large direct-reduction plant and a threefold 
expansion of pelletizing capacity at Lazaro 
Cardenas. 

In Colima, Las Encinas S.A. was increas- 
ing pelletizing capacity at Alzada to 1.8 
million tons per year. In 1983, the company 
shipped 1.5 million tons of pellets to direct- 
reduction plants at Puebla and Monterrey. 

New Zealand.—New Zealand Steel Min- 
ing Ltd. (NZS) was increasing production 
capacity for beach-sand magnetite concen- 
trates to 1.5 million tons per year at Waika- 
to North Head. Increased production was 
intended to supply concentrates to four new 
direct-reduction kilns being built at the 
Glenbrook steelworks. The concentrates 
contain small quantities of vanadium, 
which NZS plans to recover in slag from its 
ironmaking plant. Completion of the mine 
project was scheduled for August 1984. The 
reduction kilns and ironmaking plant were 
expected to be completed in 1985. 

Norway.—Production and exports of iron 
ore increased. A/S Sydvaranger produced 
2.3 million tons of pellets at Kirkenes and 
shipped 2.6 million tons, mostly to EC coun- 
tries. A/S Norsk Jernverk produced 1.05 
million tons of concentrate, exported 0.3 
million tons, and consumed 0.85 million 
tons for production of pig iron. The compa- 
ny began producing special magnetite con- 
centrates containing 71.7% iron, by flota- 
tion. Fosdalens Bergverks-Aktieselskab pro- 
duced 232,000 tons of magnetite concen- 
trates at Malm and exported about 272,000 
tons, largely for use as heavy media in coal 
preparation plants. 

Peru.—Exports of iron ore by Empresa 
Minera del Hierro del Perú (Hierro Perú) 
declined to 4.1 million tons, of which about 
47% was shipped to the Republic of Korea 
and 40% was shipped to Japan. As in 1982, 
sinter fines made up about 58% of exports, 
22% consisted of pellets, and the remainder 
consisted of pellet feed. About 195,000 tons 
was shipped for consumption at Chimbote. 

Sulfide concentrates containing about 
23% copper and small quantities of cobalt 
were being recovered by flotation of fine 
tailings from the magnetite concentrator. 
About 2,150 tons of sulfide concentrates was 
reportedly recovered in 1982. In 1983, a 
$400,000 grant was made to Hierro Perú, 
under the U.S. Trade Development Pro- 
gram, to study the feasibility of recovering 
copper and cobalt. The company will con- 
tribute up to $100,000. The study will be 
made by Bechtel Corp. 

Saudi Arabia.—The second module of a 
Midrex direct-reduction plant was com- 
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pleted at Al Jubail in May for Saudi Iron 
and Steel Co. Production capacity of the 
plant is now about 785,000 tons of DRI per 
year; output in 1983 was about 345,000 tons. 
Imports of iron ore were estimated at 
600,000 tons, mostly from Brazil. 

A pilot beneficiation plant for concentrat- 
ing iron ore from the Wadi Sawawin depos- 
its was being assembled at Al Muwaylih on 
the Red Sea coast. The plant will treat up to 
5 tons of ore per hour, using desalinated 
water and a process of selective flocculation 
and anionic flotation developed by the US 
Bureau of Mines for beneficiation of oxidiz- 
ed taconite in Minnesota. The plant is to 
operate for about 1 year, and if tests are 
successful, a commercial plant may be built 
to produce 1.2 million tons of pellets per 
year. The project is being conducted by 
British Steel Corp. under a contract with 
the Saudi Arabian Government. 

Sierra Leone.—After production of iron 
ore concentrates began at Marampa in late 
1982, exports of about 350,000 tons were 
reported in 1983. Most shipments went to 
the Federal Republic of Germany, France, 
and Austria. The exports were the first 
from Sierra Leone since 1975. 

South Africa, Republic of.—Production 
of iron ore was sharply reduced owing to 
declines of about 40% in exports and 20% in 
local sales compared with 1982 levels. Ex- 
ports were estimated at 7 million tons, 4 
million tons less than in 1982 owing to 
reduced sales to Japan and the EC. Con- 
sumption declined to an estimated 8 million 
tons as several blast furnaces were closed at 
Newcastle and Pretoria by Iscor Ltd. Ship- 
ments of iron ore by Iscor totaled 13.2 
million tons including 10.9 million tons 
from the Sishen Mine and 2.3 million tons 
from the Thabazimbi Mine. Highveld Steel 
and Vanadium Corp. Ltd. reduced produc- 
tion at the Mapochs Mine to about 900,000 
tons, and Associated Manganese Mines of 
South Africa Ltd. shipped 750,000 tons of 
iron ore from mines near Postmasburg. 

One coal-based direct-reduction plant was 
completed and two others were under con- 
struction. Scaw Metals Ltd. began operating 
its 75,000-ton-per-year plant at Germiston, 
in July. Iscor’s 600,000-ton-per-year plant at 
Vanderbijlpark was expected to be complet- 
ed in 1984. Union Steel Corp.’s 250,000-ton 
plasma-arc plant at Vereeniging was sched- 
uled for completion in mid-1985. Iron ore 
pellets for the latter plant will be made 
from byproduct magnetite recovered at the 
Palabora Mine. The pelletizing plant, also 
under construction at Vereeniging, is to 
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have a production capacity of about 600,000 
tons per year. 

Spain.—Iron ore production, trade, and 
consumption declined in 1983. Imports were 
estimated at 3.8 million tons, mostly from 
Brazil and Liberia. Exports were about 1.7 
million tons, including 1.2 million tons by 
Cia. Andaluza de Minas S.A. (CAM) from 
Almeria and 468,000 tons by Cia. Minera de 
Sierra Menera from Sagunto. Spanish con- 
sumption declined about 10% to an esti- 
mated 9.8 million tons. 

Plans to build a pelletizing plant at 
Fregenal de la Sierra in Badajoz appeared 
to have been canceled. Instead, construction 
of a concentrator was proposed for produc- 
tion of sinter fines from crude ore mined at 
the Cala and La Berrona Mines. At Alquife, 
CAM was installing high-intensity magnet- 
ic separators at its Marquesado plant to 
raise iron content of fines to a minimum of 
54% and to reduce alkali content to a 
maximum of 0.4%. At Bodovalle, Altos 
Hornos de Vizcaya S.A. (AHV) produced 1.5 
million tons of siderite concentrates con- 
taining 39.1% iron and 3.7% silica from 2.3 
million tons of crude ore. Concentration was 
by heavy-media and high-intensity magnet- 
ic methods. AHV also produced 322,000 tons 
of oxide ore from mines in Santander and 
Murcia. 

Sweden.—Iron ore shipments increased 
to 17.1 million tons, but production declined 
as producers reduced the large stocks of ore 
that had accumulated in 1982. Stocks were 
reduced 30% to 7.4 million tons by yearend. 
Exports totaled 14.4 million tons in 1983, 
with about 9.7 million tons destined for 
EC countries. About 2.7 million tons was 
shipped for consumption in Sweden. 

LKAB produced 11 million tons of ore 
products including 4.9 million tons of pel- 
lets. Six million tons was produced at Kiru- 
na and 4.8 million tons at Malmberget. The 
mine and pelletizing plant at Svappavaara 
were closed February 1, for an indefinite 
period. Exports by LKAB totaled 12.5 mil- 
lion tons including 3.5 million tons of pel- 
lets. 

In central Sweden, Svenskt Stal AB 
shipped 1.6 million tons of ore products for 
export and 1.1 million tons for local con- 
sumption. About 80% of the total was 
shipped from Grangesberg and the rest was 
shipped from the Dannemora Mine. 

Taiwan.—Imports of iron ore rose to 4.9 
million tons in 1983, as China Steel Corp.’s 
new blast furnace at Kaohsiung was oper- 
ated for the first full year. Production of pig 
iron in Taiwan was 30% more than in 1982. 
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U.S.S.R.—The first of four Midrex direct- 
reduction plants under construction at 
Stary Oskol, near Kursk, was completed 
late in the year. The plant has a production 
capacity of 400,000 tons of DRI per year. 
Earlier in the year, a pelletizing plant was 
completed at the same site. The plant has a 
production capacity of 2.5 million tons of 
pellets per year and was designed to supply 
ore to the four reduction plants. Ore feed for 
the pelletizing plant is to be supplied by 
slurry pipeline from the Lebedi iron ore 
complex, about 15 miles away. Production 
of iron ore concentrates containing 70% 
iron was reportedly underway at the Lebedi 
complex. 

Venezuela.—Shipments of iron ore pro- 
duced by C.V.G. Ferrominera Orinoco C.A. 
declined to about 9.4 million tons. Exports 
were estimated at 6 million tons, of which 
3.8 million tons was shipped to EC countries 
and most of the remainder was shipped to 
the United States and Spain. Consumption 
was estimated at 3.8 million tons. C.V.G. 
Siderúrgica del Orinoco C.A. produced 
about 3.4 million tons of pellets at Matan- 
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zas, from ore fines supplied by Ferrominera. 

Ferrominera continued preparations to 
begin mining at San Isidro in 1985. Ores 
from Cerro Bolivar and San Isidro will be 
blended to reduce the average phosphorus 
content of ore products shipped. Average 
phosphorus content of Cerro Bolivar ore 
mined in 1983 was 0.11%. Ore at San Isidro 
contains about 0.06% phosphorus. 

Zimbabwe.—The Government announced 
that $180 million would be spent to improve 
operations of Zimbabwe Iron and Steel Co. 
Ltd. during the next 3 to 5 years. About one- 
half of this sum was intended for construc- 
tion of a new sinter plant and to increase 
iron ore production from the Ripple Creek 
deposits near Redcliff. Most of the ore now 
smelted at Redcliff comes from the Buchwa 
deposits, about 125 miles to the south; under 
the new plan, Ripple Creek ore would make 
up about 80% of supply. Ore shipments to 
Redcliff in 1983 totaled 1.03 million tons, of 
which 8496 was produced at Buchwa and 
the remainder was produced at Ripple 
Creek. 


TECHNOLOGY 


Economic recessions in the iron ore and 
steel industries reduced funds for research 
and development and delayed many invest- 
ments in new plant and equipment, but 
technological improvements continued to be 
reported from various sectors of the iron ore 
industries in the United States and abroad. 

Continuing trends included increased use 
of flotation and wet high-intensity magnetic 
separation (WHIMS) for production of iron 
ore concentrates, increased use of fine 
screens to upgrade concentrates before pel- 
letizing, installation of heat recuperative 
systems to reduce fuel consumption in pel- 
letizing plants, increasing number of direct- 
reduction plants, improvement of port facil- 
ities to permit loading and unloading of 
larger iron ore carriers, pipeline transport 
of concentrates, and increasing use of com- 
puters for mining and process control. 

Several plants have been built in the last 
few years for production of high-grade hem- 
atite or magnetite concentrates contain- 
ing 69% to 71% iron. Two plants were built 
in Norway, one each in Brazil and the 
U.S.S.R., and a fifth was nearing completion 
in Mexico. Most were expected to supply ore 
to direct-reduction plants. Flotation is 
used for magnetite, with flotation and/or 
WHIMS used for hematite. 


Direct-reduction plants have been built in 
at least 20 countries. Total production ca- 
pacity for DRI was about 19 million tons at 
yearend and another 7 million tons of ca- 
pacity was expected to be completed by 
1986. 

WHIMS is used to concentrate hematite 
or other weakly magnetic iron minerals. In 
addition to the Mexican plant mentioned 
above, WHIMS was being installed at the 
Marquesado plant in Spain and was also 
installed in China by Jiuquan Iron & Steel 
Co. Since 1972, when the first commercial 
WHIMS plant was completed in Brazil, the 
process was installed at iron ore concentra- 
tors in Australia, Canada, Liberia, Spain, 
the U.S.S.R., and the United States, and 
more recently in Norway, Sierra Leone, and 
Mexico. Two plants operating in Brazil have 
a total processing capacity of about 40 
million tons of crude ore per year. The only 
commercial unit operated in the United 
States was installed in 1976 at the Sunrise 
plant in Wyoming, but has not operated 
since 1980 when the mine was closed. 

Beneficiation tests by the Bureau of 
Mines on oxidized taconite from the west- 
ern Mesabi Range indicated that flotation, 
with or without WHIMS, can produce ac- 
ceptable concentrates from this material. 


460 


The Bureau's flotation process will be used 
in a pilot plant in Saudi Arabia (see “World 
Review”). Research on“oxidized taconite was 
continued in 1983. Geology, mineralogy, and 
liberation characteristics were compared 
with results of beneficiation tests. It was 
found that oxidized taconite in which the 
ratio of hematite to goethite was higher 
than 2 to 1, and which contained 1% or less 
of residual magnetite, yielded acceptable 
concentrates. The study concluded that ox- 
idized taconite, selectively mined and bene- 
ficiated, represents a large subeconomic 
resource of recoverable iron.‘ 

At the Minntac concentrator in Minneso- 
ta, fine screening has now been installed on 
most of the plant’s 18 concentrating lines 
and has improved the grade of final concen- 
trate. The use of vibrating sandwich-type 
screens was found to improve metallurgical 
results and to reduce space requirements 
compared to intermittently rapped screens.’ 
Heat recuperation systems were also in- 
stalled that substantially reduced fuel re- 
quirements of the pelletizing kilns. 

At the Tilden concentrator in Michigan, 
consumption of bentonite was reduced to 8 
pounds per long ton of concentrates in 1983, 
compared with 24 pounds in 1975 and 16 
pounds in 1978. The reduction was achieved 
mainly by lowering the moisture content of 
filtered concentrate as fed to the balling 
drums, and partly by switching to bentonite 
having greater capacity to absorb water. 
Current savings per pound of bentonite 
reduction was estimated at $280,000 annu- 
ally, assuming capacity production of 8 
million tons of pellets. In addition to cost 
savings, the drop in bentonite consumption 
since 1976 reduced alkali content by about 
360,000 pounds per million tons of pellets.* 

In 1983, Pea Ridge Iron Ore Co. produced 
olivine pellets, in which magnesian olivine 
was substituted for the silica previously 
added to magnetite concentrate. The pellets 
were tested in blast furnaces of Granite City 
Steel Corp. Although detailed results were 
not available, the pellet producer stated’ 
that use of the pellets contributed to lower 
carbon consumption in the blast furnace, 
and that the use of olivine improved low- 
temperature breakdown and intermediate 
reduction properties of the pellets without 
significantly affecting efficiency of pellet 
production. Olivine pellets were developed 
in Sweden in 1981. In subsequent tests at 
several European blast furnaces, use of 
pellets was reported to have increased out- 
put of pig iron by up to 2.9% and to have 
reduced consumption of coke by up to 14 
kilograms per metric ton of hot metal. Test 
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results at some furnaces were inconclusive, 
and an increase in coke consumption was 
reported at one furnace.* 

Plasma technology will be used on the 
Mesabi Range to test the feasibility of 
producing iron directly from taconite con- 
centrates. Pilot plant tests will be made by 
Pickands Mather at its Hibbing laboratory, 
with plasma technology supplied by West- 
inghouse Electric Corp. and electricity sup- 
plied by Minnesota Power. A loan of $1.38 
million was granted for the project by the 
Iron Range Resources & Rehabilitation 
Board. Completion of testing was expected 
by late 1984. If the tests are successful, 
plans are to build a demonstration plant 
with production capacity of 100,000 tons of 
iron per year. Plasma technology was being 
installed in a reduction plant in the Repub- 
lic of South Africa, and its possible use was 
being studied in Canada, Yugoslavia, and 
other countries because it permits flexibili- 
ty in the choice of fuel, iron ore feed, and 
the type of iron produced. These advantages 
may offset relatively high requirements for 
electricity. 

Drastic modifications of the Reserve con- 
centrator at Silver Bay, MN, including in- 
troduction of dry cobbing, flotation, and fine 
screening sections, as well as a new system 
of tailings disposal, greatly increased proc- 
ess complexity and the need for monitoring 
and centralized control. This was achieved 
by the use of computers, through a distrib- 
uted control system based on a network of 
independent control systems connected to a 
central control room. Through centralized 
display, personnel requirements to monitor 
operations are minimized. New process con- 
trols are designed to maintain final iron 
content of concentrate to within plus or 
minus 0.25%.? 


1Physical scientist, Division of Ferrous Metals. 

2Unless otherwise specified, the unit of weight used in 
this chapter is the long ton of 2,240 pounds. 

3Reported in 1982 chapter: as 3.01 tons; revised after 
publication when one producer indicated that production 
of crude ore in 1982 was 3.3 million tons greater than 
originally repo repo 
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Table 3.—Crude iron ore! mined in the United States in 1983, by district, 
State, and mining method 


(Thousand long tons and exclusive of ore containing 5% or more manganese) 


District and State Open pit i und Here 

Lake Superior: 
Re ee ee ee E Ss 84416 
POs e t€ rum coa ue ptu ei i eA i E eicit EM dee A peus Deor Lese 111,570 SEH 111,570 
DE Ricco Mo tore LI Mu S AT LE Mu rp E EA Oir S EM 1,288 1,288 
Other oi e uhi A LAE eL E se a 2,616 EM 2,676 
EE 2,676 1,288 3,963 
Grand tóta? eL Boe ee REDE 114,246 1,288 115,534 

1Excludes byproduct ore. 


2Data may not add to totals shown because of independent rounding. 
3Includes California, Montana, Nevada, Texas, and Wyoming. 


Table 4.—Crude iron ore! mined in the United States in 1983, by district, 
State, and variety 


(Thousand long tons and exclusive of ore containing 596 or more manganese unless otherwise specified) 


"TV Number Ee ca Total 
District and State E UA Hematite ^ Limonite? Magnetite quantity? 
Lake Superior: 
Michigan «ncm 2 11,121 T 16,033 21,154 
Minnesota_ --------------------——- 9 1,462 "m 82,954 84,416 
TOR o A en et 11 12,583 ees 98,987 111,570 
Other States 
Missouri_ -—-----------------—-—-——— 1 GL --— 1,288 1,288 
Other*s oo e e nie ee siio 8 429 W 2,246 2,676 
Total?! ota dota a tC er te 9 429 W 8,534 3,963 
Grandtotal? |... Le 20 13,013 W 102,521 115,534 
W Withheld to avoid disclosing company proprietary data; included with “Hematite.” 
1Excludes byproduct ore. 
2Includes siderite ore. 


3Data may not add to totals shown because of independent rounding. 
“Includes California, Montana, Nevada, Texas, and Wyoming. 
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Table 5.—Usable iron ore! produced in the United States in 1983, 


by district, State, and variety 


(Thousand long tons and exclusive of ore containing 5% or more manganese) 


District and State Hematite  Limonite? 

Lake Superior: 
Michigan Eent ie eee Ea 4,331 . zin 
Minnesota _________________________ LLL Lee 865 mt 
Total? iu cete oe a it o E Merc eM cio as 5,195 SS 

Other States: 

Missouri -222222222222 Sg So 
Other -2222222222222222 204 W 
NN HEEN 204 W 
Grand total? 22222 5,399 W 


W Withheld to avoid disclosing company proprietary data; included with “Hematite.” 
1Includes byproduct ore. 

2Includes siderite ore. 

3Data may not add to totals shown because of independent rounding. 

“Includes California, Montana, Nevada, New York, Texas, and Wyoming. 


Magnetite 


9,008 
20,990 


30,399 


801 
963 


1,764 
32,162 


Table 6.—Usable iron ore! produced in the United States in 1983, 


by district, State, and type of product 


(Exclusive of ore containing 5% or more manganese) 


Direct- 
shipping Concentrates 
District and State (th ae? d iens nd 
long tons) 
tons) 
Lake Superior: 
Michigan hos ununi ed E Ei te Sch DE 
Minnesota -- e i ee T E 865 
Total or average ______________~_______ coc a 865 
Other States: 
Missouri e EN 58 
Ehe 41 276 
Total or average _____________~___________ 41 334 
Grand total or average |. 5c 41 1,199 
Includes byproduct ore. 


2Includes California, Montana, Nevada, New York, Texas, and Wyoming. 


Agglomer- 
ates 
(thousand 


long 
tons) 


9,339 
25,390 


34,729 
142 
850 

1,592 

36,321 


463 


Total 
quantity? 


9,339 
26,255 
35,094 


801 
1,167 


1,968 
31,562 


Average 
iron 
content 
(natural), 
percent 
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Table 8.—Usable iron ore produced in the U.S. Lake Superior district, by range 


(Thousand long tons and exclusive after 1905 of ore containing 5% or more manganese) 


Black 
Mar- Menom- . Ver- š Spring : | 1 
Year quette inee Gogebic  milion  Mesabi  Cuyuna Valley ne Total 
1854-1976 ____._--_ 458,786 320,467 820,834 108,528 8,096,258 70,836 8,149 5,871 4,878,722 
ISTIS ai de ia 9,800 2,520 m d 30,943 MOT on 690 3,952 
198 EE 14,472 2,280 e SE 55,316 n EE 660 72,121 
hut GEES 15,100 2,0 82 SS m 59,820 . _L_ SN 698 11,151 
1980 ul 14,450 1,970 EE SE 45,162 Së Se 699 62,282 
I98]. ne 15,508 75 SS EMO 51,025 SEN MN 854 67,462 
e AAA 6,874 ee am s 23,898 NN DS 241 81,018 
1988. e etu 9,989 um SCH bt 26, 255 urs En ne 35,594 
Total oca 589,829 329,344 320,834 103,528 3,388,172 70,336 8,149 9,713 4,768,908 


¡Data may not add to totals shown because of independent rounding. 


Table 9.— Average nnam of total tonnage’ of all grades of iron ore shipped from 
the U.S. Lake Superior district 


uantity . . Content (percent? 
Year (thousand | 

long tons) Iron Phosphorus Silica Manganese Alumina Moisture 
E az ec 77,887 62.55 0.081 6.24 0.22 0.85 2.61 
1980 2. ee tee 61,686 62.98 028 5.88 18 82 2.57 
(RE 64,925 68.18 020 5.70 17 .90 2.59 
1982 2. 82,178 68.50 .018 5.40 18 EN 2.60 
1988. eh ot 42,418 63.32 .018 5.35 12 .29 2.64 


¡Railroad weight—gross tons. 
"Iron and moisture on natural basis; phosphorus, silica, manganese, and alumina on dried basis. 


Source: American Iron Ore Association. 


Table 10.—U.S. consumption of iron ore and agglomerates in 1983, by State 
(Thousand long tons and exclusive of ore containing 5% or more manganese) 


Iron ore and Agglomerates? 


diste concentrates’ Miscella- Total 
Blast Steel Blast Stee] neous? reportable“ 
furnace furnace furnace furnace 

Alabama, Kentucky, Texas -______-_ W W W W W W 
California, Colorado, Utah______.___ W W W TUE W W 
Illinois, Indiana, Michigan ........ 56 ze 33,082 W W 33,138 
Maryland, New York, Pennsylvania. _ _ 1,543 82 13,389 91 W 15,107 
Ohio and West Virginia __________ 1,794 W 14,334 W W 16,128 
Undistributed |... 482 11 4,923 4 835 6,256 
d KENNEN 3,876 94 65,727 96 835 70,629 


W Withheld to avoid disclosing company proprietary data; included with “Undistributed.” 
1Excludes pellets or other agglomerated products. 
Bb d ieri ,849,216 long tons of pellets produced at U.S. mines and 5,737,369 long tons of foreign pellets and other 
omera 
"SF includes i iron ore consumed in production of cement and direct-reduced iron, and iron ore shipped for use in 
manufacturing paint, ferrites, heavy media, cattle feed, refractory and weighting materials, and lead blast furnaces. 
4Data may not add to totals shown because of independent rounding. 
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Table 11.—Iron ore consumed in production of sinter at iron and steel plants in the 
United States in 1983, by State 


(Thousand long tons) 


Alabama, Kentucky, Texas. - -—---------------—- 
California, Colorado, Utah _________________---- 
Illinois, Indiana, Michigan - - - - ---------------—--— 
Maryland, New York, Pennsylvania ______________ _ 
Ohio and West Virginia --------------------—-— 
Undistributed cota ee ez 


Iron ore Sinter 
consumed? produced 
aNd Spt al eee ee cane W W 
to E RR EN W W 
la ele te scare E 3,501 7,364 
dee 4,250 5,731 
EE 898 1,618 
Kee 968 1,147 
EE 9,616 15,859 


W Withheld to avoid disclosing company proprietary data; included with “Undistributed.” 


1Includes domestic and foreign ores. 


2Data may not add to totals shown because of independent rounding. 


Table 12.—Beneficiated iron ore! shipped 
from mines in the United States 


(Exclusive of ore containing 5% or more manganese) 


Beneficiated . Total po eire 
Year ore ar? ciated ore 
(thousand (thousand tototal 
long tons) long tons) (percent) 
1979 AA 84,489 86,130 98.1 
1980______ 68,272 69,562 98.1 
1981 000 ss 71,169 72,181 98.6 
1982______ 35,381 35,756 99.0 
1988 ______ 44,430 44,596 99.6 


1Beneficiated by further treatment than ordinary crush- 
me ene screening. Excludes byproduct ore in 1979 and 
1980. 


Table 14.— Production! of iron ore 
agglomerates in the United States, by type 


(Thousand long tons) 
Agglomerates produced 
1982 1983 
Sinter eege 216,200 315,859 
Pellets- -—-—---------- 32,775 36,291 
Total- mai 48,975 452,151 


1Production at mines and consuming plants. 

2Includes 7,536,459 long tons of self-fluxing sinter. 

SIncludes 7,982,969 long tons of self-fluxing sinter. 

*Data do not add to total shown because of independent 
rounding. 


Table 13.—Stocks of usable iron ore! at 
U.S. mines, December 31, by district 


(Thousand long tons) 
District 1982 1983 
De nu n d. . dus 
Total 2235 t lo 12,129 23,209 
1Excludes byproduct ore. 


ese stocks are not comparable to those of previous 
years owing to the reclassification of some stocks from the 
usable to the byproduct category. 


Table 15.—Average value of usable iron 
ore! shipped from mines or beneficiating 
plants in the United States in 1983 


(Dollars per long ton) 
Lake Superior Other 
Type of ore district States? 
Direct-shipping ------- W 13.54 
Concentrates. 17.70 23.58 
Pellets_____________ 45.44 34.37 


Dë Withheld to avoid disclosing company proprietary 
ta 


1F ob mine or plant. Excludes byproduct ore. 
2Includes California, Colorado, Missouri, Montana, 
Nevada, Texas, Utah, and Wyoming. 
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Table 16.—U.S. exports of iron ore, by country 


(Thousand long tons and thousand dollars) 


1981 1982 1983 
Country AAA > oO 
Quantity Value Quantity Value Quantity Value 
Canada. ---------------—-- 5,529 243,521 3,173 150,200 3,780 182,490 
REN (1) 2 (1) 6 (1) 6 
Germany, Federal Republic of _ _ _ _ (1) 3 3 ES (2) 1 
Japan e e (1) 2 m ue = i 
Mexico `- --------------—- 11 720 1 67 (1) 4 
Norway- --------------——- (1) 59 T e a "T 
TAIWAN 620 ao S Wi ES (2) 1 E 
United Kingdom |... (1) 21 (7) 21. (1) 5 
Others <= 5 351 3 227 1 239 
Total? 2222222 2 s 5,546 244,685 3,178 150,522 3,781 182,744 
1Less than 1/2 unit. 


2Data may not add to totals shown because of independent rounding. 


Table 17.—U.S. imports for consumption of iron ore, by country 
(Thousand long tons and thousand dollars) 


1981 1982 1983 
Country SSS ee NE E E V ——— Á———— 
Quantity Value Quantity Value Quantity Value 
Australias ee Se D — (1) 4 ae: Sir 
Brazil. o o 1,738 52,267 972 26,339 1,276 30,192 
Canada 222 LLL sn 18,845 ` 707,974 9,281 359,708 8,832 339,472 
Chess coe ser ce RU 342 6,329 47 673 Ec ae 
Liberia se ee lo 2,160 35,505 2,399 43,036 1,732 31,487 
Per nl he ih ie i 77 2,402 35 1,057 (1) 5 
South Africa, Republic of ------- m ret 52 1,083 ce he 
Sweden_________________ - 87 2,318 71 2,171 68 1,540 
Venezuela _______________- 5,071 140,931 21,643 236,768 31,333 342,934 
Other to o a ee 8 251 (1) 7 5 102 
d KEE 28,328 947,977 14,501 470,847 13,246 445,731 
1Less than 1/2 unit. 


2Excludes approximately 175,000 long tons of direct-reduced iron valued at $24,000,000, originally reported as iron ore. 
3Excludes approximately 82,000 long tons of sponge iron valued at $6,516,000, originally reported as iron ore. 
*Data may not add to totals shown because of independent rounding. 


Table 18.—U.S. imports for consumption of iron ore, by customs district 
(Thousand long tons and thousand dollars) 


1981 1982 1983 
Customs district ————— Á————————— E _ ______ _—_ — 
Quantity Value Quantity Value Quantity Value 

Baltimore _______________~_ 5,421 212,960 3,451 118,425 3,062 63,216 
Buffalo. mm 629 13,096 299 5,791 195 8,862 
Chicago- oidos ri a a tt 3,854 128,320 2,667 91,454 1,625 52,357 
Cleveland ________________ 4,995 179,616 2,087 77,001 4,491 179,771 
Detroit -— R2 accedi em 765 25,303 228 4,873 182 4,480 
Galveston ________~________ 123 2,579 SES SES a BS 
Houston `... 775 30,809 376 14,654 37 1,169 
Mobile ceca tas 3,847 131,445 1,278 49,584 : 525 25,778 
New Orleans ` 237 5,177 423 9,915 573 12,369 
Philadelphia - - ------------ 7,218 203,969 3,497 92,002 2,463 93,963 
Wilmington, NC ____________ 425 13,428 76 2,949 Dx 


Other —__—--------_______ 38 1,275 118 4,198 91 3,768 
Totali!_________________ 28,328 947,977 14,501 470,847 13,246 445,731 


1Data may not add to totals shown because of independent rounding. 
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Iron Oxide Pigments 


By William I. Spinrad, Jr.’ 


U.S. mine production, shipments, and 
value of crude iron oxide pigments decreas- 
ed in 1983, while total domestic shipments 
and value of finished iron oxides and iron 
oxides from steel plant wastes increased 
compared with those of 1982. Synthetic iron 
oxides, which comprised 63% of all iron 
oxides shipped, experienced increases in all 
grades of material. Most domestic producers 
of finished iron oxide pigments experienced 
increases in shipments, while one produced 
no iron oxide pigments. Columbian Chemi- 
cals Co. was sold by Cities Service Co. to 
Consolidated Mining and Industries Co., 
and E. I. du Pont de Nemours & Co. an- 
nounced plans to sell its iron oxide facility 
in Newark, NJ, to Heubach Inc. 

Consumption of iron oxide pigments con- 
tinued to be greatest in paint and coatings 
followed, in order of ranking, by construc- 
tion materials; colorants for plastics, rub- 
ber, paper, textiles, glass, and ceramics; 
ferrites and other magnetic and electronic 
applications; animal feed and fertilizers; 
and other varied end uses. 

Domestic list prices for iron oxides re- 
mained stable for the first three quarters of 
the year, with price increases taking effect 
in the fourth quarter to counter inflation- 
ary costs in raw materials, labor, and ener- 


gy. 


U.S. imports for consumption of selected 
iron oxide pigments and U.S. exports of 
pigment-grade iron oxides and hydroxides 
increased over 1982 levels. An unfavorable 
trade balance continued, as U.S. imports 
greatly exceeded U.S. exports. World mine 
production of natural iron oxide pigments 
for reporting countries declined in 1983 
compared with that of 1982. 

Domestic Data Coverage.—Mine produc- 
tion and sales data for crude iron oxide 
pigments and sales data for finished iron 
oxide pigments and iron oxides from steel 
plant wastes were compiled from voluntary 
responses received from an annual survey 
of U.S. producers conducted by the Bureau 
of Mines. Responses for crude iron oxide 
mine production and sales data were receiv- 
ed from five companies representing 100% 
of all producers that are known to mine 
and/or ship crude iron oxide pigments in 
the United States, as shown in table 1. Of 
the 19 companies canvassed for finished 
iron oxide pigments sales data in 1983, 
100% responded, representing 100% of the 
total production shown in table 2. Of the 
five companies canvassed for sales data for 
iron oxides recovered from steel plant 
wastes, including steel plant dust and re- 
generator oxide, 100% responded, repre- 
senting 100% of the total production shown 


Table 1.—Salient U.S. iron oxide pigments statistics 


1979 1980 1981 1982 1983 

Mine production... short tons _ 81,869 49,078 46,213 48,828 24,647 
Crude ents sold or used ________-_ nS 74,548 2,642 67,214 67,294 40,023 
Value `. 2 LLL --- thousands_ _ $2,578 ole $2,285 $2,702 $2,368 
Iron oxides from steel plant wastes . short Gong _ 25,1 20,717 20,879 12,974 13,178 
EL I——— —H thousands . _ $1,703 $1,394 $1,637 $972 $1,141 
pigments sold |... short tons_ 156, 136,336 141,252 T116,007 136,343 
Value A ds — $94,175 $97,270 $110,859 1$108,164 $131,853 
EE short tona _ 4,852 5,046 4,967 9,065 12,661 
E ai cados ousands_ _ $7,359 $9,132 $11,704 $17,795 $20,692 
Importa for consumption ________ short tons — 55,377 39,446 ; ,855 30,747 

SE en ne eRe DENS thousands_ _ $24,341 $20,035 $18,915 $13,330 $16, 

FRevised. 
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in the text discussion under Domestic Pro- 
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but do not participate in the Bureau of 


duction. An additional small number of Mines annual canvass. No estimates are 


regenerator oxide plants are known to exist 


available for these plants. 


DOMESTIC PRODUCTION 


Mine production of crude iron oxide pig- 
ments decreased 50% and shipments de- 
creased 41% in quantity and 12% in value 
from that of 1982. Most of these decreases 
were attributed to a loss of sales in a major 
product line by one producer. Four compa- 
nies in Georgia, Missouri, and Virginia 
mined and shipped various grades of umber 
and ocher, magnetite, and sienna and um- 
ber, respectively. Cleveland-Cliffs Iron Co. 
continued to ship hematite from a stockpile 
at its Mather Mine in northern Michigan, 
which permanently closed in 1979. 

Total domestic shipments of finished iron 
oxide pigments increased 18% in quantity 
and 22% in value in 1983 compared with 
that of 1982. Synthetic iron oxide, which 
constituted 63% of all shipments, increased 
2595 in quantity and 2396 in value, while 
natural iron oxide pigments increased 696 
in quantity and 15% in value compared 
with 1982 levels. A notable increase in 
naturals occurred in ocher, which increased 


58% in quantity over that of 1982. Most 
domestic producers canvassed showed in- 
creases in shipments of finished iron oxide 
pigments in 1983, with one producing no 
iron oxide pigments. 

Iron oxides recoverod from steel plant 
wastes, that is, steel plant dust and regen- 
erator oxides, increased 296 to 13,178 short 
tons in 1983 compared with that of 1982 and 
was valued at $1.14 million. One of the five 
companies canvassed reported no produc- 
tion in 1988, and one producer permanently 
shut down because of economic reasons. 

In 1983, Columbian Chemicals was sold 
by Cities Service to Consolidated Mining, a 
privately owned international company 
involved in mining, industry, and natural 
resource trading. Columbian Chemicals will 
continue to operate as an independent busi- 
ness under the present management. It was 
reported in 1983 that Du Pont planned to ' 
sell its color pigment businesses to various 
companies in early 1984. Included among 


Table 2.— Finished iron oxide pigments sold by processors in the United States, by kind 


1982 1983 
Quantity Value Quanti | Value 
(short tons) (thousands) (short ird) (thousands) 
6,717 $1,023 5,014 $809 
10,739 8,615 9,794 8,192 
2,983 2,139 8,451 2,626 
949 652 1,811 901 
20,162 2,403 22,019 3,602 
815 687 776 510 
4,774 857 7,587 1,441 - 
285 241 829 . 256 
41,424 11,617 50,291 413,836 
110,675 113,485 14,705 19,109 
124,875 781,798 81,519 43,224 
120,403 124,373 ,104 30,081 - 
113,180 126,895 15,724 26,103 
168,583 Y 496,547 86,052 118,517 
W W W W 
T116,007 T108,164 186,343 131,853 


"Revised. W Withheld to avoid disclosing company proprietary data. 


! Includes Vandyke brown. 
3Includes pyrite cinder. 
*Includes yellow iron oxide. 


*Data do not add to total shown because of independent rounding. 


5Includes synthetic black iron oxide. 
*Includes mixtures of natural and synthetic iron oxides. 
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these sales is Du Pont’s iron oxide facility in Heubach GmbH & Co. KG, Langelsheim, 
Newark, NJ, which will be sold to Heubach, Federal Republic of Germany, a producer of 
a newly formed U.S. branch of Dr. Hans inorganic pigments. 


Table 3.—Producers of iron oxide pigments in the United States in 1983 


Iron oxide pigment data on consumption, 
shown as percentages by end use of reported 
shipments in table 4, are estimates since 
some producers keep less detailed data con- 
cerning end-use breakdowns than others. 

Consumption of iron oxide pigments in 
paint and coatings continued to be the 
largest end use for iron oxide pigments, 
especially for synthetic iron oxides. This 
end use comprised 3396 of total iron oxide 
usage in 1983 and totaled 45,339 tons, up 
20% over the 1982 level of 37,772 tons. 
Rebounds were experienced in most areas of 


Producer Mailing address Plant location 
Finished pigments: 
BASF Wyandotte Corp., Pigments Div — 100 Cherry Hill Rd. - Wyandotte, MI. 
Parsi y, NJ 07054 
Blue Ridge Talc Co. Inc ---------- Box Henry, VA. 
Henry, VA 24102 
Chemalloy Co. Inc ------------- Box 350 Bryn Mawr, PA. 
Bryn Mawr, PA 19010 
Columbian Chemicals Co -______.--_ Box 37 St. Louis, MO, and Monmouth 
ce de A Junction, 
Combustion neering Inc., 901 East 8th Camden, NJ. 
CE Minerals 2i [o Prussia a PA 19406 
DCS Color & Supply Co. Ine. 2o 1050 East Ba E Milwaukee, WI. 
Milwaukee, WI 53 
E. I. du Pont de Nemours € Co... Pigments mat Newark, NJ. 
Wilmington, DE 19898 
Ferro Corp., Ottawa Chemical Div_ .. .. _ 700 North Wheeling St Toledo, OH. 
Toledo, OH 43605 
Foote Mineral Co - - - ----------— 100 Exton, PA. 
Exton, PA 19341 
Hoover Color Corp... x218 - Hiwassee, VA. 
Hiwassee, VA 24347 EEN 
Mobay Chemical Corp - - -- -----——- Penn Lincoln Parkway West New Martinsville, WV. 
Pittsburgh, PA 15205 
New Riverside Ochre Co... Box 387 Cartersville, GA. 
Cartersville, GA 30120 
Pfizer Inc., Minerals, Pigments 235 East 42d St. Eme le, CA; East 
& Metals Div. New York, NY 10017 St. Louis, IL; Easton, PA; 
Valparaiso, IN. 
Prince Manufacturing Co... 700 Lehigh St. TN Quincy, IL, and 
Bowmanstown, 
Reichard-Coulston Inc. 1421 Mauch Chunk Rd. Bethlehem, PA. 
Bethlehem, PA 18018 
St. Joe Lead Co., Pea Ridge Iron Ore Co 77133 Fo Blvd. Sullivan, MO. 
Clayton, MO 63105 
George B. Smith Color Co. Route 72, Box 396 Maple Park, IL. 
pan: IL 60146 
Solomon Grind-Chem Service Inc __. — Springfield, IL. 
Spri old IL 62705 
ay ean Sina re , Hilton-Davis don Farm Rd. Cincinnati, OH. 
Cincinnati, OH 45237 
Crude i nis ents: 
Cleveland-Cliffs Iron Co., Mather Mine 1460 Union Commerce Bldg. Negaunee, MI. 
and Pioneer Plant (closed July 31, Cleveland, OH 44115 
1979; dos ira from stockpile). 
Hoover Color Corp -----------—- Box 218 Hiwassee, VA. 
Hiwassee, V A 24347 
New Riverside Ochre Co... Box 387 Cartersville, GA. 
Cartersville, GA 30120 
St. Joe Lead Co., Pea Ridge Iron Ore Co 7733 Forsyth Blvd. Sullivan, MO. 
Clayton, MO 63105 
Virginia Earth Pigments Co -____-- Box 1403 Hillsville, VA. 
, VA 24301 
CONSUMPTION AND USES 


paint usage including automotive output, 
housing starts, do-it-yourself home improve- 
ment markets, household furniture, and 
household appliances. Shipments of paint, 
varnish, and lacquer, reported by the U.S. 
Department of Commerce? totaled 923 mil- 
lion gallons valued at $8.6 billion in 1983, 
up 2% in quantity and 4% in value over 
1982 levels. Of this total, architectural coat- 
ings comprised 463 million gallons, repre- 
senting 50% of total shipments; product 
coatings and original equipment manufac- 
ture constituted 331 million gallons, repre- 
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senting 36% of total shipments; and 129 
million gallons, or 14% of total shipments, 
were special-purpose coatings. 

Construction materials accounted for 
24% of iron oxide pigment consumption, 
increasing 44% in 1983 to 32,530 tons com- 
pared with 22,610 tons in 1982. According to 
the F. W. Dodge Div. of McGraw-Hill Infor- 
mation Systems Co., newly started construc- 
tion in 1983 reached a record $193 billion, 
increasing 23% in value over 1982 levels. 
Residential housing, which represented the 
largest growth area of construction, grew 
57% in volume and value to 1.7 million new 
dwelling units valued at $93.2 billion. 
Nonresidential building and nonbuilding 
construction grew 4% and 1% in value, 
respectively.? 

Colorants for plastics, rubber, paper, tex- 
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tiles, glass, and ceramics accounted for 14% 
of reported iron oxide pigment consump- 
tion, increasing 20% in 1983 to 19,605 tons 
compared with 16,350 tons in 1982. 

Iron oxide usage in ferrites and other 
magnetic and electronic applications, albeit 
capturing a smaller market share (12%) of 
reported iron oxide pigments consumed, 
increased slightly in quantity in 1983 to 
15,851 tons compared with 15,448 tons in 
1982. Increases in magnetic tape and mag- 
netic ink applications were somewhat offset 
by decreased shipments of finished iron 
oxide for ferrite consumption. 

The remaining 17% of reported iron oxide 
pigment consumption was used in the man- 
ufacture of industrial chemicals, animal 
feed and fertilizers, foundry sands, cosmet- 
ics, jeweler's rouge, and other end uses. 


Table 4.—Estimated iron oxide pigment consumption, by end use, as a percentage of 


reported shipments 
All l Natural Synthetic 
End use iron oxides iron oxides iron oxides 
1982 1983 1982 1988 1982 1983 
Coa (industrial finishes, trade sales ts, varnishes, 
pone odis EG tn a La eee oo ER 33 83 23 25 39 38 
Seege? materials (cement, mortar, preformed concrete, 
granules) — —-—-—----------------------- r20 24 20 25 T19 23 
Ferrites and other magnetic and electronic applications. .. _ — — — 13 12 6 4 T18 16 
Colorants for plastics, rubber, paper, textiles, glass, ceramics. _ — 14 14 14 16 14 14 
Industrial chemicals (such as catalysts). ___________-._._._. T5 4 8 2 T6 5 
Animal feed and fertilizers |... ~~~ 8 5 18 12 1 1 
Foundry sands_ - — — -—-----------------—--—---———— 6 5 15 14 Se a 
Other (including cosmetics and jeweler's rouge)______._.____ 1 3 1 2 3 3 
Total ici a a ts ta 100 100 100 100 100 100 
"Revised. 


PRICES 


Domestic list prices for iron oxide pig- 
ments remained stable for the first three 
quarters of the year. Price increases were 
rumored as markets steadily improved, but 
competitive low-valued imports resulting 
from a strong U.S. dollar caused continued 
discounting within iron oxide lines. How- 
ever, price firming through the removal of 
temporary discounts increased during this 
period. With continual improvement within 


iron oxide pigment markets, price increases 
were announced late in the fourth quarter 
by major producers to counter inflationary 
costs in raw materials, labor, and energy. 
On November 15, Pfizer Inc. reportedly 
increased its natural and synthetic iron 
oxide grades by 5%, with Mobay Chemical 
Corp. and Columbian Chemicals announc- 
ing similar 5% increases for their iron oxide 
products, effective December 1. 
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Table 5.—Prices quoted on finished iron oxide pigments, per pound, bulk shipments, 


December 31, 1983 
Pigment Low High 

Black: l 

Natural 2-2: A A $0.2100 e 

AAA AAA E MUI hh .6900 $0.7150 

E AAA See ees . ¿6875 we 

Brown: 

Ground iron ore ooo ooo .1800 .1450 

MA A LA EO d i EE a a be .1650 2950 

Pure synthe a ot a ee ee M -1050 

Sienna, domestic, burnt _______________-___-__.-___--_-_-_-_---_- ae 4500 

Sienna, domestic, raw. ____________ ~~~ ~~ ~~ eee .3600 .4400 

Sienna, Italian, burnt. — ——-—------------------—--—--—--———-————— .4500 .7300 

Umber, Turkish, burnt_______________-~ ~~ ee .4350 .5200 

Vandyke EEN .4000 E 

Domestic rimers, natural, micronized A A A cL LL LLL LLL 22l22l-- -— 2015 

Ui ? TEE EE EE Gg pee 

panish ocon a a a paps 4 

Yellow: 

A AAA A E A e .6800 

Ocher; domestic .—— lloc =- ———————— ee eee oe ees 2200 


Source: American Paint and Coatings Journal. 


FOREIGN TRADE 


A net trade deficit for iron oxide pigments 
continued and increased in the United 
States in 1983. U.S. imports of selected iron 
oxide pigments for consumption exceeded 
U.S. exports of pigment-grade iron oxides by 
18,086 tons. This was attributed, in part, to 
the combination of a strong U.S. dollar and 
import price trimming brought about by a 
strong rebound in the U.S. economy com- 
pared with foreign economies. 

USS. exports of pigment-grade iron oxides 
and hydroxides reached a record level in 
1983, increasing 40% in quantity and 16% 
in value compared with that of 1982. U.S. 
exports were received by 49 countries, with 
Europe, Asia, and other North American 
countries representing the largest foreign 
markets. Chief destinations included the 
Federal Republic of Germany, Canada, and 
the United Kingdom. Exports of pigment- 
grade iron oxides to the Federal Republic of 
Germany increased 56% over 1982 levels 
and had an average value of 31 cents per 
pound, an 11% increase over 1982 values. 
Exports of other grades of iron oxides and 
hydroxides decreased 28% in quantity and 
29% in value compared with that of 1982. 
Main . destinations were Japan, Belgium- 
Luxembourg, Canada, and the United King- 
dom. 

U.S. imports for consumption of selected 


iron oxide pigments were received from 22 
countries, increasing 19% in quantity: and 
25% in value compared with that of 1982. 
Unit values decreased in many of the natu- 
ral and synthetic categories. Monthly im- 
port levels were above corresponding 1982 
levels in all but the first month of 1983. 
Synthetic iron oxides, which comprised 73% 
of these imports, increased 8% in quantity 
and 26% in value compared with that of 
1982, and were received mainly from the 
Federal Republic of Germany, Canada, Ja- 
pan, and Mexico. U.S. imports of natural 
iron oxides increased 61% in quantity and 
18% in value over 1982 levels to their 
highest levels in 4 years. These imports 
were received chiefly from Cyprus, the 
Federal Republic of Germany, and Spain, 
which accounted for 94% of all imports of 
natural iron oxides. Notable increases, 
which led to the large overall gain in im- 
ports of natural iron oxides, include an 85% 
increase in crude umber and an 82% in- 
crease in Vandyke brown. Sienna was 
received from Italy and all Vandyke brown 
imported was received from the Federal 
Republic of Germany. Minor amounts of 
crude and synthetic iron oxides were report- 
edly received and stored at bonded ware- 
houses for future consumption. 
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Table 6.—U.S. exports of iron oxides and hydroxides, by country 


E, eee eye EE 
Pigment grade Other grade ' Pigment grade Other grade | 
Country Quan Value Quan- Value Quan- Value Quan- Value 


tity (thou- tity (thou- tity (thou- tity (thou- 
(short (short (short (short 
tons) sands) tons) sands) tons) sands) tons) sands) 


Algeria -.------------—- 154 $108 ` 48 $41 55 $37 "T Drm 
Argentina ____________ _ — 18 21 2 5 12 36 $3 
Australia -___—___-------- xr Sr 168 ice 159 nat A ey 
Belgium-Luxembourg `... — 
Brazil ooo. 887 666 10 87 247 700 115 235 
Bulgaria `... ------ EE Geh E Ee EE ZS 20 78 
Canada ______~__________ 1,968 2,266 547 644 1,920 2,888 824 490 
Chis c uL ae Se 14 18 ner SE 112 963 
Colombia _._____________ 104 159 8 2 109 79 8 9 
Czechoslovakia |... 22 Re BS Se () 1 20 Tl 
Denmark ______________ _ 16 49 4 32 121 2 2 
Ecuador________ ~~ _____ 10 28 es m 88 40 1 1 
NT EE 20 SEH = i EE 30 18 
vador. -—--------- 17 37 wre 21 48 ru me 
Finland _______________ 17 22 16 18 81 41 Mer t 
France ________________ 844 449 150 212 880 581 12 185 
Germany, Federal Republic of .. — 9,849 2,182 188 466 5,999 9,689 163 
Hong Kong... ..--------- 174 567 15 7 425 912 We Se 
India ` 2 --2---- 2 rg 14 33 23 81 on SES 
Indonesia.. —_----------—-- (3?) 1 81 27 452 629 a e 
AAA PW NÉ 51 100 Wë a. Se BE 
Israel 02 si 4 123 359 ¿las ames 62 258 
tele ee A RARO UR S 219 1,988 20 30 286 2,167 140 
Jamaica________________ 11 aes oe 8 48 
Japan s a e 809 2,784 2,241 7,812 486 1,119 1,914 5,896 
Korea, Republic of `... 69 22 101 457 558 720 188 
AN EES 14 1 z ETT 19 18 30 66 
E es ee AE: 90 291 598 4 89 167 666 
Netherlands _____________ 70 298 1,515 4,523 51 . 100 269 849 
Norway .. ------------—- Pp estes a = aa == 19 34 
Oman AAA. A SC Se 125 24 E SH "- m 
Panama. ooo 4 4 10 4 9 10 9 
y i e (4) 2 2 3 11 1 6 
Philippines .-.- 10 18 8 6 11 19 4 9 
Saudi Arabia_____________ 1 4 39 78 6 11 ae eS 
EES 46 833 15 25 34 106 290 886 
South Africa, Republic of |... 16 109 1 1 24 65 HET Il 
AA 15 47 cee EN 9 41 (1) 1 
Sweden ________________ 7 24 110 225 SES ams 5 11 
Taiwan oo. 23 82 8. 28 16 44 2 4 
Thailand ______________ 23 23 SN KE 32 30 E. Aes 
Trinidad _______________ E des 105 861 8 4 m i os 
Turkey `. Kos exco 67 152 Gates Ee NS E 
United Arab Emirates |... ES ER 119 266 NT 30 
United OI. ot 643 4,514 214 637 892 5,588 817 618 
Venezuela `... -- 168 231 108 174 187 197 283 
Other oec m T40 T116 r47 r113 84 68 18 28 
Total?___________ EEN 9,065 17,795 6679 18,287 12,661 20,692 4,799 12,882 
"Revised. - 
1. ees than 1/2 unit. 


*Data may not add to totals shown because of independent rounding. 
Source: U.S. Bureau of the Census. 
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Table 7.—U.S. imports for consumption of selected iron oxide pigments 


1982 | | 1983 
Pigment ti Value ti Value 
E, A 
Natural: | | 

Oecherg ooo nooo 9 $9 8) (1) 
Siennas ~... 6 44 $18 
Umbers ______.-.._._........_. 3,410 508 6,917 898 
ODE L L I aa E 112 58 
Total _.____________________ 8,524 635 6,415 969 
Ocherg LLL LLL LLL ccs cs cr 22 11 (1) 3 
Siennas `. 91 4 88 
Umbers ___________.-.......___ 358 141 323 98 
Vandyke brown _________________- 423 168 769 309 
TORA A E 796 464 187 289 
A 1,690 809 1,976 187 

Synthetic: 

"Black ati dida 1,050 682 508 255 
IE A 4/163 3,186 4,458 2781 
Nelloe le 5 8,873 7.640 5,121 
o LLL LLL LLL LLL LLL. LLL 8,840 4,195 9,760 6,871 

Hoa ere del det ens. 20,641 11,886 22,356 14,978 
Grand total _________---------- 25,855 13,330 30,747 16,684 
1Less than 1/2 unit. 


*Includes synthetic brown oxides, transparent oxides, and magnetic and precursor oxides. 
Source: U.S. Bureau of the Census. 


- Table 8.—U.S. nm for consumption of iron oxide and iron hydroxide pigments, 


by country 
Natural Synthetic 
| 1982 1988 1982 1983 

MEE. Quan- Value Quan- Value Quan- vae Quan- value 
(hort (tbou: (short (tbou: (short (thou: (short ` thou- 
tona) sands) tons) sands) tons) sands) tons) sands) 
Australia- ----------- - SÉ 20 $10 98 $44 58 $23 
Austria ooo. 98 $63 5 pore de 
no HEUTE ie ddr 22 6 21 6 i: "s 2 Hj 
ee s EE 91 32 26 13 8,770 2,564 7,461 1,987 
SI RENE 3,662 587 6,550 968 - EM eg Ss 
NAO DR 50 230 24 61 15 14 
Germany, Federal Republic of _ 437 187 193 318 9,296 6,021 10,198 6,084 

EE 45 22 48 q 
Japan________________ 11 60 3 17 1,441 2,148 3,121 6,086 
DEE D m 23 9 290 786 313 
Netherlands... . 1 25 24 17 E Men 20 6 
Portugal ` `. Es EH 16 23 = Pe Ste T 
South Africa, Republic of — — — — 20 7 e E EX Sa T "et 
Spain ________________ 597 120 556 127 9 32 160 29 
nited Kingdom _________ 157 75 147 73 220 188 424 239 
ARIAS 21 29 21 5 2 7 10 199 
Total’?______________ 5,214 1,444 8,991 1,706 20,641 11,886 22,356 14,978 


1Data may not add to totals shown because of independent rounding. 
Source: U.S. Bureau of the Census. 


WORLD REVIEW 


World mine production of natural iron doubtedly produce natural iron oxide pig- 
oxides for reporting countries decreased in ments including, but not limited to, the 
1983 compared with that of 1982. In addi- centrally planned economy countries. Natu- 
tion to these countries, other countries un- ral red iron oxide was produced principally 
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by India and Spain; yellow ocher was pro- 
duced primarily by the Republic of South 
Africa, France, Cyprus, Spain, and the Unit- 
ed States; and sienna was produced mainly 
by Cyprus and Italy. Cyprus was the major 
umber producer, Austria was the principal 
micaceous iron oxide producer, and the 
Federal Republic of Germany was the main 
Vandyke brown producer. 

Of coloring agents, synthetic iron oxides 
accounted for approximately 75% of all 
colored inorganic world production capacity 
because of their variety of colors, overall 
properties, and low cost.‘ Principal world 
producers of synthetic iron oxides included 
the Federal Republic of Germany, Japan, 
the United States, Canada, and Mexico. 

Japan.—Domestic sales of synthetic iron 
oxides were expected to increase 6% to 
143,100 tons in 1983, compared with that of 
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1982. The main growth areas, magnetic 
materials, printing inks, and paper, were 
estimated to have increased 10%, 4%, and 
3%, respectively, offsetting moderate de- 
clines expected in iron oxide pigment usage 
in roads, ceramics, and synthetic resins. 
Exports were estimated to have declined 
2% from 1982 levels. Domestic end usage of 
iron oxide, based on estimated domestic 
sales, indicated that 79% of iron oxide sold 
was used in magnetic materials, 11% in 
paints, 3% in roads, and 2% in building 
materials, with the remaining 5% used in 
printing inks, synthetic resins, ceramics, 
paper, and other end uses. Major iron oxide 
producers in Japan include Rikon Sangyo, 
Chemelite Kogyo, Morishita Bengara Kog- 
yo, Koden Kogyo, Nihon Bengara Kogyo, 
Nishiumi Kogyo, and Titanium Kogyo.’ 


Table 9.—Natural iron oxide pigments: World mine production, by country! 


(Short tons) 
Country? 1979 1980 1981 1982P 1983* 
Argentina. LLL LLL LL LLL LL LLL LLL 963 1,053 815 1,027 1,050 
Australia reene, 245 925 -— EA 
XT, da WEEN 13,556 12,080 12,478 10,549 10,600 
¡E EE es NE a 8,303 7,126 4,578 r 4.600 4,600 
Canada |... 22 LLL LLL LLL 3,000 3,100 3,100 3,100 3,100 
E EE 2,855 4,906 5,390 2,695 2,900 
Cypris o si is ee ,660 22,046 22,046 22,046 22,046 
EE 154 139 €140 160 140 
France? _________________________ 18,200 17,600 16,530 15,400 14,300 
Germany, Federal Republic of? ____________ 31,483 27,193 ,828 20,491 22,000 
India un A 109,168 95,017 87,778 ; 99,000 
A AA a AAN 1,100 550 550 660 
EE 1,100 1,100 71,000 900 1,000 
Moroco ss cre meum LLL 28 133 and ven NM 
Pakistan: ——— ncn ae es us 1,133 359 483 *500 500 
Paraguay? __—-----------------—-——— 220 220 220 220 220 
Portugal? _.__§_§____________________ 65 572 65 55 
antes Africa, Republic of. 2,492 1,510 1,130 2,355 1,930 
P Ochor TUNES MEC YON) Eee vs RO E br 16,621 15,097 17,110 12,907 11,000 
Red iron oidef |... 27,600 27,600 27,600 25,000 ,000 
United States. - - —- —- —- - -—-------------—— 87,869 49,078 46,213 48,828 524,647 
Zimbabwe? ________________________ T550 71,100 71,320 1,100 1,100 
*Estimated. 


1Table includes data available through Apr. 12, 1984. 
*In addition to the countries listed, a considerable number of others undoubtedly prod 
output is deg Ae oq and no basis is available for formulating estimates of output Vgl 


uce iron oxide pigments, but 

Such countries include (but are 
not limi and the U.S.S.R. Because unreported output is probably substantial, this table is not added to 
provide a world total. 


3Includes Vandyke brown. 
*Iranian calendar year (Mar. 21 to Mar. 20), beginning in the year stated. 
5Reported figure. 


TECHNOLOGY 


Conventional methods of shipping iron 
oxide pigments, that is, bulk dry shipments, 
are being replaced in some instances by 
slurries, aqueous solutions of 60% or more 
solids by weight. By using slurries, cost 
savings of 20% or more in handling and 
storage can be realized through the elimina- 
tion of production processing steps, thus 
saving on energy, personnel, and house- 
keeping costs. Typical improvements offer- 


ed include quick, clean, and dust-free un- 
loading; reduction of necessary warehouse 
space; simplified inventory control; reduced 
dust and disposal problems; improved pig- 
ment distribution to use stations; and elimi- 
nation of a dispersion step. High-solid solu- 
tions are employed to minimize the cost of 
shipping water, allow its use in high-solids 
paint formulation, and allow its compatabil- 
ity with other slurry products. These slur- 
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ries, which can be used by most end users 
such as the coatings, construction, and 
chemical industries, can be shipped by tank 
trucks, tank cars, and drums and can be 
stored in bulk storage tanks, tote tanks, or 
drums.* 

Pigments of consistent quality are a pri- 
mary concern to pigment manufacturers, 
requiring continuing technology updates to 
ensure their compatability with a variety of 
color systems used by the various consum- 
ing industries. Color and chemical stability 
are of prime importance, as in-process tem- 
peratures for industries serviced range from 
room temperature to 1,300° C and product 
requirements include nonreactivity when 
subjected to ultraviolet light, heat, reducing 
atmospheres, molten glass, and repeated 
exposure to alkalies, acids, and organic 
solvents. To produce a high-quality pig- 
ment, numerous test measurements are 
conducted during the pigment processing 
steps to accomplish manufacturing controls, 
including tests for raw materials suitability, 
batch and blend integrity, proper calcining, 
particle size adjustment, effective washing, 
and blending. Other quality control param- 
eters used are use-testing of a pigment for a 
particular customer plant process, quantita- 
tive color measurement by use of instru- 
mentation, and color limits measurements 
for establishment of customer acceptable 
ranges.’ 

An efficient solvent extraction recovery 
process for the removal of high-purity iron 
and iron oxide during acid recovery from 
waste pickle liquors has been described by 
Nihon Solex Co. Ltd. (NSC), Tokyo, Japan. 
The process was developed by NSC in coop- 
eration with Nishimura Laboratory of 
Kansai University, Osaka, and a pilot plant 
was built jointly with Kawasaki Steel Corp. 
in 1982 at their plant in Chiba under the 
financial assistance of the Research Devel- 
opment Corp. of Japan. The process in- 
volves selectively extracting ferric ions by 
an organic extractant, preferably an alkyl 
phosphoric acid; stripping the ferric ions 
from the organic extractant by use of an 
aqueous solution containing ammonium flu- 
oride compounds; crystallizing the ammo- 
nium fluoride stripped from the organic 
extractant; and thermally decomposing the 
crystals, under low temperature, in an oxi- 
dizing environment to produce high-purity 
iron oxide or a reducing environment to 
produce iron. Thermal decomposition starts 
at 180° C, and finishes at 380° C producing a 
final product size ranging from 0.5 to 1.0 
micrometer. 

Two new standards concerning pigment 
usage in artist paints have been prepared 
by the American Society for Testing and 
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Materials (ASTM) Subcommitee D01.57 on 
Artist Paints and Related Materials. The 
first, D4302, Specification for Artist Oil and 
Acrylic Emulsion Paints, lists pigments 
that are suitable for use in first-quality 
artist paints, along with labeling informa- 
tion for artist paint manufacturers and 
consumers. The second, D4303, Test Meth- 
ods for Light Fastness of Pigments Used in 
Artist Paints, introduces the test methods 
that were employed to identify the list of 
pigments designated in D4302.* 

The second edition of Classification and 
Chemical Description of the Mixed Metal 
Oxide Inorganic Colored Pigments, which 
provides classification and nomenclature 
for all colored inorganic mixed metal oxides 
manufactured, imported, and processed in 
the United States, has been published by 
the Dry Color Manufacturers' Association. 
This is the first time that these complex 
metal oxides known as porcelain enamel 
oxides, ceramic stains, ceramic colors, etc., 
have been classified and indexed according 
to their colors, use categories, crystal class, 
and metal content. Chemical Abstract Serv- 
ice Registry Numbers from the Toxic Sub- 
stances Control Act Inventory and “Colour 
Index" Generic Names and Constitution 
Numbers published by the Society of Dyers 
and Colorists and the American Association 
of Textile Chemists and Colorists have also 
been included, where available. An appen- 
dix of crystal structure diagrams for the 14 
crystal classes covered complete this pub- 
lication.’ 

Volume 4 of the Raw Materials Data 
Handbook Series compiled by the National 
Printing Ink Research Institute and spon- 
sored by the National Association of Print- 
ing Manufacturers was published in 1983. 
This 374-page handbook contains informa- 
tion on 253 generic pigments, including 176 
organic and 77 inorganic pigments. Data 
covered include physical data, fastness data, 
color permanency, and sources of supply.!? 


1Physical scientist, Division of Ferrous Metals. 

2U.S. Bureau of the Census (Dep. Commerce). Paint, 
Varnish, and Lacquer. Rep. M28F (monthly), 1983 

3 American Paint and aoe Journal. ’83 Construction 
Contracts Up 23%. V. 68, No Jan. 30, 1984, pp. 9, 12. 

“Schmidt, L. K. Synthetic Inorganic Pigment Production 
and Ap lication. Mod. Paint and Coatings, v. 73, No. 4, 
jia 1983, pp. 37-40. 
Roskill Information Services Ltd. (London). Roskill’s 
Letter From Japan. Ferric Oxide: 6% Slump in 1982 
Demand. RLJ No. 92, Dec. 1983, pp. 17-19. 

*Touhill, D. M. Iron Oxide Slurries—An Overview. Am. 
Paint and Coatings J., v. 68, No. 33, Jan. 30, 1964, Dn. . 91-42; 

?Millikin, B. L. Color Control i in a wë, nt Manufactur- 
ing Plant. Ceram. Bull., v. 62, No. 12, 1983, pp. 1338-1340. 

American Paint and Coatings Journal. ASTM Has New 
Standards Available for Artists Paints. V. 68, No. 38, 
Mar. 5, 1984, p. 31. 

Color Manufacturers’ Associatio rat tion 
and emical Description of ne Mixed M etal Oxide 
Inorganic Colored Pigments. 2d ed., Jan. 1982, 68 pp. 

lONational Association of Printing Ink Manufacturers. 
NPIRI Raw Mater. Data Handbook. Volume 4—Pigments. 
1983, 374 pp. 
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Iron and Steel 


By Frederick J. Schottman! 


Steel production and shipments recovered 
somewhat from the very low levels of 1982. 
However, production remained at less than 
60% of capability. Shipments of steel to 
consumer goods industries increased but 
those to many capital goods industries 
decreased further because of unused capaci- 
ty or excess inventories in those industries. 
The steel industry as a whole was unprofit- 
able and some older plants were closed. 

Imports from Japan and the European 
Economic Community (EEC), which have 
supplied one-half of U.S. imports, declined 
but the difference was made up by increas- 
ed imports from other countries, particular- 


ly Canada and several developing countries. 
The U.S. specialty steel industry was grant- 
ed import protection by extra tariffs and 
quotas, and other parts of the steel industry 
sought trade law protection against alleged- 
ly unfairly traded imports. The steel indus- 
tries in most mature industrialized coun- 
tries suffered from excess capacity. Al- 
though some new capacity was being added 
in developing countries, excess world capac- 
ity and international financial problems 
delayed other projects. 

Domestic Data Coverage.—Domestic da- 
ta for the iron and steel industry are devel- 
oped by the Bureau of Mines from the 


Table 1.—Salient iron and steel statistics 
(Thousand short tons unless otherwise specified) 


1979 1980 1981 1982 1983 


United States: 
Pig iron: 
Production- - -----------------—- 86,975 68,699 73,755 43,342 48,770 
Shipments. - —-—---------------—- 87,781 69,445 74,218 43,449 49,081 
Annual average composite price, per ton? _ $203.00 $203.00 $204.66 $213.00 $213.00 
EXDOMS ai la 105 73 16 54 6 
Imports for consumption?___________ 476 400 468 322 242 
Steel:? 
Production of raw steel: 
Carbon: sara cas tido E 116,226 94,689 101,462 64,143 73,783 
Stainless ——---------------- ,107 1,701 ,143 1,235 1,750 
All other alloy _ 18,008 15,445 17,623 9,198 9,082 
Total. sa 136,341 111,835 120,828 474,577 84,615 
Capability utilizationé_______ percent _ 87.2 72.8 78.3 48.4 56.2 
Net shipments of steel mill products _ _ _ _ 100,262 83,853 88,450 61,567 67,584 
Finished steel annual average composite 
price.________ cents per pound!. . 20.006 21.655 24.224 25.271 26.190 
Exports of major iron and steel products? _ 3,400 4,129 3,557 2,367 1,589 
Imports of major iron and steel products? _ 18,428 16,355 20,818 17,385 17,964 
World production: 
Pik WOW iuo e ce o a a O "586,300 "564,800 551,900 P502,400 *505,000 
Raw steel (ingots and castings) __________ "821,091 "786,831 776,905 — P707,081 €724,480 
Estimated. Preliminary. "Revised. 
!Tron Age. 


2Bureau of the Census. 
3American Iron and Steel Institute (AISI). 


*Data do not add to total shown because of independent rounding. 
5Raw steel production capability is defined by AISI as the tonnage capability to produce raw steel for a sustained full 


order book. 
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annual Blast Furnace and Steel Furnace 
Report. Of the 46 steel operations to which a 
survey request was sent, 91% responded, 
representing 96% of the total production 
shown in table 1. Production for nonre- 
spondents was estimated using data from 
prior year reports and from published infor- 
mation. 

Legislation and Government 
grams.—The U.S. Department of Transpor- 
tation issued final regulations under the 
Surface Transportation Act of 1982 requir- 
ing that only domestic steel be used in 
highway projects built with Federal funds 
unless the use of imported materials would 
reduce the overall cost by at least 25%. 
States could request waivers from the regu- 
lations in special cases, but the regulations 
were expected to effectively ban foreign 
steel in this use. 

The U.S. Supreme Court agreed to consid- 
er whether “bubble” plans are permitted 
for air pollution control in regions where 
air pollution already exceeds Federal stand- 
ards. The Environmental Protection Agen- 
cy (EPA) had approved several such plans 
but a lower court ruled that the plans are 
not permitted under the Clean Air Act. 
Under a bubble plan, total emissions of a 
pollutant from an entire plant are regulat- 
ed rather than from each source in the 


Pro- 
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plant. The owner of the plant is allowed to 
choose the most economical means to meet 
the overall standard, although emissions 
from some of the individual sources may 
exceed source standards. 

A negotiated agreement apparently clear- 
ed the way for bubble plans for steel indus- 
try water pollution. A private group had 
objected to the plans originally proposed, 
but agreed not to challenge the plans in 
court if they resulted in an overall 15% 
reduction in ordinary pollutants and a 10% 
reduction in toxic pollutants compared with 
the application of source emissions stand- 
ards. As originally proposed by EPA and 
industry, the bubble plans would reduce 
costs to industry but would result in the 
same total emissions. ` | 

The EPA issued proposed new air pollu- 
tion standards for new, modified, or rebuilt 
electric arc furnaces and argon oxygen de- 
carburization (AOD) vessels for steelmak- 
ing. The new standards were estimated to 
reduce emissions by almost one-half com- 
pared with those permitted under cur- 
rent regulations. EPA estimated that the 
strengthened regulations would add 21 
cents per short ton of billet to the cost of 
carbon steel and 37 cents per ton to the cost 
of specialty steel.? 


DOMESTIC PRODUCTION 


Production and shipments of steel recov- 
ered from the very low levels of 1982, but 
remained below the levels of other recent 
years. Raw steel production was over 150 
million tons in 1973 and over 120 million 
tons as recently as 1981, compared with less 
than 85 million tons in 1983. Steel produc- 
tion increased steadily during the first 
quarter of the year, from 34% of capability 
in December 1982 to 56% in March 1983, 
but then plateaued below 60% of capability 
the rest of the year and averaged only 
56.2% of capability for the entire year. 

Production continued to shift away from 
the older open-hearth furnaces, which pro- 
duced only 7.0% of domestic steel, toward 
basic oxygen furnaces and electric furnaces, 
which produced 61.5% and 31.5%, respec- 
tively. The use of continuous casting rose to 
32.196 of raw steel production. 

Total shipments increased by only 10%, 
compared with those of 1982. Although 
shipments to most consumer goods indus- 
tries increased strongly, shipments to some 
capital goods markets continued to decline. 


For example, shipments to the automotive 
and appliance industries rose 30% and 21%, 
respectively, but shipments to the machin- 
ery and rail industries each declined about 
10%. Shipments to the oil and gas industry 
dropped a further 60% as the industry 
worked off excess stocks. 

Domestic shipments of iron castings in- 
creased about 12% compared with those of 
1982, but shipments of steel castings contin- 
ued to decline, according to U.S. Depart- 
ment of Commerce data. Shipments includ- 
ed 7.24 million tons of gray iron, 1.99 
million tons of ductile iron, 0.29 million tons 
of malleable iron, and 0.73 million tons of 
steel castings. 

The steel industry continued to suffer 
heavy financial losses. According to an 
American Iron and Steel Institute (AISI) 
survey of companies that produce about 
80% of domestic steel, these companies had 
a steel segment operating loss of $1.9 billion 
on sales of $27.3 billion. Although ship- 
ments of steel increased, the value of sales 
declined because of lower average prices. 
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Capital spending by these firms for their 
steel segments declined again to $1.9 billion 
from $2.2 billion in 1982 and about $2.4 
billion in each of the 3 preceding years. 

The steel industry continued to re- 
Structure to reduce costs and to adjust their 
capacity to the demand expected in years 
ahead. Less economical facilities were clos- 
ed and mergers were proposed. Major U.S. 
steel companies negotiated with foreign 
companies as potential sources of invest- 
ment capital and as a possible source of 
semifinished steel to replace higher cost 
raw steel now produced in domestic plants. 
¿Many steel companies reduced employ- 
ment costs by eliminating jobs and by re- 
ductions in wages, salaries, and other bene- 
fits. Most steel companies received conces- 
sions from their unionized workers during 
1982 or 1983. In March 1983, the United 
Steelworkers of America and a bargaining 
group of seven of the largest steel compa- 
nies agreed on a new 41-month contract 
that reduced the basic wage rates by $1.25 
per hour at the beginning of the contract 
and reduced paid time off. Cost-of-living 
allowances were eliminated in the first year 
of the contract and limited in later years. In 
return, the companies provided additional 
funds for laid off workers' benefits. For the 
whole industry, AISI reported that the aver- 
age total employment cost per hour worked 
by an hourly employee declined from $23.78 
in 1982 to $22.21 in 1983. Meanwhile, aver- 
age employment in the steel industry de- 
clined from 289,000 in 1982 to 242,700 in 
1983, of which 198,500 were hourly employ- 
ees in 1982 and 168,900 in 1983. Hourly 
employment had reached a low of 151,000 in 
November 1982 and had increased in 1983 
as production increased. 

Republic Steel Corp. and the Jones & 
Laughlin Steel Corp. (J&L), a subsidiary of 
LTV Corp. the fourth and third largest 
domestic steel companies, agr ed to merge. 
The two companies had a combined raw 
steel capacity of over 24 million tons per 
year, about one-sixth of the U.S. total. 
However, it was expected by industry ana- 
lysts that if the merger were completed, a 
significant amount of capacity would be 
closed. During the year, J&L shut down its 
Warren, MI, stainless steel plant after it 
had reopened the melt shop at Midland, PÀ, 
that J&L bought from the Crucible Steel 
Div. of Colt Industries Inc. Republic perma- 
nently closed its inactive Buffalo, NY, steel 
mill. ` 

Late in the year, United States Steel 
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Corp. (USS) announced that it would perma- 
nently close about 20% of its raw steel 
capacity and 23 finishing and fabricating 
mills by April 1984. Full-capacity employ- 
ment would be cut by about 15,000. The 
closures were to include blast furnaces at 
Fairfield, AL; Gary, IN; Chicago, IL; and the 
Mon Valley Works near Pittsburgh, PA; 
and basic oxygen furnace shops at Chicago 
and the Mon Valley Works. Various rod 
mills were to be closed and wire and rail 
were to be eliminated as USS products. A 
proposed rail mill for the South Works in 
Chicago was canceled and all other oper- 
ations there except an electric furnace shop 
and a structural mill were to be closed. 

Earlier in 1983, USS proposed and then 
dropped a deal with the British Steel Corp. 
(BSC) for BSC to invest in USS plants and to 
supply semifinished slabs to USS's Fairless, 
PA, plant. The proposal aroused strong 
opposition from labor despite USS's argu- 
ment that the plant's blast furnaces and 
open-hearth furnaces were outdated and 
that the entire plant might be closed unless 
slabs were bought from outside. 

Other companies closed integrated plants 
during the year. All operations except a rod 
mill and a galvanizing line at Bethlehem 
Steel Corp.s Lackawanna, NY, plant were 
closed. Kaiser Steel Corp. ended all produc- 
tion operations at its Fontana, CA, plant, 
but there was outside interest to buy and 
reopen at least the finishing mills. CF&I 
Steel Corp. closed the blast furnaces and 
basic oxygen furnaces at Pueblo, CO. CF&I 
continued to operate its two electric fur- 
naces but capacity was cut by more than 
one-half and certain products were discon- 
tinued. Armco Inc. began phasing out its 
1.5-million-ton-per-year plant at Houston, 
TX. Armco also planned to consolidate oper- 
ations at Ashland, KY, and Middletown, 
OH, and to phase out an open-hearth shop 
at Middletown and the hot strip mill at 
Ashland. 

The domestic steel industry was greatly 
increasing its capacity for continuous cast- 
ing. Wheeling-Pittsburgh Steel Corp. 
achieved capacity to continuously cast 
100% of its raw steel production with a new 
slab caster at Steubenville, OH, and a bloom 
caster at Monessen, PA. J&L added 3.1 
million tons per year of capacity with two 
new variable-width slab casters at the Indi- 
an Harbor Works, East Chicago, IN. Repub- 
lic started a 1.8-million-ton-per-year slab 
caster at Cleveland, OH. USS completed a 
caster for 500,000 tons per year of rounds 
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for the pipe mill at the Lorain-Cuyahoga 
(Ohio) Works. Armco’s new caster at Ash- 
land was designed to produce 720,000 tons 
per year of blooms for a pipe mill but 
modifications to allow casting slabs also 
were being studied. A horizontal caster for 
stainless steel was started at Armco’s Balti- 


more, MD, plant. Newly approved or plan- 


ned casters included two at Inland Steel 
Co.’s Indiana Harbor plant; one each at 
USS's Gary, IN, and Fairfield, AL, plants; 
one at the Dearborn, MI, plant of Rouge 
Steel Co: and one each at Bethlehem's 
Sparrows Point, MD, and Burns Harbor, IN, 
plants. 

Two continuous annealing lines for sheet 
steel began operations. Inland Steel started 
a line with a capacity of 400,000 tons per 
year at Indiana Harbor, IN, and Bethlehem 
started a similar line with a capacity of 
600,000 tons per year at Burns Harbor, IN. 
Continuous annealing can produce steel 
with more uniform properties and can pro- 
duce types of steel that are not practical 
using batch annealing. 

Carpenter Technology Inc. and Armco 
began production of specialty steel using 
new rotary forges. Compared with conven- 
tional forging, the rotary forges have much 
higher productivity and produce products 
with superior dimension control and 
straightness. 

Almost 1 million tons of seamless pipe 
capacity was added during the year. A new 
600,000-ton-per-year plant was opened by 
USS at its Fairfield, AL, steel mill. J&L 
completed a renovation of its pipe mill at its 
Campbell Works, Youngstown, OH. Capaci- 
ty of the plant was approximately doubled 
to 660,000 tons per year, while employment 
was reduced from 1,500 to 1,000. On the 
other hand, Armco canceled most of its $671 
million project to increase pipe capacity 
because of the poor market since early 1982. 

National Steel Corp. planned an electro- 
lytic galvanizing line for sheet up to 72 
inches wide at the Great Lakes Steel Div. at 
Ecorse, MI. It also planned to modify its 48- 
inch hot-dip galvanizing line at its Midwest 
Steel Div., Portage, IN, to increase capacity 
75,000 tons per year. Galvanized steel was 
seen as a growing market because of efforts 
by the automotive industry to increase the 
corrosion resistance of their products. New- 
ly designed automobiles made extensive use 
of galvanized steel. 

In a corporate reorganization, National 
Steel Corp. was renamed National Inter- 
group Inc., emphasizing the diversification 
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of the company outside the steel industry. 
The steel segment of the company became a 
subsidiary under the old name, National 
Steel Corp. The employees of the Weirton 
Div., Weirton, WV, of National agreed to 
buy the plant using an employee stock 
ownership plan (ESOP). National had 
announced that it would not make further 
investment at Weirton, implying that the 
plant would close unless it could be sold. 
ESOP’s are a form of corporate ownership 
that are given special tax treatment to 
encourage employee participation. To ob- 
tain loans to finance the ESOP, the workers 
approved a new 6-year contract that re- 
duced labor costs about 20%. The new 
company, to be called the Weirton Steel 
Corp., would be the largest employee-owned 
corporation in the United States and the 
10th largest domestic steel company. 
Several smaller steel companies entered 
bankruptcy during the year. Korf Indus- 
tries Inc. was forced to sell its assets after 
its parent company in the Federal Republic 
of Germany went bankrupt. Korf's George- 
town Texas Steel Corp. subsidiary minimill 


, in Beaumont, TX, was sold to Cargill Inc. 


which merged it into its North Star Steel 
Co. Korf's Midrex Corp., developer of one of 
the most successful direct-reduced iron 
(DRI) processes, was sold to Kobe Steel Ltd. 
of Japan. Korf retained its other minimill, 
Georgetown Steel Corp., Georgetown, SC, 
and other subsidiaries. However, a group of 
Kuwaiti investors that had held 30% inter- 
est in Korf increased their interest to 51%. 
The reorganized company was then re- 
named Georgetown Industries Inc. 

Phoenix Steel Corp. filed for Chapter 11 
bankruptcy after Creusot Loire S.A. of 


France, which owned 56% of Phoenix, de- 


clined to provide additional financial sup- 
port. Phoenix produced plate and pipe, two 
products for which markets were particu- 
larly depressed and slow to recover. 

Guterl Special Steel Corp., Lockport, NY, 
was forced into bankruptcy, and late in the 
year a court ordered the sale of the firm's 
assets to satisfy its debts. Marion Steel Co., 
Marion, OH, also filed for Chapter 11 bank- 
ruptcy. The plant was formerly owned by 
Armco and had reopened as an independent 
company in 1982. Two other minimills were 
sold. The Connors Steel Co. plant in Bir- 
mingham, AL, was closed by its parent, H. 
K. Porter Co. Inc., and then purchased by 
Commercial Metals Co. and reopened as 
SMI Inc. The Thomas Steel Corp. purchased 
the Lemont Manufacturing Co. minimill, 
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Lemont, IL, from Ceso Corp. 

Rhode Island Forging Steel Inc. reopened 
the former Washburn Wire Co., Providence, 
RI, to produce specialized ingots for forging. 
The company intended to provide types and 
sizes of ingots unavailable from larger pro- 
ducers. Similarly, McDonald Steel Corp., 
Youngstown, OH, was producing nonstand- 
ard section bars in a former USS plant. The 
company had started one bar mill in 1981 
and reactivated a second in 1983. 

Ohio River Steel Corp. opened a 400,000- 
ton-per-year structural mill in Calvert City, 
KY. Hunt Steel Corp. started its new pipe 
mill installed at the old Briar Hill Works of 
Youngstown Sheet and Tube near Youngs- 
town, OH. The plant can produce 360,000 
tons per year of seamless oil country casing. 

Preliminary work was begun on a 
250,000-ton-per-year seamless tube mill 
being built in Little Rock, AR, by York- 
Hanover Seamless Tube Inc., with produc- 
tion planned in 1986. The owners of Tubular 
Corp. of America were also planning a 
250,000- to 300,000-ton-per-year seamless 
pipe mill for either Tennessee or Arkansas. 

Materials Used in Ironmaking.—Domes- 
tic pellets charged to blast furnaces in 1983 
totaled 49.0 million tons, and sinter charged 
amounted to 18.2 million tons. Pellets and 
other agglomerates from foreign sources 
amounted to 6.4 million tons. A total of 10.8 
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million tons of iron ore was consumed by 
agglomerating plants at or near blast fur- 
naces in producing 17.8 million tons of 
agglomerates. Other materials consumed by 
agglomerating plants were 2.4 million tons 
of mill scale, 0.9 million tons of flue dust, 0.8 
million tons of coke breeze, 7,000 tons of 
anthracite, and 4.1 million tons of fluxes. 

Blast-furnace oxygen consumption to- 
taled 16.2 billion cubic feet according to 
AISI. Blast furnaces, through tuyere injec- 
tion, consumed 14.3 billion cubic feet of 
natural gas; 3.5 billion cubic feet of coke 
oven gas; 101 million gallons of oil; 41.1 
million gallons of tar, pitch, and miscella- 
neous fuels; and 121,000 tons of bituminous 
coal. 

Materials Used in Steelmaking.—Accord- 
ing to AISI, steelmaking furnaces consumed 
0.19 million tons of fluorspar, 0.70 million 
tons of limestone, 4.33 million tons of lime, 
0.66 million tons of other fluxes, and 118 
billion cubic feet of oxygen. Metalliferrous 
materials consumed in domestic steel fur- 
naces, per ton of raw steel produced, aver- 
aged 1,142 pounds of pig iron, 1,070 pounds 
of scrap, 25 pounds of ferroalloys, and 6 
pounds of ore and agglomerates. The revis- 
ed figures for 1982 were 1,137 pounds of pig 
iron, 1,083 pounds of scrap, 25 pounds of 
ferroalloys, and 5 pounds of ore and agglom- 
erates. 


PRICES 


The annual average composite price for 
finished steel in 1983, as reported by Iron 
Age, was 26.190 cents per pound. This price 
was 3.6% higher than that of 1982, the 
smallest increase since 1973. The composite 
price increased from 25.297 cents per pound 
at yearend 1982 to 26.822 cents per pound at 
yearend 1983. The composite price for pig 
iron remained unchanged at $213 per short 
ton. 

Most steel continued to be sold at dis- 
counts from list prices because of continued 
weak demand and the availability of low- 
priced imported steel. Earlier in the year, 
discounts of 20% were common, and dis- 
counts up to 40% off list for certain prod- 
ucts were reported. 

Prices for sheet and strip strengthened 
during the year because of improved de- 
mand by consumer goods producers. List 
prices were raised about 6% in February 
and by about 7% in September, and dis- 
counts decreased. Galvanized steel was in 


relatively strong demand and list prices 
were increased by over 15%. Iron Age listed 
yearend prices for hot-rolled sheet and strip 
at 23.75 cents per pound, cold-rolled sheet at 
28.15 cents per pound, and galvanized sheet 
at 30.30 cents per pound. 

Demand for structural shapes and plates 
did not improve as much as that for sheet 
and strip, and prices for these steel products 
remained depressed. Most list prices for 
structurals remained unchanged during the 
year and one major producer reduced list 
prices about 5% to bring list prices closer in 
line with transaction prices. New produc- 
tion of medium-weight sections by some 
minimills put additional pressure on the 
major integrated mills to restrain prices on 
these products. Yearend prices for structur- 
al shapes and plates were 23.90 and 25.75 
cents per pound, respectively. 

List prices for minimill products such as 
reinforcing bars, merchant bars, and light 
shapes generally reflected true transaction 
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prices. Prices for most of these products 
were increased several times during the 
year by small steps (0.5 to 1.0 cent per 
pound) as demand improved and the mini- 
mills’ cost for scrap increased. However, 
there were exceptions as producers respond- 
ed to competition from imports or other 


MINERALS YEARBOOK, 1983 


producers in local markets. Some reinforc- 
ing bars reportedly sold for less than 10 
cents per pound with prices about 11 cents 
per pound common in the second half of the 
year. Merchant bars were priced at about 13 
to 14 cents per pound. 


FOREIGN TRADE 


Exports of major iron and steel products 
from the United States continued to decline 
because of generally weak foreign markets, 
strong competition from foreign producers, 
and a strong U.S. dollar. As in earlier years, 
Canada and Mexico were the most impor- 
tant importers of U.S. steel. However, ex- 
ports to Mexico and to other Latin Ameri- 
can countries decreased by more than one- 
half. Saudi Arabia, Pakistan, Egypt, Tai- 
wan, the Republic of Korea, and Italy were 
other important markets for U.S. steel. 

Total imports of major iron and steel 
products increased slightly compared with 
those of 1982, but they represented a some- 
what smaller share of the U.S. market. 
Steel continued to be available in the world 
market at depressed prices and the high 
value of the U.S. dollar for foreign exchange 
made imported steel attractive to U.S. con- 
sumers. Imports of pipe and tube were down 
significantly because of excess stocks of oil- 
country tubular goods on the market but 
imports of sheet increased, reflecting im- 
proved consumption in consumer goods in- 
dustries. 

Although imports of steel mill products 
from Japan and the EEC decreased, total 
imports increased. Imports of most steel 
products from the EEC were restricted by a 
trade agreement signed in late 1982. Im- 
ports from Japan declined from 5.2 million 
tons in 1982 to 4.2 million tons. Those from 
the EEC declined from 5.6 million tons to 
4.1 million tons. Among the EEC countries, 
the Federal Republic of Germany, France, 
and Belgium-Luxembourg supplied 1.4 mil- 
lion tons, 0.9 million tons, and 0.6 million 
tons, respectively. Imports of steel mill 
products increased from Canada and from 
several newly industrialized countries. Im- 
ports from Canada and the Republic of 
Korea rose to 2.4 million tons and 1.7 
million tons, respectively. Imports from 
Brazil doubled to 1.3 million tons and those 
from Mexico increased by a factor of 5 to 0.7 
million tons. Brazil and Mexico, as well as 
other less developed countries, needed to 


export to pay their foreign debts, and cur- 
rency devaluations effectively reduced the 
price of their products. 

The domestic steel industry continued to 
request relief from allegedly unfairly traded 
steel using antidumping and countervailing 
duty cases. While Japan was reducing its 
exports and most exports from the EEC 
were restrained by the 1982 agreement, 
cases were pursued against other countries 
including Argentina, Brazil, the Republic of 
Korea, Mexico, the Republic of South Afri- 
ca, Spain, and Trinidad and Tobago. | 

Relations with the EEC continued to be 
strained by steel trade issues. One U.S. 
company that was not a party to the 1982 
agreement filed an antidumping case 
against steel plate from the EEC countries. 
U.S. producers were also concerned about 
imports of semifinished ingots and slabs 
and of pipes and tubes, products that were 
not controlled by the 1982 agreement, and 
diplomatic discussions were held with the 
EEC. 

The U.S. Trade Representative declined 
to initiate an investigation based on a sec- 
tion 301 petition against Japan and the 
EEC. The petition alledged that trade agree- 
ments between Japan and the EEC had 
caused steel to be diverted to the US 
market. Although there was evidence that 
Japan had agreed to limit its exports of 
steel to the EEC, the petition did not show 
that the agreement had injured the US 
industry. 

As the result of a section 201 investiga- 
tion, restrictions were imposed in July on 
imports of various specialty steels. The 
restrictions were to last 4 years. They in- 
cluded a tariff (in addition to normal du.ies) 
of 10% ad valorem in the first year decreas- 
ing to 4% in the fourth year on stainless 
steel sheet and strip. A similar tariff begin- 
ning at 8% and staged down to 4% was 
applied to imports of stainless steel plates. 
Global quotas were set on imports of alloy 
tool steel and stainless steel bars and rods, 
with the quotas set to increase 3% per year. 
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In 1982, imports had supplied 30% to 50% 
of apparent consumption of the products 
covered by quotas. The quotas were set as 
much as 44% below 1982 import levels. 
Although the quotas were initially set on a 
worldwide basis, the United States offered 
to negotiate orderly marketing agreements 
(OMA’s) with individual countries to give 
such countries specific quotas. Such OMA’s 
were reached with Japan, Canada, Poland, 
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Argentina, Spain, and Sweden. On the oth- 
er hand, the EEC countries asked for com- 
pensation from the United States for their 
lost trade caused by the restrictions. Al- 
though trade restraints such as those under 
section 201 are permitted under the Gener- 
al Agreement on Tariffs and Trade, other 
countries affected by the restraints are 
entitled to compensation or are allowed to 
retaliate. 


WORLD REVIEW 


After 3 years of decline, world production 
of raw steel recovered slightly in 1983. 
However, much of the recovery was in 
Canada and the United States. Production 
declined in many European countries and 
Japan. Free market prices remained low 
and most steel producers operated at a 
financial loss. Governments increased their 
intervention in markets and their invest- 
ments in steel companies in order to pre- 
serve employment. Capacity in most indus- 
trialized countries was reduced while some 
projects adding new capacity in developing 
countries continued. However, the weak 
market and the already heavy international 
debts of some countries caused other proj- 
ects to be delayed. 

Australia.—The Government of Australia 
announced a program to assist the Austral- 
ian steel industry. The program was con- 
tingent on cooperation from the steel indus- 
try by investment in modernization and 
from labor by improved productivity. Begin- 
ning January 1984, and continuing for 5 
years, the Government would pay a bounty 
to Australian steel companies on the sale of 
certain products. The bounty could be as 
high as 20% of the sale price if sales were 
very weak, but would decrease to zero if 
sales were very strong. The Government 
would also consider tariff quotas on imports 
if imports exceeded 20% of the market. The 
new program was at the request of The 
Broken Hill Pty. Co. Ltd. (BHP). Until 1983, 
BHP, including its subsidiaries, was the 
only steelmaker in Australia. However, one 
minimill began operations in 1983 and a 
second was expected to be built using equip- 
ment from an unused plant in France. 

Belgium.—State-controlled Cockerill- 
Sambre S.A. (CS) was planning to reduce its 
capacity by 1.5 million tons per year down 
to about 5.5 million tons in 1985. Two 
oxygen furnace shops at Liège and Charle- 
roi and various other operations were to be 


closed. Employment would be reduced by 
about 8,000 from the current 22,000. The 
Belgian Government in 1983 negotiated to 
integrate the operations of CS with ARBED 
SA of Luxembourg and Hoogovens IJmui- 
den BV of the Netherlands. Although an 
actual merger of the companies was unlike- 
ly, they may cooperate in trading off pro- 
duction quotas and in coordinating plant 
closings. 

Brazil.—Production began at the new 
Cia. Siderürgica de Tubaráo plant in 
Vitória City. The plant has a single 160,000- 
cubic-foot blast furnace and two 310-ton 
oxygen furnaces and has a capacity of 3.7 
million tons per year of raw steel and 3.3 
million tons per year of slabs. The slabs are 
to be sent to other Brazilian mills and to be 
exported for finishing. Tubarào is owned by 
the Brazilian state steel company Sid- 
erürgia Brasileira S.A. (51%), Kawasaki 
Steel Corp. (24.596), and Societá Finanziaria 
Siderurgica p.A. (Finsider) of Italy (24.5%). 

The new 700,000-ton-per-year electric fur- 
nace steel mill being built by Siderürgica 
Mendes Junior S.A. was nearing completion 
and was expected to start production in 
early 1984. 

Canada.—Two new hot-strip mills, each 
with a capacity of about 1 million tons per 
year, began operating in 1983. Stelco Inc. 
started its $250 million, 80-inch strip mill at 
the greenfield Lake Erie plant at Nanti- 
coke, Ontario, and Dofasco Inc. completed a 
$960 million mill at its Hamilton, Ontario, 
plant. The Algoma Steel Corp. Ltd. suspend- 
ed construction on a new $240 million 
seamless tube mill until the market im- 
proves. Algoma's tube division was reported 
operating at about one-half of capacity. 
Sydney Steel Corp. received $77 million in 
Provincial and Federal aid to modernize its 
plant at Sydney, Nova Scotia. However, 
only one of the plant's two blast furnaces 
wil be rebuilt. As a result, the plant's 
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capacity will be cut by one-half to 500,000 
tons per year. 

China.—Production of steel began at the 
the Baoshan steel mill near Shanghai. The 
first phase of the project will have a capaci- 
ty of 3.3 million tons of raw steel per year 
and was expected to be in full operation in 
1985. Work will also proceed with the sec- 
ond phase of the plant, which will double its 
capacity. The Baoshan project has been 
- subject to many delays. The first phase was 
originally intended to start up in 1982 and 
in 1981 the second phase was suspended 
indefinitely. 

Egypt.—Contracts were being negotiated 
for equipment for the new Alexandria Na- 
tional Steel Co. steelworks at El Dikheila. 
The plant will use a DRI plant and electric 
furnaces to produce 930,000 tons per year 
of raw steel for bars and rod. Completion 
is planned for 1986. Nile Steel Co. in 
1983 received Government approval for a 
490,000-ton-per-year minimill near Cairo. 
The plant will use imported scrap and is 
scheduled to begin operation in 1985. 

European Economic Community.— 
Under a 1981 agreement, the EEC Commis- 
sion directed EEC member countries to 
reduce their combined raw steel capacity by 
30.4 million tons per year by 1985, a 16% 
reduction from the 1980 capacity of 186 
million tons per year. The EEC countries 


had agreed in 1982 to reduce steel capacity, — 


but national plans submitted to the Com- 
mission in June 1983 proposed cuts totaling 
only 20.4 million tons per year. The EEC 
ordered reductions of 6.6 million for the 
Federal Republic of Germany, 6.5 million 
for Italy, 5.0 million for the United King- 
dom, 3.5 million for Belgium, 2.59 million 
for France, 1.1 million for the Netherlands, 
1.1 million for Luxembourg, and 0.1 million 
for Denmark. The cuts ranged from 7% of 
1980 capacity for Denmark to almost 20% 
for France and the United Kingdom. No 
cuts were ordered for Greece and Ireland, 
which have very small steel industries. The 
intent of the cuts was to make the EEC steel 
industry profitable by eliminating excess 
capacity and to eliminate state subsidies by 
the end of 1985. 

The EEC was to strengthen its controls, 
beginning January 1984, on the EEC steel 
market by imposing minimum prices on 
products that make up about 40% of EEC 
production. At the insistence of the Federal 
Republic of Germany, the EEC was to im- 
pose a system requiring documents showing 
the origin of steel shipments. The Federal 
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Republic of Germany had complained that 
its industry was threatened by subsidized 
steel from other member countries. The 
EEC in 1983 continued other market con- 
trols including production quotas, import 


agreements with nonmember countries, and 


pricing regulations. 

Independent steel companies, usually 
small electric furnace steel mills, complain- 
ed that the EEC regulations did not allow 
them to operate at profitable levels despite 
their lower costs compared with those of the 
state subsidized companies. 

France.—The two major state-owned 
Steel groups, Union Sidérurgique du Nord 
et de l'Est de la France and Aciéries et 
Laminoirs de Lorraine-SACILOR, further 
consolidated their ownership of the French 
steel industry. Privately owned Creusot 
Loire was near bankruptcy and sold almost 
all of its steelmaking plants to the two state 
groups. 

A 1982 plan, which projected 1986 produc- 
tion of 26 million tons of steel and called for 
layoffs of 12,000 steelworkers, was report- 
edly viewed as unrealistic, and an addition- 
al 10,000 layoffs were expected. 

Germany, Federal Republic of.—German 
steel companies planned restructuring pro- 
grams to reduce capacity. A report commis- 
sioned by the industry recommended that 
the five largest steel companies be merged 
into two. However, merger negotiations be- 
tween the companies were unsuccessful. 
Individual companies did announce major 
cutbacks. Thyssen Stahl AG, the largest 
German steelmaker, will cut its capacity by 
30% to about 12 million tons per year. The 
German Government received approval 
from the EEC to provide up to $14 billion in 
financial assistance for restructuring but 
intended to provide about $1.2 billion for 
costs resulting from layoffs and for grants 
for capital investments to improve efficien- 


cy. 

Korf Industries & Handel GmbH and 
some of its subsidiaries were forced into 
bankruptcy. The two Korf minimills, Ba- 
dische Stahlwerke AG and Hamburger 
Stahlwerke GmbH were reorganized as in- 
dependent companies. 

India.—Construction and modernization 
projects of the Steel Authority of India Ltd. 
(SAIL) were reportedly delayed by a reduc- 
tion in funds available for investment after 
SAIL lost $100 million in fiscal year 1982-83. 
Two 330-ton oxygen furnaces were commis- 
sioned at Bokaro raising capacity there to 
4.4 million tons per year, but that expan- 
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sion program was behind schedule. The 
three planned integrated steelworks at 
Visakhapatnam, Vijayanagar, and Daitari 
were expected to be delayed: because of lack 
of funds. 

Orissa Sponge Iron Ltd. began operation 
of its gas- and coal-fueled, 170,000-ton-per- 
year, Accar process DRI plant in Orissa. 
Meanwhile, the Government suggested that 
a network of DRI plants be built to supply 
India’s electric furnace minimills with iron. 

Italy.—State-owned Finsider planned to 
reduce employment by one-fourth in its 
plans to meet EEC required cuts in capaci- 
ty. Blast furnaces, oxygen furnaces, and the 
hot-strip mill at Cornigliano were to be 
closed for a reduction in capacity of 2 
million tons per year. The company was 
seeking higher production quotas from the 
EEC to allow the reopening of the newly 
renovated integrated steel mill at Bagnoli. 
Meanwhile, the Government offered finan- 
cial incentives to the private sector to re- 
duce their capacity. A group of private steel 
mills proposed a syndicate to operate one 
blast furnace, oxygen furnaces, and a con- 
tinuous caster at Cornigliano to produce 
semifinished steel for their rolling mills. 
The companies would close their own melt 
shops. 

Japan.—Steel production in Japan declin- 
ed for the fourth year in a row. Capital 
investment by the six largest steel compa- 
nies declined about 4% in fiscal year 1983 
and planned investment in fiscal year 1984 
was to be reduced a further 30%. Invest- 
ment was being reduced in part because of 
the completion of several major projects, 
but also because of restructuring for lower 
demand. Most investment was in moderni- 
zation or replacement capacity; however, 
new capacity was added for products such 
as galvanized steel that had growing mar- 
kets. Nippon Steel Corp. and Nippon Kokan 
K.K. completed new seamless tube mills. 
These projects had begun when seamless 
tube was in short supply but were complet- 
ed during a period of deeply depressed 
demand. 

Korea, Republic of.—Pohang Iron and 
. Steel Co. Ltd. (Posco) negotiated with equip- 
ment suppliers and contractors for con- 
tracts for a second integrated steel mill to 
be built at Kwang Yang. The first stage of 
the new Posco mill is planned to have a 
capacity of 2.7 million tons per year and is 
to be completed in 1988. Meanwhile, the 
Posco steel mill at Pohang was one of the 
world's lowest cost producers and operated 
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near capacity despite the world steel reces- 
sion. 

Luxembourg.—The Government of Lux- 
embourg became the largest shareholder in 
ARBED when it increased its holdings from 
about 2% to about 22% of the company's 
stock. ARBED is the major steel producer in 
Luxembourg and employs over 10% of 
Luxembourg's work force. 

Mexico.—Production of seamless tube be- 
gan at Tubos de Acero de México S.A. at 
Veracruz. The tube mill had an initial 
capacity of 290,000 tons per year but is 
intended to be expanded to over 700,000 


tons per year. A new melt shop and a second 


DRI plant were under construction at the 
site. Although seamless tube from the plant 
was intended primarily for the Mexican 
petroleum industry; it was also exported to 
the United States and other countries. 
Pakistan.—The first phase of the state- 
owned Bin Qasim integrated steel mill was 
expected to be completed in 1984. A blast 
furnace began production of pig iron in 1982 
and steel production began in 1983. The 
initial phase has a capacity of 1.2 million 
tons per year, but the plant was designed to 
be expanded to 2.2 million tons per year. 
Private companies proposed a spiral weld 


pipe mill and a seamless pipe mill that 


would use the newly available domestically 
produced steel. 

Philippines.—Contracts were signed for 
equipment for the new integrated Iligan 
City steelworks of the National Steel Corp. 
of the Philippines, but the project was 
threatened by lack of funds. Much of the 
estimated $1.5 billion needed for the project 
depended on loans from countries supplying 
equipment and from international financial 
organizations. The DRI-based plant had a 
planned capacity of 1.5 million tons per 
year. 

South Africa, Republic of.— Iron produc- 
tion capacity in the Republic of South 
Africa was being shifted to DRI processes. 
Scaw Metals Ltd. started production at its 
new 80,000-ton-per-year, coal-fueled DRI 
plant. Work was continuing on a 330,000- 
ton-per-year plasma DRI plant for Union 
Steel Corp. with completion expected in 
1985. The commissioning of new raw steel 
capacity at Highveld Steel and Vanadium 
Corp. Ltd. including three additional prere- 
duction kilns and another electric smelting 
furnace, was delayed because of low de- 
mand. Meanwhile, the largest steel produc- 
er, South African Iron.and Steel Industrial 
Corp. Ltd., reduced its capacity by 15% to 
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about 7 million tons per year and planned 
to phase out a number of blast furnaces, 
obsolete steel furnaces, and other facilities 
as its new DRI units and electric furnace 
come on-stream. 

Spain.—The Government announced a 


restructuring plan for the steel industry ` 


that included the elimination of 9,000 to 
10,000 jobs and blast furnaces and steel 
furnaces of Altos Hornos del Mediterraneo 
S.A. at Sagunto. However, the plan also 
provided $4 billion in financial aid from the 
Government for restructuring and moderni- 
zation. | 

Sweden.—The four largest stainless steel 
producers negotiated to consolidate into two 
groups, but had not completed the mergers 
by yearend. The plan would merge Fagersta 
AB, Nyby Uddeholm AB, Sandvik AB, and 
Avesta Jernverks AB into one group mak- 
ing raw stainless steel and plate and a 
second making coils, pipe, and tube. Com- 
pletion of the merger was delayed by lack of 
final agreement on financial arrangements 
in the complex mergers. 

Taiwan.—China Steel Corp. planned to go 
ahead in 1984 with construction of the 
third-stage expansion of its integrated steel 
plant. The expansion is expected to require 
4 years and will increase capacity by 70% to 
6.3 million tons per year. 

U.S.S.R.—-The first of four Midrex DRI 
units at the Oskol Electro-Metallurgical 
Combine began operations, and work con- 


MINERALS YEARBOOK, 1983 


tinued on an electric furnace melt shop. The 
plant will have an initial capacity of 1.8 
million tons per year of DRI and is planned 
to be expanded to 3.6 million tons in 1987. A 
new 2.4-million-ton-per-year oxygen furnace 
shop was completed at Dneprodzerzhinsk to 
replace open-hearth and Bessemer fur- 
naces. Major renovations and expansion 
programs continued at the Magnitogorsk 
and Kuznetsk plants. | 

United Kingdom.—BSC continued to op- 
erate at a loss and some facilities were 
closed. The company and Government con- 
sidered closing entirely one of the BSC's five 
integrated steel mills. Programs continued 
in the specialty steel sector and in the steel 
casting industry to reduce excess capacity. 
In specialty steel, BSC and private compa- 
nies formed a joint venture to buy another 
plant with the expectation of closing it. A 
program in the steel foundry industry used 
money from the Government and private 
industry to provide financial incentives for 
other foundries to close. 

Venezuela.—The first phase of the 
Empresa Siderürgica de Zulia C.A., also 
known as Siderzulia, coal and steel project 
was postponed because of Venezuela's al- 
ready heavy international debt and weak 
demand for steel. The first stage was to 
include a 530,000-ton-per-year rolling mill 
using semifinished steel from other Vene- 
zuelan plants. : 


TECHNOLOGY 


Various Government agencies and the 
AISI are proceeding with a joint program to 
develop new types of sensors for the steel 
industry. Program goals include develop- 
ment of systems that can provide almost 
instantaneous chemical analyses of molten 
steel in a ladle or furnace, that provide 
three-dimension location of internal defects, 
that measure the internal temperatures of 
solid and solidifying steel, and that can 
inspect for surface defects during hot- 
roling operations. If successful, the new 
sensors will improve quality control, in- 
crease productivity, and increase efficien- 
cy.? 

Techniques to cast thin strip and sheet 
were under development. In contrast to 
conventional continuously cast slab, which 
is several inches thick, the product of the 
new processes would be much closer to the 
thickness of the finished product, and there- 
fore would require less reduction during 


rolling. The U.S. Department of Energy was 
supporting four programs to cast strip 
about 0.05 inch thick, and a similar pro- 
gram was being carried out by private 
companies.* Thin slab casters were reported 
to be operating on an experimental basis 
that could produce slab as thin as 1-1/2 
inches. 5 

Two rotary wheel-and-belt casting ma- 
chines were in use in Japan. The machine is 
claimed to lower operating costs and the 
relatively high casting speed and a high 
billet temperature make the new caster 
better suited than a conventional casting 
machine to feed billet directly into a rolling 
mill. Such direct rolling could reduce ener- 
gy consumption and increase yield of fin- 
ished steel.* 

High-quality heavy plates weighing be- 
tween 20 and 110 tons can be produced 
using horizontal insulated molds that cause 
the ingot to solidify gradually from the 
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bottom to the top. Inclusion and other 
defects accumulate near the top where they 
can be removed leaving a clean ingot suit- 
able for critical applications such as pres- 
sure vessels or offshore platforms.’ 

Hot metal from the blast furnace was 
being treated to reduce the phosphorus and 
silicon content before refining in the oxgyen 
furnace. Like external desulfurization, 
which had become a well-established prac- 
tice, external dephosphorization and desili- 
conization allowed the production of high- 
quality steel while improving the efficiency 
of steelmaking in the oxygen furnace.® 

New variations of and applications for 
oxgyen steelmaking processes were devel- 
oped. A top-and-bottom blown converter 
and top-blown, bottom-stirred converters 
were used to produce stainless steel? Ad- 
vantages of the AOD for carbon and low- 
alloy steels were reported.'^ The AOD proc- 
ess was modified to use air to replace part of 
the commercial nitrogen and oxygen nor- 
mally used, resulting in lower raw materi- 
als cost.!! 

Several new electric-furnace technologies 
offer savings on electrode costs compared 
with conventional electric furnaces. The 
oxidation of electrodes in conventional fur- 
naces can be reduced by protective coat- 
ings.!*? Direct current (dc) electric furnaces 
with conductive bottom refractories require 
only a single exposed electrode and lower 
electrode costs. Other advantages claimed 
for the dc furnaces include lower noise, and 
lower flicker loads on powerlines.? Com- 
mercial-scale tests were conducted with a 
50-ton furnace using plasma torches rather 
than conventional electrodes. Wear of the 
tungsten electrodes in the plasma torches 
was reported to be minimal, and total cost 
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for the torches was less than the cost of 
conventional carbon electrodes. The process 
reportedly results in higher yield from the 
metal charged; reduced noise, dust, and 
exhaust gas; and lower powerline flicker." 


1Physical scientist, Division of Ferrous Metals. 

2Federal Register. U.S. Environmental Protection Agen- 
cy. Revision of Standards of Performance for New Station- 
ary Sources; Steel Plants; Electric Arc Furnaces and 
Argon-Oxy ze Decarburization Vessels. V. 48, No. 160, 
Aug. 17, 1983, pp. 31338-37351. 

3McManus, G. J. Sensors in Steel: Where a Picture is 
Worth More Than a Thousand Words. Iron Age, v. 226, No. 
13, ¿May 2, 1983, pp. MP-16-MP-23. 

4— ——. Can Sheet Be Continuously Cast? Iron Age, 
v. 226, No. 19, July 4, 1983, p. MP-20. 
LaRue, G. T. ational, 'Batelle Study EE Strip. 
Am. Met. Mark., v. 91, No. 131, July 7, 1983, p. 4 
$———. Mannesmann Creating System for Making Slab 
in Mini-Mills Am. Met. Mark., v. 91, No. 185, Sept. 22, 
P 

SIron & Steelmaker. A Rotary Continuous Casting 
Machine is Now Available From Korf Engineering. V. 10, 
No. 8, Aug. 1983, p. 11. 

"Metal Bulletin (London). NKK's Ultra Heavy Plate. No. 
6844, Dec. 6, 1983, p. 42. 

33 Metal Producing. The Latest Wrinkle in Heavy Plate 
Production. V. 21, No. 10, Oct. 1983, p. 73. 

SSasaki, K., H Nakashima, M. Nose, Y. Takasaki, and 
H. Okumura. A Look at Nippon Steel Corp.'s New Optimiz- 
ing Refining Process. Iron & Steelmaker, v. 10, No. 8, Aug. 
1983, pp. 22-27. 

?Kawaharada, A., S. Ogura, R. Asaho, M. Saigusa, and 
Y. Kato. New Process fo aking Stainless Steel. Paper in 
Electric Furnace Proc., v. 41 (Detroit, MI, Dec. 6-9, 1983). 
Iron and Steel Soc. AIME, Warrendale, PA, 1984, pp. 51-56. 

McManus, G. J. Allegheny Ludlum and Kawasaki Go 
Back to Basics in Making Stainless Steel. Iron Age, v. 226, 
No. 29, Dec. 5, 1983, pp. MP-19-MP-21. 

10Selines, R. J., and S. K. Mehlman. AOD Refining for 
TN Carbon and Low Alloy Steels. Iron & Steelmaker, 
v. 10, No. 4, Apr. 1983, pp. 20-25. 

!1$hidemantle, D. R., and V. P. Ardito. Using Air as a 
Substitute for Ni itrogen in the AOD. Paper in Electric 
Furnace Proc., v. 41 (Detroit, MI, Dec. 6-9, 1983). Iron and 
Steel Soc. AIME, Warrendale, PA, 1984, pp. 57-60. 

12k altenhauser, R. H., and F. M. Gimbel. Coated Elec- 
trodes to Reduce Graphite Consumption. Iron & Steelmak- 
er, v. 11, No. 5, May 1984, pp. 29-33. 

13Essman, H., and D. Grunberg. Technical and Economi- 
cal Aspects Regarding the Practical Application of a D.C. 
Electric Arc Furnace. Paper in Electric Furnace Proc., 
v. 41 (Detroit, MI, Dec. 6-9, 1983). Iron and Steel Soc. 
AIME, Warrendale, PA, 1984, pp. 229-237. 

14Metal Bulletin Monthly. Voest-Alpine’s Plasma Plant. 
No. 150, June 1983, pp. 45-49. 


Table 2.—Pig iron produced and shipped in the United States in 1983, by State 


State 


Pennsylvania ________________________ 

California, Texas, Utah _________________ _ 

Alabama, Kentucky, Maryland, New York, West 
Virina A a et ge pe eae ate 


Total or average- -----------------——-—- 


Shipped from furnaces 
Production ———————————————————— Average value 
icd e d Value per ton at 
short ton ousan urnac 
E short tons) (thousands) mace 
2,743 2,754 $512,072 $185.94 
16,385 16,393 3,215,218 199.80 
4,443 4,444 849,581 191.17 
9,291 9,314 2,031,149 218.07 
6,962 7,110 1,492,330 209.89 
1,634 1,702 360,045 211.54 
7,312 7,364 1,550,488 210.55 
48,770 49,081 10,070,943 205.19 
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Table 3.—Foreign iron ore and 
manganiferous iron ore 
(excluding agglomerates) consumed in 

manufacturing pig iron ` 
in the United States, by source 


(Thousand short tons) 
Source 1982! 1983? 
Brazil- ete 197 12 
Canada -—-—-----------—-- 1,876 2,185 
Venezuela `. 1,171 1,157 
Other countries _______-_--_ 59 99 
Totäl tt 33.302 3,453 


1Excludes 7,931,305 tons used in making agglomerates. 
2Excludes 8,862,921 tons used in making agglomerates. 
“Data do not add to total shown because of independ- 


ent rounding. 


Table 4.—Pig iron shipped from blast furnaces in the United States, by grade: 


Grade uantity 

(thousand 

short tons) 

Foundry EEN 195 
DABIO ei ib 42,184 
Beasemer - - ------------—- -572 
Low phosphorus ------------ W 
Malleable _--------------- 368 
All other (not ferroalloys) _____-_- 130 
Total or average ---------- 43,449 


1982 

Value antity 

Total Average thousan 
(thousands) per ton short tons) 
$39,839 $204.30 123 
8,799,3 208.59 47,915 
105,288 184.07 W 
W W W 
80,700 219.29 W 
25,683 197.56 1,043 
9,050,837 208.31 49,081 


W Withheld to avoid disclosing company proprietary data; included with “Al other.” 
1Includes molten iron transferred directly to steel furnaces. 


1983 
Value 

Total Average 

(thousands) per ton 
$25,969 $211.13 
9,835,227 205.26 
W W 
W W 
W W 
209,747 201.10 
10,070,943 205.19 
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Table 6.—Number of blast furnaces in the United States, by State 


1982 

State In Out of 

blast! blast 
Alabama Lc mure ad au 1 5 
California. sc eri a ee See es 1 3 
Colorado o ree he ee — 4 
Ilinois -—-——-----------—---—————-——— 2 6 
India cesa EE EE 8 14 
Kentucky <= a 1 1 
Maryland: ==“ ote a I LC 1 3 
Miċchiġän -= acres do es hw o da a ad 5 4 
New York oo det nunc 1 8 
OO EE 11 10 
Pennsylvania coi rs da 7 33 
<A A AI AAA 1 1 
€ EE 1 2 
West Virginia _____________________-__ 2 2 
dbo d BEEN 42 96 


1In blast for 180 days or more during the year. 


Table 7.— U.S. steel production, by type of furnace 


(Thousand short tons) 
TOTO icol Lu E E E Leu nS yk HE aal LL ERU ee 19,158 
19BD o oe ru Amet LL our LL REM Mar eau eL EE 13,054 
ra A MA eate uir iue e A ce CES EE 13,452 
|, in ck we n clc e RON neg NS RE 6,110 
RUNS ien ast ea nM m dem ee, 5,951 


1Data do not add to total shown because of independent rounding. 
Source: American Iron and Steel Institute. 


1983 
In Out of 
Total ` past) blast 

6 1 5 

4 2 2 

4 WER Beie 

8 4 1 

22 11 7 

2 2 Zs 

4 1 3 

9 6 3 

9 1 3 

21 12 6 

40 9 12 

2 DM 2 

3 1 2 

4 2 2 

138 52 48 

Basic 
oxygen Electric 
converter 
83,256 33,927 
61,615 31,166 
13,231 34,145 
45,309 ,1 

52,050 26,615 


Total 


"E 
(€ 00 AD 


N m 
the G9 IND = 00 om GE 


S 


Total 


136,341 
111,835 
120,828 

14,577 
184,615 


Table 8.—Metalliferous materials consumed in steel furnaces! in the United States 


(Thousand short tons) 
y Iron ore? Agglomerates? 
ear 

Domestic Foreign Domestic Foreign 
A ie eS 73 409 146 74 
I980.—.— e a n as Be 45 244 111 50 
198l. 0 RE 27 207 43 34 
1982 iia ti e ee ee 29 64 31 58 
1983 oa ree elie ete ieee Ls 9 96 15 33 

TRevised. 


! Basic oxygen converter, open-hearth, and electric furnace. 
nsumed in integrated steel plants only. 


“Includes ferromanganese, spiegeleisen, silicomanganese, manganese metal, ferrosilicon, ferrochromium, and 


ferromolybdenum. Includes ferroalloys added to steel outside the furnace. 
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Table 9.—U.S. consumption of pig iron, by type of furnace or other use 


1981 1982 1983 

Type of furnace ———— —— ——— 

or other use Thousand Percent Thousand Percent Thousand Percent 

short tons of total short tons of total short tons of total 
Basic oxygen converter -_____-_ 62,162 82.8 38,553 86.8 44,330 88.5 
Open-hearth _____________ 8,867 11.8 3,635 8.2 3,918 7.8 
Electric ______________.__ 583 8 496 1.1 341 7 
Cupola --------------——- 685 9 481 1.1 425 8 
Air and other furnaces! _____ __ 254 3 141 3 91 2 
Direct castings?_ ___________ 2,489 3.3 1,102 2.5 965 1.9 
Total. nc oou tese 15,040 100.0 44,409 100.0 50,070 100.0 


! Includes vacuum-melting furnaces and miscellaneous melting processes. 
2Castings made directly from blast furnace hot metal. Includes ingot molds and stools. 
3Data may not add to totals shown because of independent rounding. 


Table 10.—U.S. consumption of pig iron,’ 


by State 
(Thousand short tons) 
State 1982 1983 

Arkansag 1 1 
Connecticut __________.__ 6 5 
q AAA 2 1 
Illinois A Ge a 2,751 3,285 
Indiana. _--—---------—- 13,600 16,507 

TO WA. nunt nes 2 
Kansas _______________ 5 3 
Maine__------------—- (2) (2) 
Massachusetts ` 14 13 
Michigan... 4,212 4,535 
Minnesota _____________ 18 0 
Missouri _____________ _ 6 5 
New Jersey _________--- 3 2 
ew York _———--------— 1,003 886 
Ohio- --—------------—- 8,142 9,528 
Oklahoma _____________ 10 10 
Pennsylvania `. --------- 5,587 7,077 

OXAS n op ee 

Virginia ----.-___---._ 13 16 
Wisconsin ` 50 41 
Undistributed? __________ 8,261 8,043 
Total 6 ncs sec 144,409 50,070 


1Includes molten pig iron used for ingot molds and direct 
castings. 

2Less than 1/2 unit. 

3Includes Alabama, California, Colorado, Florida, Ken- 
tucky, Maryland, New Hampshire, North Carolina, Ore- 

on, Rhode Island, South Carolina, Tennessee, Utah, 

ashington, and West Virginia. 

*Data do not add to total shown because of independent 
rounding. 
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Table 11.—U.S. exports of major iron and steel products 


Product 


Steel mill pm 
In De looms, billets, slabs, sheet 


Wirer rods 


Structural shapes, under 3 inches 
Sheet piling ____________ _ 
Plates.. o eta m 
Rails and track accessories _ _ _ _ 
Wheels and axles_________~_ 
Concrete reinforcing bars _ _ _ _ — 
Bars, ae hot-rolled ______ 


Nails, brads, spikes, staples_ _ _ _ 
Blackplate - - - --- -------- 
Tinplate and terneplate |... 
Sheets, hot-rolled - - - - -- --——- 
Sheets, cold-rolled `... 


Other steel products: 
Plates and sheets, fabricated _ _ _ 
Structural shapes, fabricated_ _ _ 
Architectural and ornamental 
WOPK Ze 
Sashes and frames _ -- ------ 
Pipe and tube fittings ------- 
Pipe and tubing, coated or lined _ 
Bolts and nuts. - - --------- 
Forgings ______________~— 
Cast-steel rolls ` 
Railway track material ___.__-_ 


Iron products: 
Cast-iron pipes, tubes, fittings — — 
Iron castings- - - _______—__ 
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1981 1982 
Quantity Value Quantity Value 
(short ions) (thousands) (shorttons) (thousands) 

540,600 $154,511 362,299 $82,066 
102,688 44,818 25,150 13,374 
131,384 80,328 56,399 36,992 
16,176 16,065 9,580 11,761 
T, 9,654 5,623 3,406 
199,536 126,794 121,930 89,111 
78,325 51,696 36,490 25,256 
7,3 24,785 2,711 11,501 
137,317 41,927 114,740 29,705 
91,041 48,587 31,014 18,083 
58,518 57,793 48,262 41,303 
1 36,498 17,400 25,471 

4,818 9,379 1, 3,5 
472,447 841,474 430,630 791,252 
7,360 62,470 26,269 49,539 
11,949 34,152 7,089 24,232 
89,717 25,711 71,888 17,897 
381,089 220,993 240,127 118,870 
195,294 105,394 62,19 42,744 
92,485 89,378 50,770 52,198 
36,598 24,258 27,488 18,709 
51,534 73,855 25, 421 42, 991 
131,266 94,686 67,395 51,447 
2,903,863 12,275,267 1,842,313 1,601,431 

40,244 66,404 23,216 52,335 . 

172,388 390,526 119,303 - 268,678 
10,193 23,998 5,578 14,609 
12,804 39,141 10,137 39,514 
50,716 300,810 41,578 293,573 
19,470 23,806 16,037 21,630 
70,254 133,442 70,601 114,964 
58,195 144,420 46,139 89,277 
5,074 8,811 3,206 10,987 
4,458 7,386 6,611 7,544 
443,796 11,138,745 342,406 913,111 
95,386 145,519 113,185 160,091 
113,521 88,998 69,548 59,522 
208,907 234,517 182,733 219,613 
3,556,566 13,648,528 2,367,452 2,734,155 


1Data do not add to total shown because of independent rounding. 


Table 12.—U.S. imports for consumption of pig iron, by country 


Country 


Australia. --------ooooio- 
De E eme E T 


South / Africa, Republic of |... 
Sweden. ---------------—- 
Venezuela |... 2-2. 


1981 1982 
Quantity Value Quantit Value 
(shorttons) (thousands) (short tone) (thousands) 

3,707 $470 8,506 $527 

27 12 1,202 2 
138,951 15,443 146,413 16,313 
267,877 46,658 127,337 26,995 
nen - 17,116 1,560 
4,833 771 1,624 329 
45,988 . 6,972 19,445 2,966 
4,526 430 n m—— 
2,204 236 or E 
12 21 51 49 
468,125 71,013 321,702 48,940 


1983 
Quantity Value 
(short tons) (thousands) 
102,756 $27,638 
6,346 7,246 
47,024 30,478 
21,801 36,047 
2,097 11,527 
101,982 61,875 
18,516 15,833 
1,558 9,040 
34,528 9,340 
36,592 17,759 
53,992 41,626 
21,567 5954 
1,378 3,279 
257,967 404,319 
20,34 37,689 
6,916 24,326 
60,929 13,704 
188,628 826 
42,544 32,934 
50,431 41,126 
16,428 16,308 
26, 152 42. 255 
18,142 55,665 
1,198,623 1,054,794 
21,990 39,922 
65,803 | 133,037 
3,643 15,178 
9,197 ,069 
22,831 141,646 
13,025 17,533 
72,913 106,242 
33,048 55,132 
977 2,347 
3,215 4,788 
246,642 553,894 
85,513 128,523 
58,344 45,866 
143,857 174,389 
1,589,122 1,783,077 
1983 
Quantity Value 
(short ions) (thousands) 

915 $129 
185,955 14,413 
94,802 16,004 
772 101 
9,650 1,259 
20 10 
242,114 31,917 


1Data may not add to totals shown because of independent rounding. 
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Table 13.—U.S. imports for consumption of major iron and steel products 


1981 1982 1983 
Product Quantit Value i 
y Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) (short tons) (thousands) 
Steel "a v eus 
Kee billets, slabe, sheet 
ce E ee ee aa de 790,062 $212,449 716,588 $180,612: 822,483 $176,621 
Wire rods ______________ 888,456 388,315 961,768 366,267 1,188,918 392,317 
Structural shapes, 3 inches and 
over ooo 1,976,769 727,669 1,483,486 544,550 1,489,226 425,557 
Structural shapes, under 3 inches 105,412 38,027 59,711 21,732 88,288 ,298 
Sheet piling __.______-__~_ 98,718 40,512 114,864 50,810 69, 26,744 
+ AAA ns 2,447,687 ,595 1,619,538 565,989 1,393,378 945 
Rails and track accessories _ _ _ _ 282,877 109,788 20, 135,445 168,933 56,528 
Wheels and axles. neu een See 35,702 80,955 19,936 ,682 ,500 ; 
Concrete reinfo bars_____ 52,647 15,415 51,675 12,700 208,304 39,126 
Bars, carbon, hot-rolled ____.-_ 418,006 163,516 297,493 118,733 822,518 109,504 
Bars, oy, hot-rolled _______ 176,571 119,706 164,414 112,848 139,806 87,275 
Bars, cold-finished _________ 231,278 219,096 218,317 211,012 204,575 160,887 
Hollow drill steel _________- 1,442 1,588 1,462 1,761 Da 
Welded pipe and tubing - _ - - _ — 2,740,842 1,414,377 2,124,745 1,124,642 1,728,716 595,175 
Other pipe and tubing - -----— 3,827,736 3,157,481 2,984,566 3,021,885 1,124,266 : 
E AAN 412,80 332,389 346,5: 271, 478,776 316,761 
Wire nails ---_.-_______.. 303,471 160,045 264,388 140,491 374,039 ,544 
Wire fencing, galvanized -_--- 8,446 6,419 8,457 5,825 10,762 6,991 
Blackplate ----_-_--_--.- 97,836 41,353 119,395 50,482 170,420 66,939 
Tinplate and terneplate _ __ _ __ 288,414 180,390 218,394 134,718 3,819 168,413 
Sheets, bot-rolled. _ 1,628,141 526,902 1,855,024 421,498 2,080,684 545,785 
Sheets, cold-rolled `. 1, 626, 016 720,356 1 706, 708 747,464 2,425,167 ; 
Sheets, coated (including 
vanized) MCA AAN 1,303,588 604,046 1,227,867 553,108 2,059,275 863,471 
Strip, carbon, hot-rolled ___._-_-_ 24,934 10,719 ' 21,655 9,309 32,530 11,491 
trip, carbon, cold-rolled __.__- 50,866 50,218 ; 45,368 ; 55,159 
Strip, alloy, hot- E cold-rolled 
(including stainless) _ _ _ _ _ _ — 23,087 42,832 22,375 46,156 27,798 47,447 
Plates, ape strip, S electro: 
urat coated (other than 
má lead, or anc). 56,565 82,502 57,384 34,006 110,067 61,448 
Tl Others oh Be 19,898,371 10,247,660 16,536,292 8,947,182 17,034,388 6,333,636 
Other steel rige | 
Plates, sheets, strip, fabricated. — 4,832 5,526 4,016 5,447 5,536 4,430 
Structural shapes, fabricated... . 168,779 179,719 146,596 139,589 206,296 ,308 
Pipe fittings ~- - ---------- 181,829 221,691 112,680 192,912 71,161 92,146 
igid conduit -_____-____.__ 1,928 3,952 105 488,282 282 2,187 
e ties made from strip — — — - — 1,390 ,190 1,197 ; 546 
Nails, brads, s E staples, | 
tacks, not of ewire 16,123 12,709 12,135 10,013 40,670 46,977 
Bolts, nuta, rivets, washers, etc- — 445,743 491,230 422,151 471,710 450,707 413,151 
Forgings -------------—- 51,772 38,601 45, 910 33,897 ; 20,130 
Total- iia Se 822,396 954,618 744,790 1,842,878 804,095 795,481 
Iron products: 
Cast-iron pipes, tubes, fittings - 25,554 27,515 28,565 81,517 30,629 82,155 
Iron cestings ---- 71,207 56,442 75,817 72,768 94,742 76,698 
Total. ou ra 96,761 83,957 104,382 104,285 125,371 108,848 
Grand total |... 20,817,528 11,286,235 17,385,464 10,394,295 17,963,854 7,237,965 
Table 14.—Pig iron: World production, by country! 
(Thousand short tons) 
Country? 1979 1980 1981 1982P 1983* 
A ts a T548 1787 989 992 1,000 
Argentina” A 2,136 1,976 1,914 2,090 42,062 
Australia 4 cocinera e 8,610 7,672 7,529 6,565 45,561 
Austria os ee LE 4,081 ; 8,832 ,434 3,362 
Belgium AAA ee 11,878 11,614 10,724 ,638 8,818 
Brad. he ee 18,270 14,286 12,150 12,185 14,539 
Bulgarig s; 2c mcum eh RUE des 1,598 ,683 1,667 1,717 1,710 
Te TEEN P cl 4 15 15 
Canada: seno sta E 12,022 12,007 10,740 8,818 49,443 
AAA A A ee 674 714 642 600 
China aa EE 40,488 41,910 37 1,666 39,171 41,248 
COlOM DIB ioe ra ia tl *266 *308 287 271 298 
Czechoslovakia_____----ooooooooio o. 10,504 10,824 10,354 9,997 9,921 


See footnotes at end of table. 
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Table 14.—Pig iron: World production, by country! —Continued 


(Thousand short tons) 

Country? 1979 1980 1981 1982P 1983* 
EE 661 717 717 125 ' 188 
Finland: iso oon ted add e 2% ces date a el 2,247 2,226 2,180 2,157 2,205 
France ua a ee ,906 20,580 18,697 16,569 414,808 
German Democratic Republic? ____________ 2,630 709 2,691 2,369 2,205 
Germany, Federal Republic of. ____________ 38,765 37,339 35,137 30,447 29,321 

e Ee NN 362 €334 330 ` 330 330 
PUTA 0 ie a Re tic See irse 2,611 2,441 2,417 2,404 42,256 
dIB o sehr ue LA E E 9,643 9,362 10,443 10,582 10,472 
E EENS 900 T600 700 
eler 12,486 13,392 13,513 12,717 411,366 
Japan Elio rt lo iN 92,402 95,946 88,239 : 79,805 
Korea, North? ______________________ 3,200 3,300 3,300 3,300 3,300 
Korea, Republic of_______-__-_o__o o _ 5,581 6,148 8,739 9,309 8,845 
Luxembourg®___________________-___ 4,190 13,933 3,185 2,852 2,557 
Mexico? `. 5,541 5,815 6,044 5,625 45,549 
Morocco? _________________________ 13 13 13 13 17 
Netherlands _______________________ 5,307 4,771 5,071 3,987 4,090 
ew Zealand? 3 _____________________ 30 T148 T165 165 165 
e -----------------------——- 71 r675 626 532 551 
Pakistan: oa rd cos ele dal pato 420 *880 880 
Peru. 1o Led a D LE LI 288 195 3226 1153 
Poland. ood eiue 112,706 13,176 10,308 9,395 9,370 
POrtüugül- oi ebe 40 385 4 7 391 
Romania _——-------------—-———-—————- 9,787 9,934 9,763 9,521 9,590 
South Africa, Republic of... 1,150 8,284 8,119 7,454 5,746 
KEE "7,114 7,408 7,080 6,604 45,950 
e no s ou LL teo a 3,343 2,685 1,896 2,069 2,094 
Switzerland. _______________________ 32 33 
Taiwan nun rec a Ee e eim 1,940 1,857 1,775 2,971 2,976 
Thailand _________________________ 3 20 1 
NIT, KT ENEE 165 166 176 110 165 
PAE A A A 2,45 ,249 2,154 2,561 3,296 
USSR eam ce cuu anu eL T120,150 T118,259 118,792 117,642 121,805 
United Kingdom -- 14,213 1,068 10,439 a 10,472 
United States... 86,975 68,699 13,155 43,342 48,770 
Venezuela? ________________________ 1,468 2,609 2,458 2,598 42 476 
Yugoslavia 222222 oo a le 2,603 12 673 3,105 2,969 43,136 
Zimbabwe? ________________________ 44 390 33 
TOA dx l2 ec Vac a oe T586,300 T564,800 551,900 502,400 505,000 


*Estimated. Preliminary. "Revised. 
eae excludes ferroalloy production except where otherwise noted. Table includes data available through May 30, 


In addition to the countries listed, Vietnam and Zaire have facilities to produce pig iron and may have produced 
limited quantities during 1979-83, but output is not reported and available general information is not adequate to permit 
formulation of reliable estimates of output levels. 


Includes sponge iron output. 

*Reported figure. 

5Includes blast furnace ferroalloys. 

®Data may not add to totals shown because of independent rounding. 


Table 15.—Raw steel: World production, by country? 


(Thousand short tons) 
Country? 1979 1980 1981 1982P 1983* 

RT TEE 1347 1423 575 *630 660 
Angola? 2 coe A hs 11 11 11 11 11 
Argentinaca AA 3,531 2,978 2,786 3,211 3,230 
Australia 2 it 8,956 18,371 8,416 7,023 46,177 
Austria erbei e ee aL. 5,420 5,097 5,132 4,694 44 862 
Bangladesh” <a a 139 152 153 120 452 
Belgiülh- uu o a a o e 114,940 113,585 13,543 €10,900 411,194 
Brazil. a ls a ia 115,315 16,908 14,584 14,319 416,159 
Bülgara Geet ,136 2,830 2,138 ,848 ; 

Canada o ees ee a LU 17,723 17,512 16,326 12,965 *14,140 
Chil ho xe A 124 r776 710 537 680 
China- een OCS oes hee 37,953 40,918 39,242 40,960 44,040 
SA 399 446 435 491 489 


See footnotes at end of table. 
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Table 15.—Raw steel: World production, by country? —Continued 


(Thousand short tons) 
Country? 1979 1980 1981 1982P 1983* 

6 AAA a 1362 335 364 332 390 
Czechoslovakia______________________ 16,333 16,783 16,832 16,526 116,561 
Denmark EE 886 809 615 617 543 
ECUador. — umi suus c I ea ses een e) 18 29 31 24 
Nes er th a AS 882 882 992 529 660 
El Salvador? 22 15 15 11 5 6 
Einlánde- ecl e LL Le 2,155 2,166 2,616 2,661 42,663 
(NEE EE 25,750 25,547 23,433 20,300 419,414 
German Democratic Republic _____________ 7,742 8,056 8,231 7,902 7,700 
Germany, Federal Republic of____-_________ 50,750 48,323 45,867 39,551 439,386 
Greece luno ee es 1,102 1,031 1,002 1,003 1,010 
Hong Kong? ______________________-_ 130 130 130 130 130 
UDgary. -LI II LLL I LLLI 4,308 4,149 4,018 4,082 43,987 
Indi E RA AAA 11,019 *10,384 r €11,442 11,811 111,359 
Indonesia ________________________-_ 336 397 551 r €550 550 
[Pan cake E N E 41,576 71.300 71.300 1,300 1,500 
O eei oom Ui lc REL iet 388 281 50 50 50 
Ireland. 1 a Wc re Ee 19 2 35 61 60 
geneet A ée 118 127 126 *100 165 
be ARR aR oR E 26,731 29,212 27,312 26,434 123,891 
JEDE eund eL vi EE 123,181 122,792 112,078 109,733 £107,105 
JONA ocn e do ae 189 r95 1149 154 150 
Kenya? ar lia 11 11 11 11 11 
Korea, North ______________________ 3,700 3,900 13.900 13,900 3,900 
Korea, Republic of- - ----------------—- 8,389 9,434 11,854 12,955 413,134 
Luxembourg `. 2-2 2- 2222222 5,456 5,092 4,178 3,869 13,632 
Malaysiaf_________________________ 1228 230 230 230 230 
MEXICO: uua uec emu cy ue 7,845 7,888 8,383 7,769 47 625 
Morocco? _________________________ 7 7 7 7 7 
Netherlands ` 6,400 5,811 6,032 4,799 14.936 
New Zealand -—--------------------—- T244 1239 255 278 4251 
EES 17 17 17 110 150 
NOD WAY sr a td eie 1,015 941 935 847 4988 
Pakistan _________________________ 33 33 44 44 390 
WEE 481 T493 401 302 320 
Philippines - - -------------------——— 438 364 386 e390 390 
Poland o Se AA gee ha 21,184 121,479 17,327 16,309 414 991 
POPU ca a a as ia 715 720 607 556 4734 
Qatar ati et ee 418 485 499 524 520 
Romania -—-—-------------—-—--—-—-————-—- 14,230 14,523 14,358 14,391 14,440 
Saudi Arabia? ______________________ 55 80 110 440 
DINGADONG is EE 327 375 386 e385 385 
South Africa, Republic of. - - -----------—- 9,775 9,996 9,925 9,117 47,721 
311 AA A A AAA 13,563 13,874 14,233 14,506 414,034 
Sweden --------------------————-—- 5,101 4,665 4,150 4,300 44,641 
Switzerland. cua a 977 1,024 1,065 1,047 1,050 
SVEIIB oa A te ee esta 1120 1120 1120 4109 110 
Taiwan A A 3,512 3,767 3,465 4,495 45,530 
Rf AË WEE 485 496 331 344 320 
Trinidad and Tobago __________________ Ges 13 58 188 241 
NEU, TTT a o lt 194 196 196 121 182 
JS AA A A IA 2,641 2,795 2,605 3,081 43,904 
USSR AA AA 164,353 163,077 163,632 162,221 168,650 
United Kingdom ooo 23,631 12,432 17,170 15,106 416,527 
United States. o 136,341 111,835 120,828 74,577 484,615 

UYTÚQUay Sc s e c ies 18 2 
Venezuela ~~~ ee 1,625 1,967 2,003 2,531 42,476 
Vietnam” --------------------——-—- 120 ` 130 120 7130 110 
Yugoslavia canica a a Ee 3,899 4,006 4,383 4,244 14,558 
Zimbabwe_________________________ 816 886 762 582 500 
ere ee 1821,091 1786,831 776,905 707,081 724,480 


*Estimated. Preliminary. ‘Revised. 
1Steel formed in first solid state after melting, suitable for further processing or sale; for some countries, includes 
. material reported as “liquid steel," presumably measured in the molten state prior to cooling in any specific form. 

?Table includes data available through May 30, 1984. 

3In addition to the countries listed, Ghana, Libya, and Mozambique are shown to have steelmaking plants, but 
available data is insufficient to make reliable production estimates. Burma reportedly has a remelt capacity of 40,000 
tons; however, plant output, if any, is not known. 

“Reported figure. 

5Data are for year ending June 30 of that stated. 
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Iron and Steel Scrap 


By Franklin D. Cooper! 


In 1983, brokers, dealers, and other out- 
side sources supplied domestic consumers 
with 32.8 million tons? of all types of ferrous 
scrap at a delivered value of approximately 
$2.34 billion, while exporting 7.5 million 
tons valued at $637 million. In 1982, domes- 
tic consumers received 27.5 million tons at a 
delivered value of approximately $1.8 bil- 
lion while exports of 6.8 million tons were 
valued at $610 million. 

Domestic Data Coverage.—Domestic pro- 
duction data for ferrous serap are developed 
by the Bureau of Mines from voluntary 
monthly or annual surveys of U.S. oper- 
ations. Of the operations to which a survey 


request was sent, 69% responded, repre- 


senting an estimated 81% of the total con | 


sumption shown in table 2 for three types of 
scrap consumers. Consumption for the 
nonrespondents was estimated using prior 
reports adjusted by industry trends. An 
estimation error is also contained in the 
difference between the reported total con- 
sumption of purchased and home scrap and 
the sum of scrap receipts plus home scrap 
production, less scrap shipments, and ad- 
justments for stock changes. For scrap con- 
sumption data shown in table 2, this differ- 
ence amounted to 0.5%, 6.4%, and 0.2% for 
the three user industries. 


Table 1.—Salient U.S. iron and steel scrap and pig iron statistics 


(Thousand short tons and thousand dollars) 


1979 1980 1981 1982 1983 
Stocks, Dec. 31: 
Scrap at consumer plants _____________ 8,724 8,018 8,118 6,418 5,807 
Pig iron at consumer and supplier plants _ _ _ _ 881 889 859 622 345 
Total ihrer ol Le ee eue 9,605 8,907 8,977 7,040 6,152 
Consumption: 
PaD^5o e EE 98,901 83,710 85,097 56,386 61,782 
Va A A A A 87,458 69,053 75,040 44,409 50,070 
Exports: 
Scrap (excludes rerolling material and ships, 
boats, other vessels for scrapping) _ __ _ _ _ _ 11,054 11,168 6,415 6,804 7,520 
EE $1,142,406 $1,225,941 $638,644 $610,302 $636,723 
Imports for consumption: 
Scrap (includes tinplate and terneplate)__ _ _ _ 760 582 556 T474 641 
EE $70,804 $61,192 $62,126 ™$38,020 $48,219 
Revised. 
Legislation and Government  Pro- freight reductions and refunds, including 


grams.—The President in January signed 
legislation backdated to June 1981 extend- 
ing the suspension of duty on U.S. imports 
. of all scrap metals without a time limit and 
permitting U.S. scrap importers to obtain 
refunds on duties paid. The Interstate Com- 
merce Commission (ICC) in late September 
ruled that shipments of automobile shred- 
der scrap were eligible for the same railroad 


interest, as nonferrous scrap metal. In addi- 
tion to immediate rate reductions, the deci- 
sion meant that an estimated several mil- 
lion dollars would be refunded to scrap 
shippers because of excessive rates charged 
since June 1981. 

In April 1983, representatives of the Na- 
tional Association of Recycling Industries 
(NARD and the Institute of Scrap Iron and 
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Steel (ISIS) joined in a vigorous request for 
repeal of the Findley Amendment, Section 
(c), of the Export Administration Act of 
1979. The Ferrous Scrap Consumers Coali- 
tion was the strongest backer of the Findley 
amendment with the American Iron and 
Steel Institute (AISI) maintaining a quieter 
position. However, the outlook was that the 
monitoring and control of ferrous scrap 
exports would remain in the act, although 
probably more tightly defined. The US 
House of Representatives on October 27, 
supported an ISIS amendment strengthen- 
ing the short supply provision dealing speci- 
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fically with metallic scrap. The House- 
passed amendment formalized the hearing 
process required prior to undertaking moni- 
toring or controls of metallic serap exports; 
required a definition of terms such as short- 
age and inflationary impact; required spe- 
cific findings by the Secretary of Commerce; 
and required publications of these findings. 
The U.S. Senate in December had not start- 
ed floor debate on its version of the Export 
Administration Act of 1979, the second 
extension of which expired on October 14, 
1983. 


AVAILABLE SUPPLY, CONSUMPTION, AND STOCKS 


The ferrous scrap industry and the do- 
mestic steel and ferrous casting industry 
were in a period of rapid transition and 
major structural changes. 

The ferrous scrap industry showed a 
trend toward fewer small dealers in remote 
areas because scrap processing had become 
a capital intensive business requiring large 
complicated equipment and computerized 
cost and accounting systems. Many large 
wholesale processors acted as their own 
brokers for direct sales to steel mills. The 
continued existence of processors of obsolete 
scrap depended on high enough delivered 
prices to domestic consumers and the con- 
tinued existence of an export market. A 
small increase in the number and larger 
output capability of multiyard processors 
necessitated capital for additional equip- 
ment and parts to produce the higher quali- 
ty scrap specified by domestic steel and 
ferrous castings producers and for some 
grades exported. 

The ferrous scrap industry on an average 
- fared somewhat better than in 1982 because 
of increased shipments to domestic consum- 
ers. Manufacturing sectors showing gains in 
outputs included aircraft, automobiles, coal 
mining equipment, household appliances, 
iron castings, materials handling equip- 
ment, other consumer goods and materials, 
and other steel products. Sectors with lower 
output than in 1982 included capital goods, 
construction and farm equipment, contain- 
ers, heavy trucks, nonelectrical machinery, 
oilfields and gasfields tubular goods, rail- 
road equipment, shipbuilding, and steel 
castings. 

Reportedly, scrap dealers were paying 
about $22 to $25 per ton total for processing 
costs and transportation to the consumer. 
Price weakness and changing patterns in 
distribution and consumption put financial 


pressure on some small dealers and proces- 
sors who dropped out of the competition ia 
this, the second year of a small volume 
market. 

The cost of collecting and processing fer- 
rous scrap increased following the steel 
industry's changed structure and technolo- 
gy. Fewer people participated in scrap col- 
lection because smaller overall demand for 
scrap had an adverse effect on the scrap 
industry whose economic survival was gov- 
erned by the economies of scale. Some U.S. 
steelmakers moved to the elimination of 
duplicate handling and inventories by re- 
course to the “just-in-time” delivery sys- 
tems. The resulting principal benefit ensur- 
ed the movement of industrial scrap imme- 
diately to steelmaking furnaces that other- 
wise would have gone to the plants' stock- 
piles. Consignment sales or deliveries of 
ferrous scrap at unusually high levels in the 
U.S. major steelmaking regions involved an 
estimated 20% of all ferrous scrap to Mid- 
west consumers. Consignments were not 
favored in the Southeast or Southwest 
where minimills were the principal consum- 
ers. Many domestic steel mills preferred 
diminished stocks of scrap, with the result 
that large-tonnage scrap processors held 
large stocks of processed scrap to ensure 
short-time-order shipments. Currently, the 
available general purpose gondola cars suf- 
ficed to move scrap and finished steel. 

U.S. ferrous scrap exporters encountered 
increased competition from the surplus 
scrap available in economically depressed 
Western European countries; growing ex- 
ports from the Netherlands, the U.S.S.R., 
and the United Kingdom to the Far East; 
and increased shipbreaking in the Far East. 
The latter was favored by smaller labor 
costs and ocean freight rates to Japan, the 
Republic of Korea, and Taiwan, three coun- 
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tries who collectively received a large por- 
tion of U.S. scrap exports in the past 3 
years. | 

The quality of ferrous scrap demanded by 
domestic consumers and some scrap export- 
ers, particularly as affected by the total 
content of tramp elements, appeared to be 
related to three trends: the increasingly 
restrictive quality demands on existing 
steel grades; a widening of the product 
spectrum to produce more sophisticated, 
higher value steels; and the economic neces- 
sity of minimizing out-of-specification prod- 
uct. 

Such quality-related issues have led to 
controversy over two key questions regard- 
ing scrap consumption—whether a suffi- 
cient volume of high-quality scrap will be 
available to satisfy the indicated need and 
whether the overall quality of domestic 
scrap is declining. 

Some examples given of trends in prog- 
ress that could result in an overall buildup 
in residual tramp elements in scrap include 
the adoption of continuous casting and oth- 
er yield-improvement measures, especially 
in integrated mills, which reduce the avail- 
ability of low residual revert scrap and 
place greater dependence on purchased ob- 
solete scrap in the charge; and the increased 
use of certain alloy and coated steels, es- 
pecially in the automotive industry, which 
result in increased residual tramp elements 
in prompt industrial scrap in the short term 
and in obsolete scrap in the long term. 

The current typical residual content of 
selected charge materials for electric steel- 
making was reported. Combined chromium, 
copper, molybdenum, and tin residual con- 
tents ranged from 0.02% in direct-reduction 
iron (DRI) to 0.73% in No. 2 heavy melting 
- Steel scrap? 

The slow but growing interest for both 
improving and maintaining thé quality of 
top grades of scrap, principally No. 1 bun- 
dles and No. 1 busheling, was evidenced by 
several unrelated developments: Several 
minimills producing wire rod operated their 
own purchasing and processing activities to 
control quality and supply; General Motors 
Corp.'s Central Foundry Div., in a determin- 
ed move to boost the quality of its finished 
products, warned its scrap suppliers in Jan- 
uary that rejections, deviations, and poor 
quality would not be tolerated; and a Febru- 
ary substantial purchase at $92 per gross 
ton delivered to Jones and Laughlin Steel 
Corp.'s electric arc furnace plants, which 
specified that 150-pound No. 1 bundles were 
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to be free of zinc and paint and not to 
exceed 60 inches periphery. Brokers imme- 
diately increased the price of No. 1 bundles 
by $10 per gross ton delivered above the 
Pittsburgh area price of 2 weeks earlier, 
resulting in objections by Jones and Laugh- 
lin. l 

` The intensive effort by Birmingham, AL, 
area steelmakers in midyear to upgrade 
their scrap purchases resulted in price in- 
creases of No. 1 bundles and No. 1 railroad 
heavy melting grades. 

A 5,000-ton order by Armco Inc., Houston, 
TX, in September immediately impacted 
the normal scrap demand by Southwestern 
United States minimills who turned to 
lower-priced bundles, turnings, and shred- 
ded scrap. This forced scrap processors to 
change their traditional processing prac- 
tices to meet the specified maximum con- 
tents of galvanized, cast iron, and dirt in the 
lower-priced grades. 

The Connors Steel Co. minimill in Bir- 
mingham, AL, announced its closure in 
August and canceled its outstanding orders 
for No. 1 heavy melting, No. 1 bundles, and 
dealer-processed grades of railroad scrap. In 
midyear, one ingot-mold producer in Penn- 
sylvania preferred to melt substantial ton- 
nages of scrap-rail, ingot-mold scrap, and 
heavy plate scrap. Generally, in midyear, 
consumers were demanding and receiving 
premium grades of scrap as free as possible 
from tramp metals and other contamina- 
tion. , 

One unusual sale of scrap was made in 
July by the Grant Oil Country Tubular 
Corp., Houston, TX, who sold 6,000 tons of 
alloy steel pipe for about $40 per ton, (about 
1% of the original cost), reportedly for tax 
reasons and inventory reduction. Most of 
the pipe was to be used as fence posts and 
cattle guards and only a small tonnage was 
destined for steelmaking purposes. 

Resource Recovery Inc., Dade County, FL, 
sold 900 tons per week of incinerated fer- 
rous scrap at $20 per ton. 

According to ISIS, the U.S. ferrous scrap 
processing capability was 140 million tons 
per year based on a two-shift-per-day oper- 
ation. On a one-shift-per-day basis, the in- 
dustry could shred, shear, bale, crush, bri- 
quet, break, and torch 70 million tons per 
year. Hammers for medium-size shredders 
cost $1.17 to $1.35 per automobile hulk 


. shredded, while the maintenance cost ex- 


cluding hammers was $1.25 to $1.67 per ton 
of product. The investments for medium- 
size shredders were approximately $1.7 mil- 


504. 


lion for a 5,000- to 6,000-ton-per-month out- 
put; $2.0 million for a 10,000- to 15,000-ton- 
per-month output; and $3.0 million for a 
20,000-ton-per-month output. 

The distribution of several major grades 
of scrap supplied by brokers, dealers, and 
other outside sources was as follows, in 
. thousand tons: 


Domes- 
Type tic con Exports Total 

sumers 
No. 1 heavy melting. — - 7,515 ` 1895 9410 
No. 2 heavy melting. _ _ 1,927 720 2,647 
No. 1 bundles_______ 5,707 206 5,913 
No. 2 bundles Anzl--- 1,058 220 1,278 

, Shovelings, 
unn aia 898 532 1,430 
Shredded _______ _-_ 2.493 2,029 4,522 
Total. |... 19,598 5,602 25,200 
Value ____ millions . $12,973 19403 $13,376 
1Customs value. 


The scrap industry’s low-capacity operat- 
ing rate in 1982 and the first half of 1983 
resulted in mergers and consolidations of 
some processors and brokerage firms. In 
March, Steelmet Inc. sold its Metals Proc- 
essing Co. subsidiary to Marc Rich and Co. 
International for $9 million, with yards 
capable of processing 400,000 tons of scrap 
per year at Providence, RI, and Worcester, 
MA. In February, Steelmet, one of the 
largest processors and brokers of stainless 
steel scrap, filed for reorganization under 
Chapter 11 of the Federal Bankruptcy Code. 
On August 22, Luria Bros. and Co., Cleve- 
land, OH, the Nation’s largest ferrous scrap 
processor and broker, entered the stainless 
steel scrap market by a joint venture with 
the 65-year-old Matlow Co., Syracuse, NY. 
In June the David J. Joseph Co., Cincinnati, 
OH, the country’s second largest processor- 
broker, opened a nonferrous metals and 
stainless steel scrap brokerage office in San 
Francisco. 

The Samuel G. Keywell Co., Detroit, MI, a 
specialty steel scrap processing firm, moved 
' its facility from Warren, MI, to Midland, 
PA, because of the closing of the Jones and 
Laughlin, Warren, MI, melt shop. Albany 
Alloys and Stainless Inc., a new company 


engaged in the preparation and processing 


of stainless steel scrap, began operating in 
Watervliet, NY, in the former facility of 
Columbia Iron and Metal Co. Proler Inter- 
national Corp, Houston, TX, bought the 
scrap facilities of Metal Recovery Inc. (MRI) 
in Seattle, WA, and Tampa, FL, as well as 
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equipment from an MRI facility in San 
Francisco, CA, while Vulcan Materials Co., 
Birmingham, AL, purchased a MRI scrap 
yard in Elizabeth, NJ. Cozzi Iron and Metal 
Inc. acquired Snyder Iron and Steel Co., 
Chicago, IL, thereby increasing the expand- 
ed firm's capacity to 50,000 tons per month. 
Cascade Steel Rolling Mills, McMinnville, 
OR, contracted with Schnitzer Steel Prod- 
ucts Co. for 300,000 tons per year of pre- 
pared scrap. Schiavone-Bonomo Corp., 
Jersey City, NJ, installed a Wang VS 80 
computer system to provide on-line data 
and Bureau of the Census reports. Luria 
Bros. sold its Brooklyn, NY, yard to the 
newly formed Newton Steel Co. Metal scrap 
processors in Virginia maintained their sta- 
tus as manufacturers and continued to be 
exempt from Virginia's sales tax based on 
evidence presented to the State Tax Com- 
missioner. 

Traders and processors of ferrous scrap 
who filed for Chapter 7 (liquidation) in 
Bankruptcy Court included United Stain- 
less & Alloy Inc., Matthews, NC; and those 
filing for Chapter 11 (reorganization) in- 
cluded Intercontinental Metals Trading 
Corp., Charlotte, NC, and Amex Co., Corpus 
Christi, TX. 

In June, NARI and ISIS joint]y urged the 
Environmental Protection Agency (EPA) to 
exempt scrap aluminum, copper, iron and 
steel, stainless steel, and other metals from 
a new definition of hazardous metals in 
EPA's proposed rigid regulations. 

Several unrelated substances affecting 
safety in the processing or use of ferrous 
scrap made news headlines. At The Auburn 
Steel Co. minimill in Auburn, NY, on Feb- 
ruary 21, 60 tons of radioactive scrap was 
melted containing cobalt 60 that was traced 
to obsolete hospital equipment in the scrap 
charged into two electric furnaces. An ex- 
amination of 60 workers in the plant show- 
ed that body exposure was less than the 
New York State’s minimum for radioactiv- 
ity level. The contaminated billets, 40 tons 
of baghouse dust, and a substantial amount 
of slag were moved to a federally approved 
disposal site and 60 tons of unmelted scrap 
was sent to an isolated area of the steel 
plant. A 3-week cleanup period cost the 
company $1.2 million. 

ISIS continued to oppose the installation 
of air bags in automobiles because the 
presence of a cannister containing sodium 
azide as the propellant posed a threat to life 
and property when processing an automo- 
bile hulk. 
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The EPA sealed off the site of the Brady 
Iron and Metal Inc. in Newark, NJ, after 
1,000 to 5,000 parts per billion of dioxin was 
found in soil samples taken in the scrap 
yard in mid-October. New Jersey officials 
stated that the toxic chemical had been 
contained in scrapped vessels and piping 
received from several chemical companies. 

Installed capacity and new equipment or 
processes available to the ferrous scrap 
industry indicated that the annual U.S. 
ferrous scrap-processing capacity in late 
1983, on a one-shift-per-day operating basis, 
was as follows, in million tons: 


Equipment 
Capacity 
Type Numbe 

Balers AAN uro lee no 1,200 16.0 
Fee guillotine shears ____ + 1,000 17.0 
Alligator shears `... 2,150 4.8 
Shredders _______________ 200 13.1 
Turnings crushers |. 150 2.2 


The Luntz Corp. of Cleveland, OH, in- 
stalled “the largest shear in the world," 
reportedly capable of cutting railroad cars, 
at a total cost of $3 million, including 
components and train tracks. 

New scrap processing equipment made by 
U.S. manufacturers included heavy-duty 
balers made by Mac Corp., Grand Prairie, 
TX, and the Balemaster Div. of East Chica- 
go Machine Tool Corp.; the LS-3400 SL 
hydraulic scrap crane developed by FMC 
Corp., Cable Crane and Excavator Div., 
Cedar Rapids, IA; Models 300 SH, 325 SH, 
and 350 SH hydraulic scrap handlers by the 
Bucyrus-Erie Co., Milwaukee, WI; the Ro- 
Con process by WCS International, Ana- 
‘heim, CA, for loading scrap for export; a 
new concept of a locomotive crane by the 
American Hoist and Derrick Co., St. Paul, 
MN; a new Bulldog Metals Cleaning System 


offered by Hammermills Inc., Cedar Rapids, - 


IA; the Model RB-120 Automatic Rail 
Breaker by Harris Press and Shear Inc., 
Cordele, GA; the American Model 480 Grab 
upperworks for locomotive cranes by Amer- 
ican Hoist and Derrick Co., St. Paul, MN; 
the Weigh Mate 82 computerized weighing 
and billing system, a product of Ameacon 
Inc., Round Rock, TX; the Triple R Recycle 
System by Delano D. Van Over and Associ- 
ates Ltd., Minden, NV; the P- and S-types of 
Allied-Gator shears by Allied-Gator Inc., 
Youngstown, OH; a stroke adjustor mech- 
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anism for shears by the Enterprise Co., 
Santa Ana, CA; a new Mosley 330 shear 
made by Hustler Conveyor Co. and installed 
by a scrap processor in Toledo, OH; the 
Newell Double Feed Roll shredder devel- 
oped by Newell Manufacturing Co., San 
Antonio, TX; new spectrometers by Bausch 
and Lomb Optical Co., ARL Div., Sunland, 
CA; the Clandon Metascop, a portable unit 
distributed by Jack J. Levand Steel and 
Supply Corp. Los Angeles, CA; and the 
EDXRF X-ray spectrometer by Kevex Corp., 
Foster City, CA. 

The world renowned firm, Thyssen Hen- 
schel, of Kassel, Federal Republic of Ger- 
many, continued to offer proven types of 
hydraulic guillotine shears, hydraulic bal- 
ing presses, and scrap grinders, while Offici- 
na Metallica S.p.A., Bologna, Italy, offered 
its Model AL-40 baler to produce small 
bales of ferrous scrap. 

Activities associated with trade associa- 
tions and other ferrous scrap-related groups 
included a February meeting of representa- 
tives of AISI and the 1,223-member ISIS 
with officials of the U.S. Department of 
Defense and the U.S. Department of Com- 
merce to seek support to have U.S. railroads 
increase the number of gondola cars avail- 
able to the scrap and steel industries. Also, 
ISIS expressed extreme disappointment 
with the U.S. Department of Transporta- 
tion's study of alternatives to replace the 
vehicle use tax effective July 1, 1984, en- 
acted by the Surface Transportation Assist- 
ance Act of 1982. 

Scrap-related publications included an 
ISIS safety manual advising shredder oper- 
ations to reject all vehicles with fuel tanks; 
a study by Arthur D. Little Inc. in collabora- 
tion with the Automobile Dismantlers and 
Recyclers Association on the used parts 
industry; a report on automobile shredder 
residue prepared by the Metal Scrap Re- 
search and Education Foundation, the re- 
search arm of ISIS; and the recovery of 
nonmagnetic metals from automobile 
shredder rejects.‘ 

Steel mills accounted for 74.3% of all 
scrap received from brokers, dealers, and 
other outside sources; steel foundries receiv- 
ed 3.2% and iron castings producers receiv- 
ed 22.5%. 

The apparent consumption of scrap, in 
million tons, consisted of 34.2 net receipts, 
21.9 home scrap, and 0.6 withdrawals from 
stock for a total of 62.1. 


506 


Stocks of ferrous scrap and stainless steel 
scrap held by domestic consumers were 
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as follows, in thousand short tons: 


Ferrous Stainless steel 
Consumer En 
Dec. 31, 1982 Dec. 31,1983 Dec. 31,1982 Dec. 31, 1983 
Steel manufacturers... ~~ ~_____ llc 5,383 4,849 92 104 
Steel castings manufacturers ___________________ 153 138 6 6 
Iron castings manufacturers __________________-_~- 188 108 2 2 
Total ee elt aet Au s 6,319 5,695 199 ` 112 
1Data do not add to total shown because of independent rounding. 
TRANSPORTATION 


Gondola cars owned by Class I railroads 
totaled 129,423 at yearend compared with 
134,763 units on December 31, 1982. Class II 
railroads, switching terminal companies, 
and private owners had 42,131 gondolas at 
yearend compared with 42,168 units on 
December 31, 1982. In the third quarter, 
Class I railroads scrapped 170 gondolas and 
added 50 units to their fleet. The relatively 
low rate of finished steel production and 
increased shipments of ferrous scrap by 
trucks and barges precluded a shortage of 
gondola cars. 

ISIS, whose members processed and 
shipped about 90% to 95% of the ferrous 
scrap sold domestically or for export, ob- 
jected to the Waterways Freight Bureau’s 
Proposal No. 7312 whereby shippers would 
be obligated to pay the same barge rates as 
those charged for finished iron and steel 
products. The proposed rates would be in- 
creased by 31% to 57%, representing about 
$1.56 to $3.97 per ton. 

The Chessie System Railroads Corp. 
(CSX) filed an application in November 
with the ICC to assume control of American 
Commercial Lines Inc., one of the largest 
transportation companies having 1,600 
barges and 61 tugboats on inland water- 
ways. 

In July, Consolidated Rail Corp. publish- 
ed a 38-page booklet simplifying numerous 
tariffs on ferrous scrap. CSX, in December, 
released an illustrated booklet showing the 
specifications and chemistry of the ferrous 
scrap offered for CSX’s monthly sales. An 
ISIS transportation manual cautioned 
against overloading rail cars with scrap. 

By 1985, L. B. Foster Co. expected to 
recover usable components and scrap from 
3,000 miles of abandoned railroads. 

In December, the U.S. Department of 
Transportation allocated $12.5 million 


to the Federal Railroad Administration’s 
Local Rail Association Program for fiscal 
year 1984, primarily to rehabilitate 23,000 
miles of branch lines. 

Several factors seriously affected rail car 
builders and their purchases of iron cast- 
ings and steel products. The continued 
slump in the domestic mill shipments of 
almost every product sold to the railroads 
and to carbuilders dwindled to the lowest 
level in many years. The market for railcar 
wheels and axles continued at a low level. 
In 1982, 71,496 tons of forged wheels and 
30,874 tons of axles were shipped from 
domestic mills, while shipments of wheels 
through April were 40% less than in the 
first 4 months of 1982 and shipments of 
axles were down 63%. 

The major problem was a surplus of rail 
cars owned and stored by Class I railroads 
that totaled 263,000 on January 1 and 
178,000 at yearend. As a result, their few 
new orders were principally for specialty 
use cars. For example, new cars on order 
August 31, 1983, totaled 3,851 compared 
with 5,175 on August 31, 1982. In the first 8 
months of 1982, 14,927 cars were delivered, 
considerably more than the 3,316 delivered 
in the first 8 months of 1983. On December 
31, 1983, revenue freight cars of all types 
totaled 1,542,278 compared with 1,587,537 
on December 31, 1982. 

The Seaboard System ordered 300 coal 
cars having aluminum bodies from Santee 
Cooper, the South Carolina Public Service 
Authority, for which the cars will be built 
by Portec. The Santa Fe Railroad was con- 
verting 350 bulkhead flatcars into single- 
trailer platforms and the Norfolk Southern 
Railroad completed the transformation of 
500, 50-foot boxcars into 250 articulated 
single-platform intermodal cars. 
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PRICES 


The calculated weighted delivered price 
for all types of ferrous scrap received in 
1983 by domestic consumers from brokers, 
dealers, and other outside sources was as 
follows: 


ae. Delivered value 
ousan 
Ee short (per short (millions) 
tons) ton) 

Steel manufactur- 

ers ________ 24,371 $73 $1,785 
Steel castings man 

ufacturers __ _ _ 1,052 76 80 
Iron castings man- 

ufacturers __ _ _ 7,385 64 475 

Total or aver- 
age ______ 32,808 71 2,340 


Receipts of all types of scrap accounted 
for $25 to $26 of the $527 per ton average 
price of finished steel shipments; for $114 to 
$115 per ton of steel castings shipped; and 
$53 to $54 per ton of iron castings shipped. 
Total domestic receipts were 1496 greater 
than in 1982. A $3 per gross ton increase in 
bids for No. 1 automobile bundles in Novem- 
ber reflected the interest by a few steel 
mills in some areas of the country for prime 
industrial grades almost to the exclusion of 
dealer grades. By October, large integrated 
mills restrained their enthusiasm for scrap 


as they increased their consumption of iron 
ore. In November, unexpected purchases by 
several minimill in the Southeastern 
States pulled scrap from distant markets 
and distorted local price relationships. 

Pittsburgh area scrap consumers in Au- 
gust lessened their interest in near-term 
deliveries of No. 1 grades. This caused a $2 
per gross ton decrease in price in that area. 
In late December, substantial tonnages of 
ferrous scrap were purchased for delivery to 
the long-idle electric furnaces of Jones and 
Laughlin’s Pittsburgh works. The firm re- 
portedly paid $120 per gross ton delivered 
for both No. 1 busheling and No. 1 dealer 
bundles. 

Because ferrous scrap prices in the first 
three quarters of 1983 were cheaper than 
blast furnace iron, steelmakers used more 
scrap in their furnaces. Steelmakers pre- 
ferred top grades of scrap for maximum 
productivity and were willing to pay more 
for them. The startup of several blast fur- 
naces increased the consumption of iron ore 
resulting in a smaller demand for mill 
grades of scrap. 

The range of values of the four major 
grades received by domestic purchasers 
from brokers, dealers, and other outside 
sources was as follows: 


Quantity Monthly val hort ton) 

Grade (thousand nae — ae Es E : 
short tons) (millions Minimum Maximum Average 
No. 1 heavy melting___________________ 7,515 $491 $61 $87 $74 
No-Lburndles —-------------------—— 5,707 456 64 97 80 
Shredded -- ce ets Pe ee eS i 2,493 178 58 84 72 
No. 1 busheling- ` -----------------——- 1,716 132 63 92 77 
d o5: ss asp it o a 17,431 1,258 XX XX XX 


XX Not applicable. 
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Figure 1.—Raw steel production (AISI), total iron and steel scrap consumption, pig iron 
| consumption, home scrap production, and net scrap receipts. 


FOREIGN TRADE 


According to the Bureau of the Census, 
ferrous scrap exports totaled 7.5 million 
tons, up 11% over those of 1982. Exports, in 
thousand tons, ranged from 805 in June to 
372 in February. 


The customs value of total scrap exports 
from the United States averaged $84.67 per: 
ton compared with $89.70 per ton in 1982. 
The tonnages and values were as follows: 


Customs value 
Quantity 
Type (short Total Average 
tons) (thou- per short 
sands) ton 
Ferrous -_-_-_-- 1,952,942 $577,506 $78.54 
Stainless steel _ _ _ _ 80,154 44,071 549.83 
Alloy steel (exclud- 
ing stainless) _ _ — 86,828 15,146 174.44 
Total or average_ 7,519,924 636,723 84.67 
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Japan, the Republic of Korea, and Turkey 
collectively received 4,676,433 tons valued 
at $347,455,000 of the total scrap exported. 

The tonnages and values of total scrap 
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exported from 41 customs districts located 
in the 5 geographic areas and the leading 
district in each area were as follows: 


, Average 
Number of uantity Customs 

le ren ane ict customs (thousand value ane 

BOING CINE districts short tons) (thousands) hort as 
DTP We eC a erte is a 15 2,918 $237,271 $81.43 
New York: NY ee E we E es XX 1,408 111,019 78.85 
Great Lakes eet bas aa aa as 5 905 58,914 65.10 
Detroit. MI os a eee XX 464 27,688 ,09.67 
Gulf coasts oe ee ee a ew em dE us 5 641 50,799 79.25 
New Orleans, LA ------------------------- XX 412 31,662 76.85 
Inland. ous E ee Be ie 9 684 52,019 82.05 
Láredo TX nce cee cnm neue umm ces eruca ee See XX 865 81,589 86.55 
West coast o eee 7 2,427 287,720 97.95 
Los Angeles, CA - - -- -- - -~ ------------------- XX 906 96,910 106.96 
Total or average all areas --ooooooocooooooo- 41 7,520 636,723 84.67 
Total or average 5 leading districts- - -- ---------- XX 3,555 298,868 84.07 


XX Not applicable. 


The tonnages and values of stainless steel 
scrap and alloy steel scrap (except stainless) 


Area 


East coast: 
Stainless steel |... 


Total or average 
stainless steel 

Total or average 
alloy steel _ ` _ 


Imports of ferrous scrap totaled 640,745 
tons valued at $48,218,681. The Detroit 
customs district handled 326,399 tons; the 
Seattle customs district handled 145,229 
tons; and 29 other customs districts collec- 


exported from the five geographic areas 
were as follows: 


Customs value 
"d ripio (average 
Bho (thou- 
tons) per short 
sands ton) 
23,760 $12,775 $537.67 
14,530 4,730 325.53 
5,870 2,624 447.02 
11,310 1,652 146.07 
6,540 3,675 561.93 
7,670 1,434 186.96 
2,580 1,838 112.40 
15,120 1,844 121.96 
41,400 23,668 571.69 
38,200 5,614 146.96 
80,150 44,580 556.21 
86,830 15,274 175.91 


tively handled 169,117 tons. Canada sup- 
plied 589,645 tons valued at $41,754,057; 
Mexico supplied 32,590 tons valued at 
$2,061,142; and 18,510 tons valued at 
$4,403,412 came from 22 other countries. 


WORLD REVIEW 


Foreign-made processing equipment and 
additional shipbreaking activities contribut- 
ed to the worldwide ferrous scrap supply, 
portending stiff competition as early as 1986 
for some grades of scrap exported from the 
United States to the Far East. 

New scrap processing equipment offered 


by foreign manufacturers in 1983 included 
the Elden Shear Nibble M-7 by E. Laursen 
Masinfabrik of Denmark for the mechanical 
separation of ferrous and nonferrous met- 
als. More than 700 scrap shears manufac- 
tured by Lindemann KG GmbH & Co., Dus- 
seldorf, Federal Republic of Germany, were 
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in operation throughout the world. Linde- 
mann’s equipment was marketed in the 
United States by Lindemann of America 
Inc., Barrington, IL. 

Lindemann was manufacturing a new 
type of baling press for a large East Europe- 
an state organization to compact 85,000 to 
118,550 pounds per square inch tensile 
strength steel turnings. The maximum pres- 
sure force of the baler at 1,800 metric tons 
produces a bale density of 312 pounds per 
cubic foot. The usual bale weight will range 
from 110 to 132 pounds depending on bale 
length, at an output rate between 6 and 7 
tons per hour. 

Thyssen Henschel, Kassel, Federal Re- 
public of Germany, received an order for 
four balers from Société Nationale de Side- 
rurgie of Algeria, for delivery at 1-month 
intervals beginning in September. 

J. McIntyre Machinery Ltd. of Notting- 
ham, England, developed a high-speed 5025 
metal baler, three of which were purchased 
by scrap processors in England by midyear. 
Sheppards Waste Recovery Services Ltd., 
Rochdale, England, ordered a 250-ton-per- 
hour shredder scheduled for operation in 
April 1984. J. A. Williams & Sons Ltd. 
Industrial Services in 1983 introduced to 
the United Kingdom a materials-handling 
crane featuring a counterbalance weight 
linked to the forward arm. This equilibrium 
crane was made by Sobemai in Belgium. 

Taiwan continued to dominate shipbreak- 
ing, although its share was reduced by 
approximately 30%. The Republic of Ko- 
rea’s shipbreakers achieved a share of 25% 
during the year, while Bangladesh, India, 
and Pakistan  shipbreakers collectively 
accounted for about 11%. China and Thai- 
land began to make their presence felt in 
the market, with China establishing a share 
of 5%. Most of the increases occurred in the 
first half of the year, with activity declining 
in the last quarter, particularly for very 
large cargo carriers (VLCC). 

Prices reversed the trend of 1982, rising 
steadily throughout the year, by about $40 
per long deadweight ton for sales to the 
Republic of Korea and Taiwan breakers, 
and by $22 per ton for sales to Pakistan and 
Spain. In September, following the cessa- 
tion of the Taiwan shipbreaking cartel, 
China Dismantled Vessel Trading Corp. 
(CDVTC), many breakers expected prices to 
increase considerably as a result of increas- 
ed competition; however, prices remained 
fairly stable thereafter. 

China’s rapidly developing shipbreaking 
industry by midyear had purchased 11 ships 


totaling 400,000 deadweight tons at prices 
ranging from $103 to $109 per long ton. Two 
new yards in the Shanghai area bid for 
VLCC on the open market without success. 


Most of the tonnage of VLCC was outside 


Far Eastern waters and increasing competi- 
tion for such vessels among the Republic of 
Korea, Taiwan, and other breakers increas- 
ed the prices of such vessels. China invited 
the Shipbuilders Association of Japan to 
send a survey team to advise on extending 
the industry. 

Greece’s Economic Ministry announced 
three new shipscrapping ventures costing 
$23 million. One, by Greece, the Republic of 
Korea, and Taiwan interests, was a venture 
in Alexandroüpolis having a 400,000-ton- 
per-year scrap output; a second activity in 
Crete would produce 200,000 tons per year 
of scrap; and a third on an unidentified 
Aegean island would produce 78,000 tons 
per year. Greece's state commercial bank 
reportedly was involved in a project to 
construct a breaking yard of unknown out- 
put in Eleusis near Athens. These ventures 
would suffice to serve Greece's steel indus- 
try and Turkish steelworks near Istanbul 
and Izmir, although political difficulties 
could be an obstacle. 

The Japanese Government attempted to 
further induce the country's shipowners to 
scrap their obsolete vessels to stimulate 
Japan's shipbreaking industry. Under the 
old program the response was poor, with 
only 250,000 tons scrapped out of 3 million 
tons targeted for demolition by the end of 
the fiscal year (September 1984). Most Japa- 
nese tankers sold for breaking went to 
Taiwan for approximately $116 per ton. 

Inchon Iron & Steel Co. Ltd., a subsidiary 
of the Hyundai Corp., the world's leading 
shipbreaker and the Republic of Korea's 
largest shipbuilder, increased its ship- 
demolition activities to 1.12 million tons per 
year in 1982. Inchon, with seven berths, 
planned to increase its annual breaking 
activity to 2.24 million tons. Prices paid in 
1983 for obsolete ships ranged from $65 to 
$88 per ton for small tonnage vessels to $107 
to $113 per ton for VLCC. Gas and vapor 
removal from tankers added approximately 
$1 to $2 per ton to the purchase price. 

Shipbreaking activity in India's Gujarat 
State boomed by midyear with 13 ships 
already beached and 47 more scheduled for 
breaking by yearend. Of India's 700,000-ton- 
per-year target, Gujarat was expected to 
produce 300,000 tons per year in new yards 
near Bhavnager and Jamnagar. This up- 
turn was a bonus for local rerollers who 
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obtained suitable scrap from the yards. 

Plans were made for a new yard costing $2.3 
million to handle ships up to 12,000 dead- 
weight tons at the Port of Haldia in West 
Bengal. This yard will be built either by a 
private company or by the state-owned 
Metal Scrap Trade Corp. Ltd. (MSTC) of 
Calcutta. The Great Eastern Shipping Co. 
recommended that the Indian Government 
scrap 200 poor-fuel-efficiency vessels built 
in the 1970’s. Most vessels broken in India 
were bought from foreign shipowners. 

A Pakistani Government committee rec- 
ommended that the budget decision made in 
July be reversed to decrease the customs 
duty on vessels for scrapping from 85% to 
50% and the import duty be levied at a 
fixed rate based on a deadweight ton in- 
stead of ad valorem basis. Pakistan’s ship- 
breaking industry supplied 90% of the fer- 
rous metal requirements of the country’s 
rolling mills. The demand for ship scrap 
was currently about 1 million tons per year 
representing $21 million in custom duties. 
The Gadani Beach shipbreaking activity, 
including beaching facilities, said to be the 
world’s second largest facility, was given a 
$15 million grant by the Muslim Commer- 
cial Bank to expand capacity. Gadani’s 
shipbreaking scrapped 6 vessels in 1973 and 
154 in 1982-83. 

The number of tankers that eventually 
could have been laid up or scrapped was 
reduced by Saudi Arabia’s precautionary 
step in the last 2 months requiring the 
loading and shipping of an emergency float- 
ing stockpile of 50 million barrels of crude 
oil. Thirty tankers were leased for this 
purpose at a daily charge of $17,000 for each 
tanker. Some of the loaded vessels were 
outside the entrance of the Persian Gulf 
and others were enroute to Bantrey Bay in 
Ireland, the Carribean area, and Okinawa, 
Japan. 

A planned Spanish expansion program, 
involving sites at Barcelona, El Ferral, Gi- 
jon, and Santander, could revive the ship- 
breaking industry and enable the industry 
to scrap 10 VLCC annually. Ships received 
for breaking in the first half of the year 
totaled 195,000 tons compared with 150,000 
tons in the same 1982 period. 

Far Eastern shipbreaking markets before 
October were unsettled because of dissatis- 
faction with Taiwan’s CDVTC cartel that 
was formed September 24, 1982. Finally, in 
late November, 57 of the 60 total CDVTC 
members voted to abolish the system of 
unified purchasing and revert to a free 
trade system. Four members of CDVTC 
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withdrew from the system and commenced 
individual purchase negotiations that in- 
cluded: four American Oil Co. tankers, one 
of which was only 4 years old, at $117 per 
ton. Previously, CDVTC bought obsolete 
ships for breaking and then auctioned them 
among its members in the Far East. 

The Taiwan Government banned the im- 
port of parts of obsolete ships in containers. 
At midyear, breakers held 55 obsolete ships 
aggregating 1 million long tons. By mid- 
August, stocks of 51 vessels totaled 954,000 
long tons and purchase prices were leveling 
off. In February, the CDVTC paid $71 to $82 
per ton for large tonnage vessels. Prices 
paid in India and Pakistan increased from 
$49 to $70 per ton in January to $60 to $82 
in May. 

A group of foreign and Thai investors 
intended to invest $13 million in a 600,000- 
ton-per-year breaking facility at Prachaub 
Khiri Khan, Thailand, near a site favored 
for a planned integrated steelworks. The 
breakers planned to buy obsolete ships in 
Hong Kong and Taiwan and sell rerollable 
plate and scrap steel to domestic and over- 
seas customers. One VLCC was bought for 
$109 per ton for breaking on the island of 
Sri Racha. 

Vessel demolition practices by Shipbreak- 
ing (Queensborough) Ltd. were cited for 
safety violations during the breaking of the 
British aircraft carrier Ark Royal at Cairn- 
yan, Scotland. Meanwhile, the United King- 
dom Ministry of Defense imposed new regu- 
lations on the sale of those obsolete ships 
posing the asbestos hazard. 

A new joint Venezuelan-Spanish venture 
shipbreaking company, Astilleros Navales 
Venezolanos S.A., planned in November to 
start breaking vessels up to 60,000 dead- 
weight tons at Los Taques in the Paraguaná 
Peninsula. A part of the 100,000-ton-per- 
year scrap output would go to state-owned 
steelmaker C.V.G. Siderürgica del Orinoco 
C.A., whose imports were 30,000 tons per 
year. 

European Communities (EC).—The Eu- 
ropean Independent Steelworks Associa- 
tion, principally representing minimills, re- 
quested the EC to impose a ban on exports 
of ferrous scrap to nonallied countries. Brit- 
ish scrap merchants objected to the request, 
claiming that exports to nonallied countries 
have provided the only outlet for the excess 
of scrap in the United Kingdom. Converse- 
ly, the British Steel Corp. (BSC) claimed 
that exports resulted in periodic shortages 
of higher grades of scrap. Spain, a non-EC 
country, was the destination for 70% of 
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scrap exported by British merchants who 
claimed that exports were the key factor in 
their return to profitability. Reportedly, the 
president of Deumu Deutsche Erz-und 
Metall-Union GmbH, one of the three larg- 
est ferrous scrap companies in the Federal 
Republic of Germany, stated that no steel 
mill in Europe had suffered from an inade- 
quate scrap supply in 1983 as a result of the 
rise of exports to nonallied countries. Repre- 
sentatives of Belgium-Luxembourg met 
November 30 to discuss the availability of 
scrap in these countries, which are tradi- 
tionally net importers of scrap. 

Scrap purchases, including imports, with- 
in the EC totaled 27.9 million tons in 1982 
compared with 29.0 million tons in 1981. 
Italian consumers purchased 11.4 million 
tons in 1982 and 11.5 million tons in 1981. 
Stainless steel scrap was in short supply in 
Northern Europe, but prices in 1988 were 
not high enough to interest U.S. suppliers. 
Some scrap dealers increased their exports 
of ferrous scrap to cope with the sluggish 
steelmaking rate in Europe, thereby slow- 
ing the rise in U.S. steel scrap export prices. 
In Belgium, steelmakers, aided by Govern- 
ment subsidies, were purchasing ferrous 
scrap abroad, while the Netherlands export- 
ed scrap to the Far East on a large scale. 

The International Iron and Steel Insti- 
tute, Brussels, Belgium, published a report 
titled "Scrap and the Steel Industry." The 
report included trends and prospects for 
scrap and other solid metallics used in the 
iron and steel industry. 

The President of the Bureau Internation- 
al de la Recuperation (BIR), in a European 
electric steel conference in September at 
Aachen, Federal Republic of Germany, stat- 
ed that the current world annual consump- 
tion of ferrous scrap was about 386 million 
tons, 90% of which was used in the steel 
industry. He further stated that from 1972 
to 1981, world consumption of scrap, as a 
percentage of raw steel produced, fell from 
44% to 40% as a result of the decline in 
open-hearth steelmaking operations that 
was not matched by a corresponding reduc- 
tion in blast furnace capacity, growth in the 
use of DRI, the use of more pig iron in 
electric furnaces, and a reduction in home 
scrap production because of the growth of 
continuous casting. A director of the West 
German Iron and Steelmakers Association, 
at the spring convention of BIR in Ham- 
burg, Federal Republic of Germany, stated 
that the U.S. ferrous scrap reservoir serves 
as a supply buffer for the rest of the world. 
U.S. scrap-processing capacity exceeds de- 
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mand and is a factor that could bring about 
a drastic reduction in the use of iron ore in 
steelmaking. 

France.—French steelmakers were not 
interested in increasing electric-furnace ca- 
pacity, preferring instead the blast-furnace 
route. The use of the dominant L-D steel- 
making process left France with a large 
surplus of scrap for export in 1982, of which 
2.65 million tons went to EC countries and 
750,000 tons went to nonallied countries. 

Germany, Federal Republic of.—Exports 
of ferrous scrap in 1982 comprised 2,701,000 
tons to EC members and 333,000 tons to 
nonallied countries, while exports in the 
first half of the year totaled 1,499,000 tons. 
Higher price levels abroad attracted ferrous 
scrap away from the domestic market 
where Ruhr steelmakers in May and July 
held to their purchases of grade 0 scrap, at 
least one-eighth inch thick, at $45 per ton. 
In October, the steelmakers had to pay $58 
per ton for grade 0 scrap. 

The Tinplate Information Center tested a 
mobile, lightweight shredder to increase the 
iron content of municipal incinerator resi- 
due from the normal 50% to a 70% level. 
The steel industry removed its 250,000-ton- 
per-year minimum on incinerated scrap 
that it was obliged to take. 

Greece.—The American exporter, Hugo 
Neu, shipped 22,000 tons of shredded scrap 


Lo Greece in September at about $83.50 per 


ton, f.o.b. U.S. east coast, corresponding 
with the lowest price quoted by U.S. export- 
ers for No. 1 heavy melting steel scrap. 

Hong Kong.—The scrap market was dom- 
inated by the minimill of Shui Wing Steel 
Ltd., which consumed 60% of the colony’s 
25 ,000-ton-per-month scrap arisings. This 
steelmaker in midyear began taking sup- 
plies direct from collectors, in a move to 
bypass local scrap merchants and stabilize 
supplies. 

India.—MSTC predicted that India would 
import about 772,000 tons of ferrous scrap 
in the fiscal year starting April 1, and that 
no stainless steel scrap would be imported 
because the 65% import duty made it un- 
economical. MSTC expected that India’s 
minimills would need, in the same fiscal 
year, 1,102,000 total tons comprising im- 
ported scrap and ships for breaking. 

Indonesia.—The  electric-furnace steel- 
maker, Ispat, made its second import pur- 
chase for August shipment of 18,000 tons of 
shredded scrap from U.S. gulf exporter, 
Southern Scrap, through the trader, Klóck- 
ner & Co. of the Federal Republic of Ger- 
many, for $104 to $105 c.i.f. per metric ton. 
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An earlier import purchase was made from 
Hugo Neu, a U.S. west coast exporter. Ispat 
estimated its imports at 110,000 tons. Ex- 
cept for stringent Indonesian discharge reg- 
ulations permitting no vessels other than 
ferrous scrap carriers, Klóckner might in- 
stead have bought a cargo from Hugo Neu. 
Indonesia's state-run electric-furnace steel- 
maker, P.T. Krakatau Steel, contracted 
with Hugo Neu via the Japanese trader, 
Nissho-Iwai Corp., for a 25,000- to 28,000-ton 
cargo comprising three-fourths No. 1 heavy 
melting and one-fourth shredded for $104 to 
$105 per ton. 

Italy.—Italy imported 4.3 million tons of 
ferrous scrap from EC countries and 1.1 
million tons from nonallied countries in 
1982. According to Assofermat, the Italian 
scrap federation, collection of scrap in Italy 
in 1988 was halved in some areas because of 
closures of many metalworking companies. 
Supplies from France were affected by 
France's industrial recession; scrap from 
the Federal Republic of Germany was ab- 
gent from the Italian market, while Austria 
and other nonallied countries offered high- 
er prices than did Italy. The supply of scrap 
was small and, because the demand and 
domestic prices had fallen, Italian steel- 
makers requested a temporary ban on EC 
exports of ferrous scrap. The requests were 
studied by an EC committee, whose 10 
members were not expected to remove the 
ban. Because the prices paid in Italy for 
French and West German scrap had nearly 
doubled, any ban on EC exports to nonallied 
countries would have an immediate effect 
resulting in India and Spain turning to U.S. 
dealers for additional scrap requirements. 
To counter the EC ban on exports, Italian 
consumers bought 60,000 tons of U.S. scrap 
for December delivery. 

Japan.—Some Japanese steelmakers in- 
creasingly depended on imports because of 
the deterioration in quality of domestically 
produced scrap. These steelmakers intended 
to level off the prices of such scrap by 
continuing sporadic purchases. 

Japanese imports of steel scrap totaled 
4.3 million tons. Principal suppliers were 
the United States, 59%; the U.S.S.R., 10%; 
and the Netherlands, 9%. 

Freight rates on 20,000- to 45,000-ton 
cargoes of ferrous scrap to Japan included 
the cost of the lay days required during 
loading and unloading operations at rates of 
2,000 to 4,500 tons per day. Export price 
offers, f.o.b. U.S. east coast ports, were $86 
to $88 per ton, with ocean freight costs rang- 
ing from $20.80 to $22.40 per ton for ship- 
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ments in the July 1988 to February 1984 
period. In the same time period, export 
prices offered, f.o.b. U.S. west coast ports, 
were $89 to $91 to which were added freight 
rates of $16.40 to $17.40 per ton. Other 
freight rates, per ton, for ferrous scrap 
destined for Japan were $22 from Cardiff, 
Wales; $20 from Liverpool, England; and 
$16 from Rotterdam, Netherlands. 

The Japan Iron and Steel Federation 
reported in 1983 that in the first 10 months 
Japan exported 98,700 tons of ferrous scrap 
including 1,084 tons of alloy steel scrap, of 
which 447 tons went to Taiwan. The Federa- 
tion reported total imports of ferrous scrap 
in the same time period as 3.36 million tons, 
which included 105,000 tons of alloy steel 
scrap, of which 52,000 tons came from the 
United States, 18,000 tons from Taiwan, and 
12,000 tons from Hong Kong. Imports in the 
first 10 months of all types of ferrous scrap 
from the United States totaled 2,058,034 
tons, while 445,800 tons came from the 
U.S.S.R. at about $95 per ton. The Federa- 
tion reported that at the end of August, pig 
iron and ferrous scrap stocks totaled 7.5 
million tons after decreasing for 5 consecu- 
tive months. Nippon Steel Corp., Kawasaki 
Steel Corp., and Daido Steel Co. Ltd. paid 
$576 to $584 per ton for cut-grade 18/8 | 
stainless steel scrap during May through 
November, while U.S. prices remained at 
$590 to $617 c.i.f. per ton from U.S. east 
coast and gulf ports. Nippon Steel intended 
to reduce the number of trading companies 
and wholesalers handling its stainless steel 
scrap purchases from 20 to 3 companies, 
namely, Nittelsu Shoji, Nissho-Iwai, and 
Hishisau Shoji, on or after October 1. Other 
companies were to furnish such scrap to 
these three companies as subordinate sup- 
pliers. 

Korea, Republic of.—The delivered price 
of ferrous scrap for 10,000- to 36,000-ton 
cargoes received from U.S. east coast ports 
averaged $110 per ton; U.S. west coast ports, 
$111; and U.S. gulf ports, $108. Freight 
rates, including the cost of lay days during 
loading and unloading, were approximately 
$21 per ton from east coast ports, $17.50 
from west coast ports, $18.50 from Tacoma, 
WA, and $23.25 from Great Lakes ports. A 
few shipments of ferrous scrap from Middle 
and Near East sources were delivered at $93 
per ton, and several shipments delivered 
from England brought $99 per ton. Many 
cargoes from the United States comprised 
up to one-third motor blocks, a type of scrap 
preferred by some Republic of Korea steel- 
makers who paid about $3 per ton more for” 


514 


it than for No. 1 heavy melting scrap. 
Consumers of ferrous scrap held up pur- 
chases of scrap in midyear because of a 
change in the country’s monetary policy, 
after which customers paid about $12 more 
per ton for scrap contracted near yearend 
compared with midyear contracts. 

Mexico.—The Hylsa Steel Group, Mon- 
terrey, in January bought 34,500 tons of 
ferrous scrap from three U.S. companies 
thereby breaking the freeze in scrap trade 
prompted by devaluation of the peso in 
August 1982. The group paid for the first 
shipment in dollars after obtaining a prefer- 
ential exchange rate from the Mexican 
Government. The second shipment was paid 
for at the regular exchange rate by cash in 
advance and letters of credit, indicating 
that the group greatly needed the scrap 
because of withdrawals from its stocks since 
August 1982. In April 1983, Hylsa formed 
Transamerica Trading Co. Inc., a scrap 
brokerage firm to act as an exclusive broker 
for its U.S. scrap purchases. Previously, 
Hylsa had dealt with five or six brokers who 
objected to the limiting of competition by 
Hylsa’s action. In June, the need for scrap 
in Mexico was undiminished even though 
the country’s DRI plants and domestic scrap 
sources essentially met the demand by the 
steelmakers. 

Netherlands.—Exports to Japan and the 
Republic of Korea were facilitated for large- 
scale processors such as Heuvelman and 
Holland-VUY who had yards on deep water. 
The Pamatex-Thomas-AVI shredder-owner 
combination took an important part in non- 
allied countries exports. In the first 6 
months, the Netherlands exported 288,000 
tons to EC countries and 575,000 metric 
tons to nonallied countries, including 
202,000 tons to India. Rotterdam had excel- 
lent transshipment facilities to load large 
vessels from barges and small vessels arriv- 
ing from the Federal Republic of Germany 
and other North European nations. Exports 
to Japan brought only $4.50 to $9 per ton 
more than domestic prices in Western Eu- 
rope, because the Government maintained 
its policy of total export freedom for ferrous 
and alloy scrap worldwide. In October, a 
47,000-ton cargo of No. 1 scrap left Rotter- 
dam for Japan, reportedly the largest single 
cargo of scrap ever loaded in Continental 
Europe. Unloading from barges onto ocean 
vessels required less than 2 days at a rate of 
25,000 tons per day. Exports to the Brescian 
area of northern Italy remained strong 
using the 500-mile barge haul to Basel, 
Switzerland, and subsequent transshipment 
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on railroad cars. 

South Africa, Republic of.—In March, 
the South African Iron and Steel Industrial 
Corp. Ltd. (Iscor) pulled out of the ferrous 
scrap buying cartel, Ferrous Scrap Distribu- 
tors (FSD), taking with it its associated 
companies Cape Town Iron and Steel Works 
(Pty.) Ltd. and the Union Stee] Corp. (of 
South Africa) Ltd. FSD, which formerly 
bought about 95% of the Republic of South 
Africa’s ferrous scrap, was investigated by 
the country’s Competition Board. Iscor’s 
main quarrel with FSD was its low alloca- 
tion of scrap from the cartel’s intake. The 
Republic of South Africa, normally short of 
scrap, had several DRI projects underway 
for Dunswart Iron and Steel Works Ltd. and 
Scrap Metal that were scheduled for com- 
pletion in 1985. Iscor, with 1 million tons of 
ferrous scrap in stock in 1983, was seeking 
long-term supply agreements with South 
Africa Transport Services, the state-railway 
group. In April, two of the country’s leading 
scrap merchants, Jeepe Metals and Rand 
Scrap, bypassed the cartel to conduct their 
combined 40,000- to 50,000-ton-per-month 
trade direct with the steelmakers. By year- 
end, Scaw Metals Ltd., a steelmaker, bought 
Rand Scrap and Germiston Scrap, while 
Davsteel, another steelmaker, bought Jeepe 
Metals and Hercules, to secure their future 
scrap supplies. In the past, FSD paid one 
countrywide price for scrap and then paid 
the rail freight direct to steelmakers in the 
Gold Reef area of the Transvaal, at rates 
ranging from $24 per ton from Durban, $32 
from Eastern Cape Province, and $40 from 
Western Cape Province. Following the col- 
lapse of the FSD cartel, Chick’s Scrap Met- 
als turned to exports at a 50,000-ton-per- 
year rate from Port Elizabeth, East London, 
and Durban. 

Spain.—About 70% of Spain’s imports of 
ferrous scrap came from the United King- 
dom, whose Government insured exporters 
against risky payments for cargoes to about 
30 privately owned Spanish minimills. Be- 
cause of Spain’s large imports, the EC 
proposed that a common market in scrap be 
effective for a 5-year transitional period 
following Spain’s joining the EC. Spain had 
freedom of supply because most EC scrap 
exporting regulations had been lifted owing 
to the weakness of EC internal consump- 
tion. In February, the movement of scrap at 
ports was unsatisfactory, with about 25 
vessels incurring demurrage while waiting 
to unload. 

Sweden.—Sweden’s ferrous scrap buying 
agency, Jarnbruksfornadenheter, in Decem- 
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ber contracted with the U.S.S.R. for first- 
quarter 1984 delivery of 45,000 tons of scrap 
at unknown price levels. Sweden’s purchase 
of Soviet scrap increased from 12,624 tons in 
1981 to 187,246 tons in 1982. 

Taiwan.—In 1983, steelmakers paid ap- 
proximately $105.50 per ton for scrap from 
U.S. east coast ports including $22.90 for 
ocean freight plus lay charges for 20,000-ton 
cargoes; 21,000-ton cargoes from U.S. west 
coast ports cost $96 per ton including $17.45 
for ocean rates and lay charges; and 19,500- 
ton cargoes from U.S. gulf ports cost $106 
per ton including $25 for ocean rates plus 
lay charges. In midyear steelmakers paid 
approximately $117 to $119 per ton for steel 
plate from Taiwanese shipbreakers and 
$101 to $103 per ton for city-generated scrap 
from other sources. U.S. ferrous scrap ex- 
ports to Taiwan totaled 499,475 tons. 

Trinidad and Tobago.—Trinidad was ex- 
pected to import 25,000 to 30,000 tons of 
scrap for the Iron and Steel Co. of Trinidad 
and Tobago (Iscott) steelmaking shop, prin- 
cipally from the United States. Ferrous 
materials used in this shop were about 80% 
DRI and 20% scrap. Trinidad had no indige- 
nous scrap industry, and Iscott was unwill- 
ing to set up a shredder for scrap that could 
be obtained cheaply from other Caricom 
(Caribbean Common Market) countries, 
where collection was a problem. Texaco 
offered Iscott about 25,000 tons of scrap that 
would have to be collected and processed by 
Texaco. | 

Turkey.—The ferrous scrap industry re- 
portedly was totally disorganized. The larg- 
est merchants could deliver only 3,000 to 
5,000 tons per month, most of which was 
rated poor quality, while most merchants 
had smaller outputs. The normal practice 
was to receive scrap in lorry-load lots with 
the quality and price determined on an ad 
hoc basis. Steelmakers sited near the coast 
relied largely on imported scrap, which 
accounted for 60% to 85% of their consump- 
tion. Inland steelmakers depended entirely 
on domestic scrap. 

Turkish steelmakers imported about 1.1 
million tons of ferrous scrap in 1982 of 
which 7896 was purchased by the five larg- 
est private sector companies comprising 
Cukurova Celik, Colakoglu Metalurji AS, 
Metas Izmir Metalurji Fabrikasi TAS, Asil 
Celik Sanayi ve Ticaret AS, and Tuben 
Celik. Smaller tonnage mills, comprising 
Icdas, Istanbul Metalurgi, Elektro-Metal 
Sanayii AS, and Electrofer, collectively im- 
ported 145,000 tons in 1982. The Turkish 
import-export company Duru Tezel ap- 
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proached some United Kingdom scrap mer- 
chants for 1.0 to 1.5 million tons per year, 
mostly comprising shredded scrap. Duru 
Tezel chose the United Kingdom as the 
main source rather than the United States 
because of the lower freight costs involved. 
The company considered buying ships in 
the United Kingdom for dismantling in 
Turkey, using such ships to transport the 
United Kingdom scrap to Turkey. Imports 
of the United Kingdom’s scrap to Turkey in 
the first half of 1988 were 112,000 tons at 
approximately $80 per ton. 

U.S.S.R.—Based on scattered informa- 
tion, the U.S.S.R. continued to be a growing 
competitor in worldwide ferrous scrap ex- 
ports. Total exports in 1981 were 2.7 million 
tons. In 1982, exports to Italy were 819,735 
tons, representing a moderate portion of the 
Italian market. Soviet exports to Japan 
were about 230,000 tons. In the first 10 
months of 1983, Soviet exports of ordinary 
steel scrap to Japan were 445,800 tons, 
considerably more than the 241,000 tons 
shipped by Australia to Japan in the same 
time period. Reportedly, this significant 
increase was explained by the "supreme 
quality” of Soviet No. 1 and No. 2 grades of 
scrap and by the Soviet Government's con- 
sistent policy of undercutting U.S. prices to 
Japan by $5 to $10 per ton. The Soviets also 
gained a sizable share of the scrap imported 
by Spain. 

United Kingdom.—Exports of ferrous 
scrap in 1982 comprised 514,000 tons to EC 
countries and 2,717,000 tons to nonallied 
countries. Of the 882,000-ton production of 
shredded scrap, 496,000 tons was exported. 
In the first half of the year, 331,000 tons 
went to EC countries and 1,814,000 tons 
went to nonallied countries. Purchases by 
domestic consumers, who were largely 
concerned with quality, were at a 3.6- 
million-ton annual rate. Exports increased 
after the devaluation of the British pound 
in January and the termination of the 
London dock strike in late April that al- 
lowed the use of larger vessels. Exports 
totaled 4.2 million tons valued at $282 
million. The British Scrap Federation (BSF) 
claimed that the United Kingdom was a net 
scrap exporter, second only to the United 
States, and that the Government should 
support better scrap handling facilities at 
docks. The BSF, in assessing claims that the 
United Kingdom's scrap shipments to Spain 
were short-weight, sent observers to the 
Basque port of Pasaje to check the weights 
of 20 cargoes during unloading. In October, 
the largest scrap cargo ever shipped from 
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the United Kingdom left Liverpool for Ja- 
pan with 36,500 tons comprising mainly No. 
1 and No. 2 grades. The cargo was loaded by 
Sheppard Waste Recovery and the delivered 
cost was about $104 per ton c.i.f. A size limit 
on the United Kingdom's cargoes to Japan 
was evident because of the general limit of 
Japanese unloading facilities. Shippers con- 
tracted for small vessels to handle scrap to 
Northern European ports where buyers pre- 
ferred smaller and less costly cargoes. A 
midyear decline in freight rates of $3 to $5 
per ton encouraged exports to the Far East 
that brought British shippers $84 to $85 per 
ton, f.o.b. for No. 1 grade. Turkey was seen 
as a useful alternative to Spain for the 
United Kingdom scrap. 

Prices of scrap to British consumers were 
a problem because of their volatility. BSC 
was no longer a dominant force in the 
United Kingdom's ferrous scrap market and 
reacted to market changes rather than 
leading them as in the past. Some other 
steelmakers deliberately consumed scrap 
from their stocks during the summer 
months to reduce the upward pressure on 
Scrap prices because of the significant de- 
mand for exports to Spain. Reportedly, 5096 
of some steelmakers' home scrap was ex- 
ported. In April, BSC obtained a $1.50. per 
ton price reduction for scrap for May deliv- 
ery, but in August paid $8 to $12 per ton 
more to expedite deliveries. In September, 
following a $15 per ton decline in export 
prices to northern Spain, British steelmak- 
ers offered $4 to $8 per ton less for scrap for 
October delivery. 

In mid-March, an increase in the London 
Metal Exchange (LME) quotations for vir- 
gin nickel increased the United Kingdom 
price of 18/8 stainless steel solids scrap to 
$476 per ton, an increase over the $454 per 
ton, f.ó.b. Europe, a week earlier. The in- 
crease was attributed to merchant specula- 
tion because the United Kingdom's steel- 
makers held adequate stocks. Metal Bulle- 
tin prices quoted in May were down to $408 
to $435 per ton of 18/8 solids. 

The United Kingdom's scrap industry 
had 46 ferrous scrap shredders rated at 1- 
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million-ton-per-year total capacity based on 
a one-shift operation. 

In May, ELG Metals, Federal Republic of 
Germany, a stainless and alloy scrap con- 
cern, began scrap collection in Manchester, 
England, and in May, Thos. W. Ward, an 
affiliate of Rio Tinto Zinc Corp. Ltd. of 
Chile, sold its scrap operations near Port- 
land, England, to H. Williams and Sons 
(Hitchin) Ltd. The Portland yard was within 
BSC's direct-supplier network. In March, 
seven scrap yards were sold by Thos. W. 
Ward to the Bird Group comprising yards at 
Birmingham, Grantham, Ilkeston, London, 
Peterborough, Scunthorpe, and Sheffield. 
The Bird Group completed its $3 million 
restructuring and modernization program 
after large-capacity scrap-processing equip- 
ment started operation in several yards. 
However, the group's outstanding achieve- 
ment was a new scrap cleansing process 
designed to upgrade lower grades of scrap to 
medium-quality grades. Details of this proc- 
ess were not available. Coopers (Metals) Ltd. 
and Robinson and Hannon Ltd. amalgamat- ` 
ed their dockside interests at Tyne Dock, 
South Shields, and Sunderland in northeast 
England. Brasway Ltd. sold its Cardiff dock 
operations to Hartlepool Steel. Thos. Hill 
and Co. expanded its export potential by 
leasing dock facilities at Kings Lynn, 
Norfolk, England, to permit loading scrap 
cargoes up to 2,500 tons to serve markets in 
Western Europe, Italy, and Spain. 

The scrap supply-demand situation in the 
United Kingdom was strongly influenced by 
the decline in demand by the domestic 
ferrous industries following violent fluctua- 
tions in short-term demand, fluctuations in 
the quantity of scrap collected in response 
to price changes, a diminishing difference 
between BSC and private sector purchasing 
requirements, and a declining influence by 
both groups on British prices. Uncollected 
scrap was accumulated to form a large 
available supply resource awaiting price 
increases to make collection attractive. The 
percentage of British scrap that was export- 
ed followed a 21% annual trend in the 1972- 
82 period. : | 


TECHNOLOGY 


The Bureau of Mines and NARI agreed in 
April 1983 to extend their scrap metals 
research program for an additional 2 years. 
A portion of the program will include the 
recovery of chromium, cobalt, and nickel 
from stainless steel scrap and superalloy 
wastes and the recycling of material from 
scrap automobiles. In the past 2 years about 


$600,000 was funded by the Bureau for the 
scrap metals research program. 

Bausch and Lomb, Rochester, NY, devel- 
oped the 3600 Mobile Metal Analyzer per- 
mitting nondestructive and automatic com- 
position analysis of alloys in virtually all 
situations. Hundreds of alloys, including 
those containing light elements such as 


IRON AND STEEL SCRAP 


aluminum, carbon, magnesium, and silicon, 
can be identified by the unit. The instru- 
ment has four testing modes: Fast Profile, 
Alloysort, Pass-Fail, and Quantitative. The 
3600 Analyzer features an accessory. 2- 
kilowatt motor generator for situations 
where electricity is not available 

Systems Alternations, Toledo, OH, in 
midyear, nationally marketed its industrial 
scrap data base system. The system, devel- 
oped in cooperation with scrap businesses in 
California, Michigan, Ohio, and Pennsylva- 


nia, was versatile for all recycled materials. 


including operations such as brokering and 
trading, multiple yard operations, and 
processing.” 

Westinghouse Electric Corp. announced 
in September that it will study its plasma 
torch technology in a 2.5-ton-per-hour cupo- 
la at its Pittsburgh, PA, research center. 
This demonstration project is intended to 
increase the use of low-cost iron chips and 
borings as charge material. The $2 million 


project, scheduled for operation in late 1984, . 


is being funded by Westinghouse, the Elec- 
tric Power Research Institute, and General 
Motors. Reportedly, the improved efficien- 
cy of plasma torches may permit as much 


as 70% chips and borings in the cupola 


. charge.* 

Plasma technology was tested in 1983 by 
Voest-Alpine AG at Linz, Austria, in a 
scrap-consuming pilot plant rated at a total 
annual raw steel output of 150,000 tons. The 
electrodeless plasma melting furnace pro- 
vided an alternative method to produce 
steels of various qualities.? 

Aciéries et Laminoirs de Lorraine (Saci- 
lor) was experimenting with a 100% scrap 
charge in its No. 3 Rombas blast furnace at 
Moselle, France, in an attempt to reduce 
production costs to a level comparable to 
those of electric-furnace shops. Two months 
of experiments were scheduled to start in 
September using 70,000 to 100,000 tons of 
various grades of scrap including low 
grades. Results of the experiments are 
unknown. 

A process was developed by Melton Mow- 
bray, Leicestershire, England, to reconsti- 
tute steel chips into forms without melting. 
In the process, chips are fragmented into a 


clean, coarse powder that is compacted into 


billets, which after heating can be forged or 
extruded. Reportedly, the energy required 
` for the reconstituted steel is 60% of that for 
basic wrought steel and the cost is 50% less 
than for conventional castings." 

Wiggin Steel and Alloys, Birmingham, 
England, offered a metal reclamation proc- 
ess to foundries, forges, and other metal- 
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processing industries in the United King- 
dom. The  argon-oxygen-decarburization 
(AOD) process uses a variety of metal 
sources including grinding dust, foundry 
scrap, and billet croppings.'? 

Spectro GmbH of the Federal Republic of 
Germany was marketing a small mobile 
spectrometer called Spectrotest-L. The 
small mobile spectrometer was developed 
primarily for product-mix control and metal 
sorting identification.!* 

Daido Steel, Nagoya, Japan, designed and 
installed a commercial-scale scrap preheat- 
er to use the sensible heat in the exhaust 
gas from a 25-metric-ton arc furnace. Tests 
confirmed that the higher the ratio of light 
scrap in the charge, the higher the heating 
efficiency. The full-scale preheater in com- 
mercial operations achieved reduction of 
steelmaking time by 8 minutes per heat, 
power consumption by 50 kilowatt hours 
per ton of charge, electrode consumption by 
0.7 kilogram per ton of charge, refractory 
consumption by 17%, and an overall cost 
reduction of approximately $3 per ton of 
charge. 

Research on ferrous scrap preheating for 
an electric arc furnace by Toshin Steel Co. 
Ltd. and Nippon Kokan K.K., Tokyo, Japan, 
resulted in a process, using gas recycling, to 
handle scrap without the environmental 
problems associated with secondary gas 
emission. The process reduced power con- 
sumption by 36 to 45 kilowatt hours per ton, 
reduced electrode consumption by 0.2 to 0.6 
kilogram per ton, and reduced steelmaking 
time by 8 minutes.!5 


! Physical scientist, Division of Ferrous Metals. 

2A]] quantities are in short tons unless otherwise noted. 

3Brown, J. W., and R. L. Reddy. The Future of Direct 
Reduced Iron in North America. Iron and Steelmaker, 
v. 10, No. 12, Dec. 1983, pp. 34-41. 

“Steele, D. K., and J. W. Sterner. A Water Elutriator 
System for Recovering Nonmagnetic Metals From Auto- 
mobile Shredder Rejects. BuMines RI 8771, 1983, 22 pp. 

SAmerican Metal Market. NARI, Bureau of Mines 
Extend Joint Research. V. 91, No. 74, Apr. 15, 1983, p. 2. 

$ —— ——. Mobile Analyzer to be Shown. V. 91, No. 13, 
Jan. 19, 1983, p. 9. 

7 ———. New Recycling Systems Offered. V. 91, No. 140, 
July 20, 1983, p. 9. 

5———. GM, Westinghouse to Try Foundry Plasma 
Venture. V. 91, No. 184, Sept. 21, 1983, pp. 1, 7. 

9Skillings' Mining Review. Voest-Alpine's Steelmaking 
Complex in Linz. V. 72, No. 47, Nov. 19, 1983, p. 6. 

10Metal Bulletin (London). Sacilor Tries Scrap to Cut 
Costs. No. 6805, July 19, 1983, p. 23. 

Foundry Management & Technology. Reclaim Chips 
Without Melting. V. 111, No. 4, Apr. 1983, p. 63. 

12Steel Times. AOD Refining at the Heart of Scrap 
Reclamation. V.-211, No. 4, Apr. 1983, pp. 185-186. 

13American Metal Market. New Mobile Spectrometer 
Sorts, Identifies Metals. V. 91, No. 121, June 22, 1983, p. 8. 

14Tron and Steel Engineer. Scrap Preheating by Exhaust 
Gas From Electric Arc Furnaces. V. 60, No. 11, Nov. 1983, 
pp. 54-61. 

15_____ Scrap Preheater for Electric Arc Furnace. 

V. 60, No. 4, Apr. 1983, pp. 45-50 
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` Table 2.—U.S. consumer receipts, production, consumption, shipments, and stocks of 
iron and steel scrap and pig iron in 1983, by grade 


Production of home scrap 


Grade 


MANUFACTURERS OF PIG 
IRON AND RAW STEEL AND 
CASTINGS 


Carbon steel: 
Low-phosphorus plate and 
punchings ... 
Cut structural and plate.. _ _ 
No. 1 heavy melting steel .. _ 
No. 2 heavy melting steel _ _ 
No. 1 and electric-furnace 
bundles __________-_ 
No. 2 and all other bundles _ 
Electric furnace 1 foot and 
under (not bundles) _ _ _ — 
Railroad rails _________ 
Turnings and borings `. ` 
Slag scrap (Fe content 70%)_ 
Shredded or fragmentized 
No. 1 busheling .. 
All other carbon steel scrap _ 
Stainless steel scrap ______-— 
Alloy steel (except stainless) _ _ 
Ingot mold and stool scrap `  — 
Machinery and cupola cast iron 
Cast iron borings --__---_-- 
Other iron scrap ________~_ 
Other mixed scrap |... 


MANUFACTURERS OF STEEL 
CASTINGS 


Carbon steel: 
Low-phosphorus plate and 
punchings . - -------- 
Cut structural and plate. _ _ 
No. 1 heavy melting steel _ _ 
No. 2 heavy melting steel .. _ 
No. 1 and electric-furnace 


bundles 
No. 2 and all other bundles _ 
Electric furnace 1 foot and 
under (not bundles) `. ` — 
Railroad rails _________ 
Turnings and borings _ - — 
Slag scrap (Fe content 7092) . 
Shredded or fragmentized.. — 
No. 1 busheling ` 
All other carbon steel scrap 
Stainless steel scrap _______ 
Alloy steel (except stainless) _ _ 
Ingot mold and stool scrap __ _ 
Machinery and cupola cast iron 
Cast iron borings . 
Motor blocks. - ---------- 
Other iron scrap ________~_ 
Other mixed scrap ________ 


IRON FOUNDRIES AND 
MISCELLANEOUS USERS 
Carbon steel: 
Low-phosphorus plate and 
punchings - --------- 
Cut structural and plate _ _ _ 
No. 1 heavy melting steel _ _ 


See footnotes at end of table. 


(Thousand short tons) 
Receipts of scrap 
Recircu- 
From From e 
brokers, other ae 
dealers, own- ules 
other com- T pce g 
outside pany 
sources plants RE 
301 (7) 13 
954 150 331 
7,380 1,271 8,505 
1,833 117 706 
5,594 229 2,018 
899 35 
22 3 (1) 
102 2 2 
653 17 136 
730 179 2,670 
1,755 554 51 
1,126 50 153 
1,296 458 5,871 
479 18 505 
146 130 896 
282 369 617 
2: SCH 3 
163 27 50 
210 134 243 
445 134 165 
24,371 3,875 22,941 
351 2 121 
83 4 6 
89 (1) 20 
45 E 1 
12 (1) 2 
1 ao Boe 
52 (1) 16 
6 fore "— 
24 WE 13 
= m (1) 
19 En am 
13 SW — 
210 4 134 
8 1 17 
28 (1) 65 
1 Bee (1) 
19 Es (1) 
62 (1) 19 
(1) — TM 
28 () 17 
(1) = 7 
1,052 11 439 
593 34 66 
881 76 47 
46 22 64 


Obsolete 
scrap (in- 
cludes in- 
got molds, 
stools, 
scrap from 
old equip- 
ment, 
build- 
ings, etc.) 


LT mn 


Consump- 
tion of both 
purchased 
and home 

scrap (in- 
cludes re- 
circulating 

scrap) 


348,996 


1,016 


Ship- 
ments of 
scrap 


10 
40 


Ending 
stocks, 
Dec. 31 


30 
11 
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Table 2.—U.S. consumer receipts, production, consumption, shipments, and stocks of 
iron and steel scrap and pig iron in 1983, by grade —Continued 


(Thousand short tons) 
Receipts of scrap 
From From Kee 
brokers, other g 
Grade dealers own- Siche $ 
other com- ue 
outside pany ron 
sources plants oiii d 
IRON FOUNDRIES AND 
MISCELLANEOUS USERS — 
Continued 
Carbon steel —Continued 
No. 2 heavy melting steel _ _ 49 P 9 
No. 1 and electric-furnace 
bundles |. |. ... 102 187 21 
No. 2 and all other bundles _ 158 6 "S 
Electric furnace 1 foot and 
under (not bundles) ...... 128 34 1 
Railroad rails `... 151 (1) 7 
Turnings and borings |... 22] 7 
Slag scrap (Fe content 70%)_ 25 =~ 1 
Shredded or fragmentized _ _ 719 4 Sek 
No. 1 busheling ` _ 577 29 62 
All other carbon steel scrap_ 580 96 59 
Stainless steel scrap |... __ 5 (1) 2 
Alloy steel (except stainless) . _ 22 (2) 6 
Ingot mold and stool scrap __ — 149 =e 75 
Machinery and cupola cast iron 786 4 246 
Cast iron borings _________ 643 197 98 
Motor blocks____________ 510 309 364 
Other iron scrap _______ Hr 568 62 1,106 
Other mixed scrap |... 4'14 63 632 
Total? no 1,385 1,125 2,819 
TOTAL—ALL TYPES OF 
MANUFACTURERS? 
Carbon steel: 
Low-phosphorus plate and 
punchings. --------- 1,245 36 200 
Cut structural and plate... _ 1,918 230 385 
No. 1 heavy melting steel _ _ 7,515 1,293 8,588 
No. 2 heavy melting steel _ _ 1,927 117 716 
No. 1 and electric-furnace 
bundles |... 5,707 416 2,048 
No. 2 and all other bundles _ 1,058 41 
Electric furnace 1 foot and 
under (not bundles) _ _ _ _ 202 37 17 
Railroad rails _________ 258 2 9 
Turnings and borings _ __ _ 898 19 156 
Slag scrap (Fe content 70%)_ 754 179 2,670 
Shredded or fragmentized _ _ 2,493 558 51 
No. 1 busheling ` ..... 1,716 78 214 
All other carbon steel scrap... 2,086 558 6,064 
Stainless steel scrap _______ 492 19 523 
Alloy steel (except stainless) `. — 196 130 967 
Ingot mold and stool scrap _ - — 432 369 692 
Machinery and cupola cast iron 806 4 249 
Cast iron borings _________ 869 224 166 
Motor blocks- ___________ 510 309 364 
Other iron scrap |... 807 197 1,366 
Other mixed scrap _______ _ 919 196 805 
Grand total? _______ 32,808 5,011 26,259 


1Less than 1/2 unit. 


2Data may not add to totals shown because of independent rounding. 


3Internal evaluation indicates that scrap consumption is understated by approximately 1.9 million short tons. 


Production of home scrap 


Obsolete 
scrap (in- 
cludes in- 
got molds, 
stools, 
scrap from 
old equip- 
ment, 
build- 
ings, etc.) 


00 
NO | 
A a] m — kä CTD | 


ea | 
BENI ra GO 00 Cu 


988 


Consump- 
tion of both 
purchased 
and home 
scrap (in- 
cludes re- 
circulating 
scrap) 


511,370 


$61,782 


Ship- 


ments of 


scrap 


20 
16 
1,369 
22 


154 
5 


(2) 
3 
22 
330 
4 
109 
430 
31 
146 
530 
2 
187 
8 
194 
18 


3,600 


*Internal evaluation indicates that scrap consumption is overstated by approximately 11,000 short tons. 


Internal evaluation indicates that scrap consumption is understated by approximately 1.0 million short tons. 


Ending 
stocks, 
Dec. 31 


S[nternal evaluation indicates that total scrap consumption is understated by approximately 2.9 million short tons. 
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Table 3.—U.S. consumer receipts, production, consumption, shipments, and stocks of pig 
iron and direct-reduced iron in 1983 


(Thousand short tons) 
. Produc-  Consump-  Ship- Stocks, 
Receipts tion tion ments Dec. 31 
MANUFACTURERS OF PIG IRON AND RAW 
STEEL AND CASTINGS 
Pig ION oue a Lie 919 48,110 48,991 996 258 
MANUFACTURERS OF STEEL CASTINGS 
PIS APODO o eh ELI E LU . 64 De 63 Sep 3 
IRON FOUNDRIES AND MISCELLANEOUS USERS 
TEE 1,086 "- 1,016 78 84 
TOTAL—ALL TYPES OF MANUFACTURERS 
Pig ron nur eta A a elas 2,069 48,110 50,070 1,074 345 
Direct-reduced or prereduced iron... 184 TN 258 SE 120 


Table 4.—Consumption of iron and steel scrap and pig iron in the United States 


in 1983, by type of furnace or other use 


(Thousand short tons) 

Manufacturers of 

pig iron and ER 
Type of furnace raw steel and castin 

or other use castings A 
Pig Pig 
Scrap iron Scrap iron 
Blast furnace?___________ 3,125 SE 22 Si 
Basic oxygen process? |... _ 16,219 44,330 Di aa 
Open-hearth furnace... 3,215 3,918 W W 
Electricfurnace..... 525,186 52 1,319 62 
Cupola furnace __________ 6 100 91 Es 
Other (includin ng air furnace)® _ 585 12 6 1 
Direct castings’ |. EDT 519 T "T 
Total! tia e 48,996 48,991 1,415 63 


Iron 
foundries and 


miscellaneous users 


Pig 

Scrap iron 
TE (9 
3,514 227 
7,559 325 
297 18 
a= 446 
11,370 1,016 


W Withheld to avoid disclosing company proprietary data; included with "Electric furnace." 


1Data may not add to totals shown because of independent rounding. 
2Includes consumption in blast furnaces producing pig iron. 


3Includes scrap and pig iron processed in metallurgical blast cupolas and used in oxygen converters. 


‘Less than 1/2 unit. 


Total, 
all types? 

Scrap a 
3,125 Bes 
16,219 44,330 
3,275 3,918 
30,619 341 
7,655 425 
888 91 
Er 965 
61,782 50,070 


5Internal evaluation indicates that scrap consumption in electric furnaces operated by manufacturers of pig iron and 
raw steel and castings is understated by approximately 1.9 million short tons. 


®Includes vacuum melting furnaces and miscellaneous uses. 
“Includes ingot molds and stools. 


Table 5.—Proportion of iron and steel 
scrap and pig iron used in furnaces in the 


United States in 1983 


(Percent) 
. Type of furnace Scrap 
Basic oxygen process __________ 26.8 
Open-hearth furnace |. _ 45.7 
a ectric furnace _____________ 98.9 
l deet [üurnace. ------------ 94.7 
er (including air furnace) _ _ ___ 90.7 
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Table 6.—Iron and steel scrap supply! available for consumption in 1983, 
by region and State 


(Thousand short tons) 


Receipts of scrap Production of home scrap 


Obsolete 
e is New 
ircu- (includes , supply 
ës From lating ingot Total Ed avail- 
Region and State dealers: other scrap molds, new of able for 
other : own- resulting stools, supply? 5 con- 
outside Company from scrap from scrap sum 
GE plants current old . tion 
SE operations equipment, 
buildings, 
etc.) 
y 
New England and Middle Atlantic: 
Connecticut, Maine, Massachusetts, 

New Hampshire, New Jersey, 

New York, Rhode Island __ _ __ 1,126 96 632 5 1,858 273 1,585 
Pennsylvania ____________~— 4,275 978 4,843 189 . 10,285 1,196 9,089 

Total® ui ced 5,401 1,073 5,475 194 12,143 1,469 10,674 
North Central: 
Tino. on oe eee Se 2,935 614 1,770 34 5,354 233 5,121 
Indiana- ---------------- 2,666 149 6,593 262 9,671 894 8,777 
Iowa, Kansas, Michigan, 

Minnesota, Missouri, 

Nebraska _____________~- 5,628 936 2,320 74 8,957 135 8,823 
ONO. Ec ete eee 4,554 1,198 5,037 230 11,019 330 10,689 
Wisconsin _______________ 511 21 364 SE? 896 20 876 

Total* EE 16,294 2,918 16,085 600 35,897 1,611 34,286 
South Atlantic: 
Delaware, Florida, Georgia, 

Maryland, North Carolina, 

South Carolina, Virginia, 

West Virginia. 3,563 216 1,992 78 5,849 309 5,540 

South Central: 


Alabama, Arkansas, Kentucky, 
Louisiana, Mississippi, 
Oklahoma, Tennessee, 
ONS AAA co ens ct 5,215 557 1,664 48 7,485 175 7,310 
Mountain and Pacific: 
Arizona, California, Colorado, 
Hawaii, Montana, Nevada, 
Oregon, Utah, Washington _ _ _ _ 2,334 246 1,043 69 3,690 37 3,654 


Grand total? __________-_ 32,808 9,011 26,259 988 65,065 3,600 61,465 


1New supply available for consumption is a net figure computed by adding production to receipts and deducting scrap 
shipped during the year. The plus or minus difference in stock levels at the beginning and end of the year is not taken 
into consideration. 

"Data may not add to totals shown because of independent rounding. 

“Includes scrap shipped, transferred, or otherwise disposed of during the year. 


Table 7.—Consumption of iron and steel scrap and pig iron! in 1983, by region and State 


(Thousand short tons) 
Pig iron and Iron foundries 
steel ingots Steel castings and miscella- Total? 
Region and State and castings neous users 


Scrap  Pigiron Scrap  Pigiron Scrap  Pigiron Scrap  Pigiron 


New England and Middle Atlantic: 
Connecticut, Maine, Massachusetts, 
New Hampshire, New Jersey, 


New York, Rhode Island _ _ _ _ _ 1,029 869 47 4 662 34 1,738 907 
Pennsylvania ____________ _ 8,264 6,856 131 4 951 217 9,346 7,077 
Total? __-_____________ 9,293 1,125 178 8 1,613 251 11,084 7,983 
North Central: 
Illinois ----------------- 4,234 3,036 169 (3) 586 249 4,989 3,285 
Indiana- ie Sy cse 8,132 16,428 106 42 398 37 8,636 16,507 
Iowa, Kansas, Michigan, Minneso- 
ta, Missouri, Nebraska .. 5,672 4,389 161 1 2,965 200 8,798 4,589 
YN 8,244 9,400 - 68 5 2,423 123 10,734 9,528 
Wisconsin _____________.__ ue ENT 189 1 698 41 887 41 
NEE 26,281 33,253 694 48 7,070 650 34,045 33,951 


See footnotes at end of table. 
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Table 7.—Consumption of iron and steel scrap and pig iron! in 1983, by region and State 


—Continued 
(Thousand short tons) 
Pig iron and Iron foundries 
steel ingots Steel castings and miscella- Total? 
Region and State and castings neous users 


Scrap Pigiron Scrap Pigiron Scrap  Pigiron Scrap Pig iron 


South Atlantic: 
Delaware, Florida, Georgia, 
Maryland, North Carolina, 
South Carolina, Virginia, 
West Virginia. __________~- 4,998 W 52 3 619 28 5,668 31 
South Central: 

Alabama, Arkansas, Kentucky, 
Louisiana, Mississippi, 
Oklahoma, Tennessee, 

Texas 55. 0 a puoi 5,173 *6,381 316 2 1,711 15 1,206 6,458 
Mountain and Pacific: 
Arizona, California, Colorado, 
Hawaii, Montana, Nevada, 
Oregon, Utah, Washington _ _ _ _ 3,252 1,632 176 1 352 12 3,778 1,646 


Grand total?_________-_ 48,996 48,991 1,415 63 11,370 1,016 61,782 50,070 


W Withheld to avoid disclosing company proprietary data; included in “South Central region.” 
1Includes molten pig iron used for ingot molds and direct castings. 

2Data may not add to totals shown because of independent rounding. 

3Less than 1/2 unit. 

*Includes South Atlantic region. 


Table 8.—Consumer stocks of iron and steel scrap and pig iron, December 31, 1983, 


by region and State 
(Thousand short tons) 
Carbon 
steel (ex- Stain- Alloy steel Cast iron Other Total Pig iron 
Region and State cludes re- less (excludes (includes gradesof scrap aS 
rolling steel stainless) borings) scrap stocks?! 
rails) 
New England and Middle Atlantic: 
Connecticut, Maine, Massa- 
chusetts, New Hampshire, 
New Jersey, New York, ; 
Rhode Island ` 136 19 17 42 2 217 83 
Pennsylvania ___~________— 871 67 177 198 3 1,316 69 
Totales a las 1,007 86 194 239 5 1,532 152 
North Central: 
IIll0l8 ——— emn 531 W 6 43 W 588 15 
Indiana — a til 532 4 26 169 1 731 17 
Iowa, Kansas, Michigan, Minne- 
sota, Missouri, Nebraska _ _ _ _ 480 1 (3) 82 11 574 34 
OY casos a at cae vs 469 8 47 86 9 618 87 
Wisconsin ___________~_~- 11 W (2) 7 W 19 3 
Total! scene 2,028 14 79 387 22 2,530 157 
South Atlantic: 
Delaware, Florida, Georgia, 
Maryland, North Carolina, 
South Carolina, Virginia, 
West Virginia __________ 435 312 11 16 332 566 8 
South Central: 
Alabama, Arkansas, Kentucky, 
Louisiana, Mississippi, Oklaho- 
ma, Tennessee, Texas _ _ _ _ _ _ 654 W 16 133 W 803 20 
Mountain and Pacific: 
Arizona, California, Colorado, 
Hawaii, Montana, Nevada, Ore- 
gon, Utah, Washington _ _ __ _ 288 2 12 50 22 374 T 
Grand total’ __________ 4,413 112 313 886 83 5,807 345 


W Withheld to avoid disclosing company proprietary data; included in “South Atlantic region.” 
1Data may not add to totals shown because of independent rounding. 

“Less than 1/2 unit. 

3Includes South Central region. 
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Table 9.—U.S. average monthly price and composite price for No. 1 heavy melting scrap 


in 1983 

(Per long ton) 
Month Chicago ` Pittsburgh ic son 
JanüBPy eu nro nope chc S Lon UA oe uar A A d eruta s $56.14 $61.86 $59.76 $59.25 
February: 222 ii a Ans 67.00 70.39 61.89 66.43 
March... a ía ti e as do do 77.70 77.70 68.00 74.47 
ADEM Aere 70.33 74.00 68.00 70.78 
y A AA 65.00 69.12 66.19 66.77 
JU ect ee tj A Kette 70.52 72.50 66.00 69.67 
NAAA e 70.08 74.50 66.00 70.19 
A AAA A AAA 74.00 81.20 69.35 74.85 
September -—-----------------------—-—----——— 78.00 82.38 73.00 77.79 
ONU EE de 78.00 82.95 73.00 77.98 
November 20: a ia 78.30 85.98 74.80 79.69 
December- aii nt a Fe ec ur a e ico eds 84.00 91.26 85.71 86.99 
Average AAA II A 72.42 76.99 69.31 72.91 
Average 1982 |. ooo ooo 57.78 66.47 66.94 63.73 


¡Composite price, Chicago, Pittsburgh, and Philadelphia. American Metal Market, Mar. 8, 1984. 


Table 10.—U.S. exports! of iron and steel scrap, by country 
(Thousand short tons and thousand dollars) 


Sg 1979 1980 1981 1982 1983 
un ——— ————— —— En 
id Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 
Canada ... 861 60,275 790 57,507 7137 52,463 307 21,006 539 39,717 
Greece ____ 500 52,395 545 57,484 271 25,452 208 16,517 112 8,215 
Italy _____ 1,186 124,361 892 101,865 34 2,407 12 2,972 65 4,395 
Japan ____ 2,922 305,509 2,838 308,784 1,191 117,724 1,530 145,083 2,600 218,337 
Korea, 

Republic of 1,418 152,483 1,736 192,745 1,241 114,736 1,522 115,515 1,476 111,051 
Mexico. _ _ 814 85,098 1,134 137,273 896 102,329 380 33,822 419 36,017 
Spain- _ ___ 1,400 127,592 11163 114,837 434 34,570 868 61,616 356 22,734 
Taiwan ___ 634 70,004 990 125,716 374 59,874 352 57,213 499 75,638 
Turkey. _ _ _ 242 23,482 318 31,363 364 31,814 639 48,286 700 50,851 
Other |... 1,077 141,207 762 98,367 874 97,274 987 108,273 754 69,767 

Total? __ 11,054 1,142,406 11,168 1,225,941 6,415 638,644 6,804 610,302 7,520 636,723 


1Excludes rerolling material and ships, boats, and other vessels for scrapping. 
2Data may not add to totals shown because of independent rounding. 
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TADE 12.—U.S. exports of rerolling material (scrap), by country’ 
(Thousand short tons and thousand dollars) 


SH 1979 1980 1981 1982 1983 
id Quantity Value Quantity Value Quantity Value Quantity Value Quantity Value 
Korea, Republic of 2 172 4 538 M T Ss BE 5 462 
Mexico... 57 8,614 65 10,848 -55 10,267 33 5,290 28 | 3,579 
Pakistan _____ xui. IL 2 185 Sc See EE ZEN AS EEN 
Other _______ 11 1,436 14 1,197 2 564 20 2,679 1 153 
Total______ 70 10,222 286 — 12,768 57 10,831 53 7,969 34 4,194 


1Starting in 1978, exports of rerolling material are not comparable with those of previous years because of a change of 
classification by the Bureau of the Census. 
2Data do not add to total shown because of independent rounding. 


Table 13.—U.S. imports for consumption of iron and steel scrap,' by country 


1982 1983 
Country Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 

Austria a a ek 25 $118 116 $253 
Belgium-Luxembourg_ . O, A 36 | 2 422 11 
Cañada -o mun oe onines edes ™389,661 732,211 589,645 41,754 
Germany, Federal Republic of _______ 71.171 1249 2,027 

JAPAN ost ee ee 1248 r193 1,346 2,634 
MEXICO lso SO Eee 165,805 13,904 32,590 2,061 
Netherlands __________________ 10 (3) (3) 
Panama. eta 6,002 61 PS em 
Sweden os c Le eg n LE 325 9 251 101 
enel Kingdom_______________~_ 3,967 235 2,236 396 


See 76.198 71,029 12,113 913 
Total a a c ient s "474,038 738,020 640,745 48,219 


"Revised. 

! Includes tinplate and terneplate. 

2Less than 1/2 unit. 

3Data may not add to totals shown because of independent rounding. 


Table 14.—Iron and steel scrap consumption in selected countries! 


(Thousand short tons) 
Contínent, country group, and country 1978 1979 1980 1981 1982 
North America: 
Canada? ? *5 |. 8,622 9.145 9,395 8,233 6,261 
United States? 59 . |. . /| | .. 99,223 98,901 83,710 85,097 56,386 
Latin America? 
Argentina. __§_$_______________ 1,523 71,621 81,320 r €1,230 €1,420 
Brazil's: acon a ee ie 5,800 6,497 r e7 170 r $6,190 €6,080 
Chile s oes eh ie d oca 177 204 8209 r €220 €140 
Colombia ___________________ 183 261 8211 r e205 €210 
Mexico_____________________ 3,097 2,705 82,345 r €2 490 €2,310 
Peris un O E ats 150 230 8173 r e130 90 
Uruguay o es so e es 57 55 824 “20 “30 
Venezuela___§________________ 602 1,052 81,068 r €1,090 €1,500 
Central America, not further detailed _ _ 61 8128 854 r e50 e50 
Europe: 
European Economic Community: 
Belgium cnm 4,182 4,467 4,065 4,133 4,566 
Denmark? ________________ 31,068 3998 3894 758 690 
France et ee es 9,018 8,941 8,748 8,040 7,076 
Germany, Federal Republic off _ _ _ 23,359 23,993 22,401 21,632 19,342 
Greecef.  . 22s 300 310 300 300 
Ireland__________________ 87 1093 103 1041 1076 
RAE a 17,897 17,928 1019,825 17,799 16,944 
Luxembourg... 1,942 1,968 1,738 1,458 1,450 
Netherlands ______________ 2,030 2,166 2,025 1,961 1,594 
United Kingdom ___________~_ 16,902 16,761 10,248 11,424 €11,409 
European Free Trade Association: 
ustria.__-_______________ 1,926 2,013 71910 © 71,910 1,807 
Finland ue 832 819 848 807 758 
Norway oo titi o ER *490 607 526 1055] 537 
Portugal --—------------—-—- 491 e520 1564 *450  *440 
Sweden__________________ 2,872 . 8,045 52,835 2,924 €3,030 
Switzerland _______________ €770 €870 €909 10948 . 10915 


See footnotes at end of table. 
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Table 14.—Iron and steel scrap consumption in selected countries! —Continued 


(Thousand short tons) 
Continent, country group, and country 1978 1979 1980 1981 1982 
Europe —Continued 
Council for Mutual Economic Assistance: 
Bulgaria’. oe losetas 720 | 805 860 830 830 
Czechoslovakia? 75 __________ 8,173 8,438 8,884 8,244 8,186 
German Democratic Republic _ — _ _ 5,040 5,545 5,833 5,816 - 5,649 
Hungary ________________~_ 2,566 2,595 2,528 2,425 2,446 
Poland __________________ 12,518 11,597 11,817 9,598 119 093 
Romania ________________ 4,080 4,190 4,300 4,250 4,240 
U.S.S.R.£2222_2_2__ 2 2 2 54,450 53,020 156,690 156,900 56,500 
Other: 
e) ee eee ii 8,726 7,961 109 195 9,933 €10,150 
Yugoslavia -------------—-— 2,249 2,272 2,287 2,324 2,245 
EE South Africa, Republic of? 77 _ 13,656 13,062 13.974 r3 333 *3,060 
ia: 
China cesar di 8,000 18.700 Tg 400 r9 000 9,400 
India" 262 eo See a Sek 4,400 4,400 4,080 4,100 4,200 
EENEG 43,445 50,292 48,291 44,616 42,832 
Korea, Republic off 2222 1,860 1,800 2,200 2,700 3,300 
Taiwan? 13 | 600 800 1,200 71,100 1,400 
Turkey. uni et tes 101,017 r €1 500 re) 900 101 764 *1,900 
Oceania i 
Australia -—-——------------——- 102 448 102 639 €2 470 €2 480 €2,070 
New Zealand ______________ L €182 10160 r €160 r €155 *160 
Total on cuneo ae 1367,791 376,094 1359,597 1349,659 313,072 


“Estimated. ‘Revised. 

1Unless otherwise specified, figures represent actual reported consumption of iron and steel scrap utilized in the 
production of pig iron, ferroalloys, crude steel, foundry products, and rerolled steel, as well as other unspecified uses in 
the steel industry and by other unspecified industries as reported by the United Nations Economic Commission for 
Europe in its Annual Bulletin of Steel Statistics for Europe, v. 10, 1982, New York, 1983, 87 pp., which is the source of all 
data unless otherwise specified. All estimates are by the Bureau of Mines. 

2Excludes scrap consumed by steel rerollers. 

3Excludes scrap consumed by iron foundries. 

*Excludes scrap consumed within the steel industry for purposes other than the manufacture of pig iron, ferroalloys, 
crude steel, foundry products, and rerolled steel (details on use not available). | 

5Excludes scrap consumed outside the steel industry. 

®Bureau of Mines data. 

"Except where individually specified as an estimate or as being derived from another source, data are from Instituto 
Latino Americano del Fierro y el Acero. Statistical Yearbook of Steelmaking and Iron Ore Mining in Latin America, 
1981. Santiago, 1982, 160 pp. Source does not provide details on what is included; presumably figures include total steel 
industry ferrous scrap consumption but exclude scrap used outside the steel industry. 

5]ron and Steel Statistics Bureau (United Kingdom). International Steel Statistics, Selected Central and South 
American countries, 1981. London, 1981, 76 pp. 

?Includes scrap used in production of steel casting at shipyards, but excludes scrap, if any, used in the production of pig 
iron. 

10Organization for Economic Cooperation and Development. The Iron and Steel Industry in 1979, Paris, 1980, 40 pp.; 
The Iron and Steel Industry in 1980, Paris, 1982, 40 pp.; The Iron and Steel Industry in 1981, Paris, 1983, 40 pp.; The Iron 
and Steel Industry in 1982, Paris, 1984, 52 pp. 

HTncludes 8,983,000 short tons reported for use in production of pig iron and crude steel, and an estimated 110,000 short 
tons for use in foundries. 

12Tron and Steel Statistics Bureau (United Kingdom). International Steel Statistics, Republic of South Africa, 1981, p. 4. 

33Excludes a substantial tonnage derived from shipbreaking (possibly of the order of several million short tons 
annually for electric-furnace-equipped steel mills). 
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Table 15.—Iron and steel scrap exports, by selected countries! 


(Thousand short tons) 
Continent, country group, and country 1978 1979 

North America: 

Canada — eee ot Be a 963 1,139 

United States? 7. 9,089 11,124 
Latin America: 

Mexico? . |. 2 22 2 LL 2 llc (*) 1 
Europe: | 

European Economic Community: 

Belgium-Luxembourg _____________ 585 606 
Denmark- ----------------——— 89 100 
Krahce 5 ecu Daa ee 4,038 3,887 
Germany, Federal Republic of ____ _ _ __ 3,048 3,305 
Greece eene ee ee AN (4) ($) 
Ireland -——--—-------------—-—-——- 60 79 
ew: geneet 8 14 
Netherlands. ____-______ 1,311 1,259 
United Kingdom ________________ 1,725 1,475 
European Free Trade Association: 
AUSEIS - un oon als 9 17 
RFinlánds omo rota Ecce sas 1 3 
NOPWay = ul ee ee ree EE 40 46 
Portupal AS 11 6 
5wedeh. tee Ee Ar 86 19 
Switzerland __________________- 97 110 
Council for Mutual Economic Assistance: 
Bulgaria EE 184 143 
Czechoslovakia? ________________ 126 137 
German Democratic Republic? . 15 51 
Hungary - ------------------—- 46 41 
Poland _____________________ 15 12 
Romania? ____________________ 3 1 
WSS Retin ed rad a eS 1,849 2,190 

Other: 

Icelatid mortis a ts Da ia cs 5 

EIERE c. 1 ($) 

Yugoslavia____________________ 87 52 
Africa: 

Morocco? _______________________ 50 98 
South Africa, Republic off |. 8 1 
ia: 

ANA A ORA ($) ($) 

Hong Kong? _____________________ 315 412 

Indias S. un uo eet a 31 12 

Indonesia? ______________________ 7 € 
Japan EEN 181 166 

Korea, Republic of? _________________ 9 14 

Malaysia?_______________________ 15 15 

Philippines 222020 paa 3 3 
Singapore? EE 4 2 
Taiwan*-- occ s e uum 172 79 
Thailand? ao at ds m ES 

Oceania: 
Australia... = = = 2 2 2 755 63 
New Zealand? ____________________ 2 5 
KEE 25,038 26,698 


*Estimated. "Revised. 


1980 


865 
711,254 


r *600 
49 


728,950 


1981 


632 
6,472 


708 
3 


725,231 


527 


'Unless otherwise specified, source is United Nations Economic Commission for Europe. Annual Bulletin of Steel 
Statistics for Europe 1982, v. 10, New York, 1983, 38 pp. 
Official trade returns of subject country. 


“Includes rerolling material. 
*Less than 1/2 unit. 


‘Partial figure; compiled from import statistics of trading partner countries. 
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Table 16.—Iron and steel scrap imports, by selected countries! 


(Thousand short tons) 
Continent, country group, and country 1978 1979 1980 1981 1982 
North America 
aly EEEE ae EE A er ene E EET 1,052 1,156 1,119 924 3500 
United States? __.._______________- 794 761 582 556 468 
Latin America: 
Argentina? Lo ooo 18 7 2 2 * 
Breif osa a iaa Wi (3) 24 
` EE 8 *10 *10 *10 *10 
Colombia? LL LLL LL LL LLL ~~ 23 25 14 83 *30 
EE 92 480 495 *100 *100 
Mexico? ___.__.__.____-__-__-__-- 631 898 251 235 96 
y EAN A eta — Te 336 *35 318 
Venesuela? ______________-_-_--_- 5 60 86 55 *50 
Europe: 
ss lgi vea pene eri ad 1,079 1,069 947 1,054 978 
um-LuxembDOUIg moooooooooo.- ? , ? 
Ro lolum ec decu d d c 290 818 239 198 296 
Goma y, Federal Republic of _______- 1 108 1 160 1 658 1 418 1 421 
Greece O rr ec er en er 218 254 268 817 4478 
Ireland --ooooocoococoooooo.- 10 6 9 4 2 
EES 7,238 7,696 8,168 6,107 6,141 
EE 182 136 170 
United Kingdom `... A 49 28 23 41 
Eu Free Association 
EE 127 149 158 187 420 
AAT), WEE 24 9 117 68 56 
Norway. ena as naaa a 11 58 26 4 
Portugal .—— 2 coder cssc 781 161 164 94 3137 
m UL EAE E E e E 180 148 84 212 
teerland A A 96 197 151 125 118 
Council for Mutual Economic Assistance i "p 
EE 54 47 6 59 *50 
inan Democratic Republic .....-.-.-. 602 po 1,001 in zt 
Pla coc ue cu 10 7 58 
Romania __.______ ~~ _______- 11 62 c Se 
U.S.S.R. coL a 821 822 *23 024 *20 
Other: 
A Eo i EE 2,811 3,805 4,835 "4,479 *5,000 
Yugoslavia. - ooo 443 292 437 528 500 
Africa 
e o ra tie ae la o dea 46 18 41 15 14 
OFOCCÓ AA l (3) (3) 29 ti 
South Africa, Republic of... 19 9 31 14 30 
1a: 
China*_________________________ 19 6 2 2 e2 
Hong Kong? ____________________- 139 116 103 104 71 
nda WEE 3119 3160 *130 *100 *100 
Indonesia - o 89 33 43 69 250 
A Ss ee ee E 3,559 3,688 3,291 1,974 2,232 
Korea, Republic off __________________ 1,867 1,742 2,130 2,546 1,994 
Malaysia _______________________ 8 5 60 
BKISLAD - ---------------------- 187 139 368 2534 *500 
Philippines? |... 2. 87 105 10 10 *10 
ingapore? ______________________ 103 120 190 86 103 
Taiwan! ________________________ 686 839 1,358 971 718 
Thailand?_______________________ 884 678 373 460 429 
NN OY E 356 399 381 579 *500 
Oceania: 
Australia?_______________________ 1 1 1 e] 
New Zealand? ____________________ 19 1 69 5 e5 
Total ....... e 726,987 27,928 30,092 26,154 25,885 


Estimated. "Revised. 

¡Unless otherwise specified, source is United Nations Economic Commission for Europe. Annual Bulletin of Steel 
Statistics for Europe 1982, v. 10, New York, 1983, 38 pp. 

icial trade returns of subject country. 

3Less than 1/2 unit. 

*Partial figures; compiled from export statistics of trading partner countries. 

Officially reported, but may be an incomplete figure. 

*Partial figure; compiled from incomplete returns of subject country and export statistics of trading partner countries. 


Kyanite and Related Materials 


By Michael J. Potter: 


Kyanite, andalusite, and sillimanite are 
anhydrous aluminum silicate minerals that 
are alike in both composition and use pat- 
terns and have the same chemical formula, 
A1,0,*8i0,. Related materials include syn- 
thetic mullite, dumortierite, and topaz, also 
classified as aluminum silicates, although 
the last two additionally contain substan- 
tial proportions of boron and fluorine, re- 
spectively. All of these kyanite-group sub- 
stances can serve as raw materials for 
manufacturing special high-performance, 
high-alumina refractories, but no record in 
recent years exists of significant utilization 
of either dumortierite or topaz for this 
purpose in the United States. 

Although published statistics are incom- 
plete, the United States, the Republic of 
South Africa, and India appear to be the 
leading world producers of kyanite-group 
minerals. The U.S.S.R. and perhaps a few 
other industrialized nations are also pre- 
sumed to produce significant quantities of 
these materials. 

U.S. kyanite output in 1983 was esti- 
mated to be approximately the same as in 
1982. Export and import data since 1977 for 
kyanite and mullite-containing materials 


are no longer collected as a separate catego- 
ry by the Bureau of the Census. 

Domestic Data Coverage.—Domestic pro- 
duction data for kyanite and synthetic mul- 
lite are developed by the Bureau of Mines 
by means of two separate, voluntary, domes- 
tic surveys. In the kyanite survey, of the 
three active mines canvassed, none respond- 
ed. These mines were operated by two 
companies. An estimate of total production 
was made by the Bureau of Mines using . 
prior year production levels adjusted by the 
trend of the minerals economy. 

In the synthetic mullite survey, of the 
five canvassed operations, three, or 60%, 
responded and accounted for 6% of the total 
production data shown in table 1. The 
percentage of production that was estimat- 
ed, 94%, was arrived at by using prior year 
production levels adjusted by the trend of 
the minerals economy. | 

Legislation and Government  Pro- 
grams.—The allowable depletion rates for 
kyanite, established by the Tax Reform Act ` 
of 1969 and unchanged through 1983, were 
22% for domestic production and 14% for 
foreign operations. 


DOMESTIC PRODUCTION 


Kyanite was produced in the United 
States at three open pit mines, two in 
Virginia and one in Georgia. Kyanite Min- 
ing Corp. operated the Willis Mountain and 
East Ridge Mines in Buckingham County, 
VA. C-E Minerals Inc. operated the Graves 
Mountain Mine in Lincoln County, GA. 

The tonnage of domestic kyanite was 
estimated to be approximately 100,000 tons, 
the same as in 1982.2? 

There are three types of synthetic mul- 


lite. Fused synthetic mullite is made by 
melting Bayer process alumina and silica, 
or bauxite and kaolin in an electric furnace 
at about 3,450” F. High-temperature sin- 
tered synthetic mullite is prepared by sin- 
tering mixtures of alumina and kaolin, 
bauxite and kaolin, or alumina, kaolin, and 
kyanite above 3,180* F. Low-temperature 
sintered synthetic mullite is made by sin- 
tering siliceous bauxite or mixtures of baux- 
ite and kaolin above 2,820° F. 


529 
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Output of synthetic mullite in 1983 was 
largely of the high-temperature sintered 
variety, and the two producers of this mate- 
rial were believed to be C-E Minerals, at 
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Americus, GA, and Harbison-Walker Re- 
fractories Co., at Eufaula, AL. Electric- 
furnace-fused mullite was produced by the 
Carborundum Co. at Niagara Falls, NY. 


Table 1.—Synthetic mullite production in 


the United States 
Quantit Value 
Year (hot (thou 
tons) san 
A IA 40,660 $6,675 
KEEN 40,540 8,012 
¡E AA A 2,000 9,050 
LEES ,000 5,950 
¿E os 23,000 4,700 
*Estimated 
CONSUMPTION AND USES 


Kyanite and related materials were con- 
sumed mostly in the manufacture of high- 
. alumina or mullite-class refractories and in 
lesser quantities as ingredients in ceramic 
compositions. U.S. kyanite, already ground 
to minus 35 mesh as required by the flota- 
tion process used in its separation and 
recovery, was marketed either in this raw 
form or, after heat treatment, as mullite, 
sometimes further reduced in particle size 
before use. In the 35- to 48-mesh range, 
kyanite was used mostly in monolithic re- 


fractory applications such as for high- 
temperature mortars or cements, ramming 
mixes, and castable refractories, or with 
clays and other ingredients in refractory 
compositions for making kiln furniture, in- 
sulating brick, firebrick, and a wide variety 
of other articles. More finely ground materi- 
al, minus 200 mesh, was used in body 
mixes for sanitary porcelains, wall tile, 
investment-casting molds, and miscella- 
neous special-purpose ceramics. 


PRICES 


Engineering and Mining Journal, De- 
cember 1983, listed prices for kyanite, f.o.b. 
Georgia, ranging from $85 to $137 per short 
ton for bulk shipments and $9 more per ton 
for bagged material. 


The December 1983 issue of Industrial 
Minerals (London) quoted kyanite-group 
prices approximately equivalent to the 
following 3 


Per short 
ton 


Andalusite, Transvaal, 52% to 54% 
A1203, bulk, c.i.f. main European port____ $95 
Andalusite, Transvaal, 60% Al203, c.i.f. 


main European po mu 


And. Meus cade 122 


Sillimanite, South A African, 7096 o AOs; 


Ci. f. main Euro 


E NE 259 


pean port 
U.S. k yanite, 59% to 62% Al203, 35-325 Tyler 


, raw “and/or calcined, 18-ton lots, c.i.f. 
main European nm 
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FOREIGN TRADE 


An estimated one-third of U.S. production 


Federal Republic of Germany. Imports were 


of kyanite and mullite-containing materials estimated to be insignificant. 
was shipped overseas, primarily to the 
WORLD REVIEW 


India.—Sillimanite minerals described in 
a journal article included producing compa- 
nies; 1980 and 1981 production tonnages 
and values for kyanite and sillimanite, by 
State; and exports for 19779 to 1981.* 

The Indian Rare Earths Ltd. sands proj- 
ect at Orissa required the installation of a 
dredge and wet concentration unit with a 
capacity of 500 tons per hour. Heavy miner- 
al content of the sand was 2096 with the 
remainder consisting of quartz. The second 
stage of the project will require a heavy 
mineral sand separation plant and was 
expected to yield 33,000 tons per year 
of sillimanite and various other heavy 
minerals.5 

The Lapso Buru kyanite operation of 
Hindustan Copper Ltd., located in the 
Singhbhum District of Bihar State, was 
described in a journal article. Output was 
about 20,000 tons per year. Project history, 
geology, mining methods, and washing were 
described.* 

Japan.—Consumption of sillimanite, an- 
dalusite, and/or kyanite was approximately 
17,600 tons per year from 1980 to 1982. 
Consumption of synthetic mullite was ap- 
proximately 38,000 tons per year in 1980 
and 1981 and 29,000 tons in 1982.’ 

South Africa, Republic of.—Total anda- 
lusite production decreased an estimated 
31% compared with that of 1982. 

A journal article described the andalusite 
operation of Rand London Andalusite Ltd. 
in the State of Lebowa. Info: nation was 


included on history, geology, reserves, min- 
ing, processing, and sales.* 

United Kingdom. —Imports of kyanite- 
group minerals in 1981 were approximately 


42,000 tons. Principal countries of origin 


and the share supplied were the Republic of 
South Africa, 40%; France, 34%; and the 
United States, 7%. In 1982, imports of 
kyanite-group minerals were 38,700 tons. 
Principal countries of origin and the share 
supplied were the Republic of South Africa, 
53%; France, 29%; and the United States, 
10%.? 

Colin Stewart Minerals Ltd. was appoint- 
ed official distributor for the United King- 
dom of andalusite produced by Rand Lon- 
don Andalusite Ltd. The Al1;0, content of 
the product was guaranteed at a minimum 
of 59%, and the Fe;O; content at a maxi- 
mum of 0.9%." 


1Physical scientist, Division of Industrial Minerals. 

“Dickson, T. SE Minerals. Min. Annu. Rev. 
(London), 1983, p. 114 

SWhere necessary, values have been converted from 
pounds sterling (£) per metric ton to U.S. dollars per short 
ton at the rate of £1.00 = US$1.50. 

‘Clark, G. M. The Industrial Minerals of India. Ind. 
Miner. (London), No. 191, Aug. 1983, pp. 42-43, 51. 

5Industrial Minerals (London). Don't Forget Orissa for 
1984. No. 189, June 1983, pp. 11, 13. 

Mining Magazine (London) Lapso Buru Kyanite. 
V. 149, No. 5, Nov. 1983, pp. 378-379, 381. 

"Industrial Minerals (London). Refractories in '82. No. 
189, June 1983, p. 13. 

SHolz, P. Rand London Andalusite Is Mining Again. Ind. 
Miner. (London), No. 187, Apr. 1983, pp. 45-47. 

?Industrial Minerals (London). United Kingdom Indus- 
trial Mineral Statistics. No. 187, Apr. 1983, p. 60. 

9———. Company News & Mineral Notes. No. 186, 

ss 1983, p. 61. 
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Table 2.—Kyanite: World production, by country! 


(Short tons) 
Country? and commodity | 1979 1980 1981 1982P 1983* 
Australia: Sillimanite? -___-_.-.-.-..-.-.-...-.- 626 729 365 868 880 
Brazil: Kyanite* -_--_-.oooooocoooo... 1,929 74,707 1,758 *2,000 1,650 
one Kyanite-andalusite* - ------------ 83,100 33,100 33,100 33,100 33,100 
ndia: 
Kiañ <a ii 44,874 51,282 42,200 37,245 38,600 
Sillimanite .--------------------- 17,752 14,815 11,808 14,408 15,400 
Korea, Republic of: Andalusite -.....-..-.--- 66 90 99 36 55 
eu Africa, Republic of: | 
Andalusite oa ---------------- 147,905 216,622 199,818 *176, 700 121,800 
Sillimañit Ma 21,577 17,851 17,090 $12,500 4,400 
Spain: Andalusite - - - - ---- ------------ 5,908 7,188 6,780 5,627 5,500 
nited States: 
Kyanite caca a Wo. W W W W 
Synthetic mullite 2l. mem 40,660 40,540 42,000 21,000 28,000 


*Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 

lOwing to incomplete reporting, this table has not been totaled. Table includes data available through Mar. 28, 1984. 

Bin addition to the countries listed, a number of other nations produce kyanite and related materials, but output is not 
reported quantitatively and no reliable basis is available for estimation of output levels. 
In addition, sillimanite clay (also called kaolinized sillimanite) is produced, but output is not reported quantitatively, 

and available information is inadequate for the orau anon of EE estimates of output levels. 
‘Series reflects output of marketable products; cru de productio vA res in previous editions of this chapter) was as 

follows, in short tons: 1979— 9,081; 1980—20,168; 1981— 2,618; 1982—20, (estimated); and 1988—8,800 (estimated). 


Lead 


By William D. Woodbury: 


Domestic mine output of recoverable lead 
declined by over 60,000 metric tons in 1983 
and was the lowest production in a non- 
strike year since the mines in southeast 
Missouri reached significant production lev- 
els in 1969. The decline was attributed to 
the closure for economic reasons of the 
Nation’s second-largest lead mine at Sweet- 
water, MO, in March. Total primary refin- 
ery output from domestic and foreign raw 
materials however, was about the same as 
that of 1982. Production from scrap materi- 


als declined significantly for the fourth 
consecutive year, owing to a continued 
shortage of scrap at acceptable prices. Sec- 
ondary production declined to less than two- 
thirds that of 1979, and during 1983, virtual- 
ly all plants curtailed production, operated 
intermittently, or temporarily closed for 
long periods. Secondary refined production 
was the lowest since 1968. Consumption of 
lead for storage batteries, the major end 
use, increased by over 100,000 tons. 


Table 1.—Salient lead statistics 
(Metric tons unless otherwise specified) 


United States: 
Production: 
Domestic ores, recoverable lead content _ _ _ _ 
Value_-----------—- thousands_ _ 
Primary lead (refined): 


From domestic ores and base bullion _ _ _ 
From foreign ores and base bullion -_ — _ _ 
Antimonial lead (primary lead content) _ _ _ _ 
Secondary lead (lead content) 
Exports (lead content): 
Lead ore and concentrates ____________ 
Lead materials excluding scrap |... 
Imports, general: 
Lead in ore and matte - - ------------ 
Lead in base bullion- - - -----------—-- 
Lead in pigs, bars,’ reclaimed scrap ___--_-_ 
Stocks, Dec. 31 (lead content): 
At primary smelters and refineries_ - - - - —— 
At consumers and secondary smelters _ _ _ _ — 
Consumption of metal, primary and secondary - 
e d Common lead, average, cents per pound? _ _ 
or 


Production: 
ine -------.- thousand metric Long 
Refinery? ________________~_ do____ 
Secondary refinery _________-__ do... 
Price: London Metal Exchange, pure lead, average, 
cents per pouund____________________ 
“Estimated. Preliminary. 


1979 1980 1981 1982 1983 
929,969 550,366 445,535 "512,516 449,038 
$609,929 $515,189 $358,821 "$288,579 $214,623 
529,970 508,163 440,238 459,865 459,328 
45,641 39,427 55,085 52,295 55,227 

2,596 851 3,008 4,622 

801,368 675,578 641,105 571,276 503,501 
32,902 27,615 33,043 29,104 20,119 
10,646 164,458 23,320 50,629 20,449 
39,998 44,095 58,045 35,807 47,516 
1,681 296 449 19 53 
198,344 88,995 107,185 99,587 179,485 
89,322 125,994 140,207 125,537 106,661 
153,195 126,214 123,216 97,209 100,771 
1,358,335 1,070,303 1,167,101 1,075,408 1,148,487 
52.64 42.46 36.53 20.04 21.68 
"3,450.6 "3,448.2 3,349.4 P3,408.0 3,324.4 
"3,297.5 "3,172.9 3,124.0 P3,149.8 3,204.6 
2,414.6 "2,257.0 2,211.5 po 077.6 €2,024.7 
54.52 41.21 33.30 24.66 19.27 


"Revised. W Withheld to avoid disclosing company proprietary data. 


1Includes Bureau of Mines estimate of 42,000 metric tons of pigs and bars (lead content) of U.S. brands returned from 


the London Metal Exchange. 
2Metals Week. Average transactions on a delivered basis. 


3Primary metal production only. Includes secondary metal production where inseparably included in country total. 
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The U.S. producer prices gradually de- 
clined during the first half of 1983, bot- 
tomed in July at the lowest level since 
January and February 1976, but recovered 
in the last quarter to about 3 cents per 
pound above the beginning of the year. The 
average U.S. transactions price for the year 
was the lowest since 1975 and the second 
lowest of the century in 1972 constant 
dollars. London Metal Exchange (LME) 
cash quotations for lead averaged 2.4 cents 
per pound less than U.S. prices for the year 
and about 6.5 cents per pound less in the 
fourth quarter, which triggered record-high 
imports of pig lead from the LME during 
November and December. 

During the year, the final phase of the in- 
plant worker blood-lead-level standard for 
medical removal protection (MRP), which 
affected all plants of the lead-producing and 
consuming sectors, went into effect. For the 
second consecutive year, a major technolog- 
ic innovation was introduced in the domes- 
tic automotive replacement battery market, 
reportedly the first truly “maintenance- 
free" lead-acid system. | 

Domestic Data Coverage.—Domestic da- 
ta for lead are developed by the Bureau of 
Mines from five voluntary surveys of U.S. 
operations. Typical of these are the com- 
bined monthly and annual secondary smelt- 
er and consumer surveys. Of the 324 con- 
sumer plants to which a survey request was 
sent, 90% responded, representing 96% of 
the primary and secondary lead consump- 
tion shown in tables 1, 13, 14, 15, and 16. Of 
the 78 secondary producer plants to which a 
survey request was sent, 60% responded, 
representing 83% of the total secondary 
lead production shown in tables 1, 11, and 
12. Production and consumption for the 
nonrespondents were estimated using re- 
ported prior year production levels adjusted 
by general industry trends. 

Legislation and | Government Pro- 
grams.—Four significant actions by US 
Government agencies during 1983 had im- 
mediate and/or potentially severe long- 
term consequences to the domestic lead 
industry. On March 1, the final phase of the 


MINERALS YEARBOOK, 1983 


worker blood-lead-level MRP standard of 
the Occupational Safety and Health Admin- 
istration's (OSHA) 1979 Lead Standard be- 
came effective. In some plants the standard 
reportedly could temporarily idle up to 30% 
of the work force with pay, according to 
industry, but for most plants, the impact 
will be significantly less. The standard was 
applied to all producers and consumers of 
lead regulated by OSHA. Also affecting the 
industry was the decision by OSHA to 
retain the in-plant air-lead permissible ex- 
posure limit (PEL), büt not to enforce ulti- 
mate compliance solely by engineering con- 
trols as originally scheduled. Compliance 
plans with the PEL based on variable mix- 
tures of engineering controls with supple- 


mental work practice and administrative 


controls, including worker self-protection 
devices, were to be negotiated on a plant-by- 
plant basis with organized labor input, a 
significantly less costly approach at most 
plants. 

On February 17, the Environmental Pro- 
tection Agency (EPA) published proposed 
specific point source effluent limitations, 
pretreatment standards, and new source 
performance standards for nonferrous met- 
als manufacturers for compliance with the 
1977 Clean Water Act requirements. Com- 
pliance with these standards, together with 
similar proposed guidelines for battery 
manufacturers published on November 10, 
1982, utilizing best available technology 
standards, was expected to be required by 
mid-1984. On April 4, 1983, EPA also pub- 
lished proposed rules for hazardous waste 
management affecting secondary lead 
smelters and the lead-acid battery recycling 
sector in general, to implement applicable 
sections of the 1976 Resource Conservation 
and Recovery Act. Compliance was also 
expected to be mandated in 1984 and re- 
portedly was the most troublesome to the 
secondary lead and battery recycling indus- 
tries of the pending rulemakings at year- 
end. 

The National Defense Stockpile during 
1983 remained at 545,000 tons, about 55% of 
the current authorized goal. 


DOMESTIC PRODUCTION 


MINE PRODUCTION 


The decline in U.S. mine production of 


recoverable lead reflected the low world- . 


wide demand for lead. Unfavorable econom- 
ic conditions forced the closing in early 
March of the Nation’s second-largest lead 
mine, Ozark Lead Co.’s Milliken Mine, 


at Sweetwater, MO. Eight lead mines in 
Missouri, including St. Joe Lead Co.'s new 
Viburnum No. 35 Mine at Bixby, MO, which 
yielded development ore in the second half 
of the year, produced 91% of the domestic 
total. Lead-producing mines in Idaho and 
Missouri together accounted for 97% of the 
total U.S. mine output. 


LEAD 


According to AMAX Lead Co. of Mis- 
souris annual report, the Buick Mine in 
Iron County, MO, equally owned by AMAX, 
the operator, and Homestake Mining Co., 
continued to be the Nation's largest single 
lead-producing unit, milling 1.93 million 
tons of ore at an average grade of 7.995 lead, 
down 6% in volume but upgraded 0.3% in 
metal content over that of 1982. Estimated 
reserves of the mine at yearend were re- 
ported to be 34.5 million tons of ore at an 
average grade of 5.7% lead. Contained met- 
al production at 147,000 tons of lead in 
concentrates was only down 2% from that 
of 1982 owing to the slightly higher average 
grade of the ore hoisted. 

St. Joe Lead, the largest integrated pro- 
ducer of lead in the United States, operated 
three lead mine and milling complexes in 
southeastern Missouri, producing 196,000 
tons of lead in concentrates during its fiscal 
year ending October 31, 1983, according to 
parent Fluor Corp.’s annual report, an in- 
crease of 4% over that of 1982. The three 
mills treated 4.17 million tons of ore from 
five captive mines averaging about 4.8% 
lead during the year. Total estimated mill 
capacity was 20,000 tons of ore per day. St. 
Joe Lead had proven domestic reserves of 
06.3 million tons of ore containing 5.0% 
lead at fiscal yearend. The Fletcher Mine in 
Reynolds County, MO, was the Nation's 
second-largest producing lead mine during 
the year. 

The third-largest producing lead mine 
was Cominco American Incorporated and 
Dresser Industries Inc.’s equally owned 
Magmont Mine in Iron County, MO, which 
milled 1.04 million tons of ore at an average 
grade of 7.2% lead, according to Cominco's 
annual report. Lead concentrate production 
increased 17% to 94,600 tons owing to the 
significantly higher average grade of the 
ore mined compared with that of 1982. 
Production began late in 1983 from the new, 
higher grade West area after completion of 
a 2-mile haulage drift from the main shaft. 
As a result, the published measured and 
indicated yearend reserves increased nearly 
20% to 6,200,000 tons, with an average 
grade of 8.0% lead. On November 1, Comin- 
co, the operator, signed a toll agreement 
with the ASARCO Incorporated smelter- 
refinery at Glover, MO, to replace the 
expired contract with the adjacent AMAX 
plant at Boss, MO. 

At Ozark Lead's Milliken Mine in Reyn- 
olds County, MO, normally the Nation's 
second-largest lead-producing mine with 
82,000 tons capacity, production was indefi- 
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nitely suspended in the first week of March 
owing to unfavorable economic conditions. 
According to Standard Oil Co. of Ohio's 
(Sohio) annual report, the mine produced 
10,250 tons of lead in concentrates. Ozark 
Lead is wholly owned by Kennecott, which 
is a subsidiary of Sohio. Milliken's concen- 
trates were purchased on contract by Asar- 
co for processing at its Glover, MO, smelter- 
refinery. 

Hecla Mining Co. reported that its Lucky 
Friday unit in Shoshone County, ID, pro- 
duced 233,375 tons of silver ore with a grade 
of 11.3% lead. That was the highest ore 
production in the mine's history and repre- 
sented 26,000 tons of contained lead and 
9.08 million troy ounces of recovered silver. 
The new record was attributed to the first- 
stage completion of the new deep shaft to 
6,205 feet on April 27. Development of the 
4,900-foot and 5,100-foot levels began at 
midyear, and the first ore was hoisted on 
October 10. The shaft was designed so that 
it could be extended to an ultimate depth of 
7,500 feet, permit a 35% increase in mine 
capacity, and also enhance further explora- . 
tion and future development of large com- 
pany holdings surrounding Lucky Friday. 
Ore reserves at the end of 1983 were 470,000 
tons at an average grade of 12.2% lead, up 
3% from that of 1982. An extensive explora- 
tion program from the new shaft levels was 
to be started in 1984 as, for the first time in 
the history of the mine, adequate hoisting 
capacity to allow exploration waste to be 
hoisted was available. According to Hecla, 
this program promised to be the greatest 
opportunity for discovery of new high-grade 
silver-lead veins ever to be presented to the 
company. Exploration was also to continue 
during 1984 on seven additional projects in 
Colorado, Montana, Washington, and Que- 
bec, Canada. Hecla's Leadville unit, known 
as the Sherman Mine, or Sherman Tunnel, 
which was operated on a 60%-equity basis 
for Leadville Corp. in Lake County, CO, and 
which had ceased production in January 
1982, resumed production in June 1983 at a 
rate of 120 tons of ore per day grading 0.5% 
lead as a byproduct of silver ore grading 
over 15 troy ounces per short ton. This level 
of production was expected to be maintain- 
ed through 1984. | 

Asarco, which had suspended under- 
ground development at its new, large West 
Fork Mine in southeast Missouri in October 
1982, placed the project on standby status in 
June 1983 after completion of the mill and 
other surface facilities. In October, howev- 
er, Asarco started dewatering operations 
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and was to continue with construction of 
permanent underground facilities through 
1984. The mine reportedly could be on- 
stream by late 1985 at a capacity of 46,000 
tons of lead in concentrates per year. The 
reserves were estimated at 13.6 million tons 
grading 5.5% lead and 1.2% zinc, accord- 
ing to Asarco. Mill capacity was estimated 
at 3,450 tons of ore per day. Output at 
the Leadville Mine in Colorado, formerly 
known as the Resurrection Mine, which 
Asarco operated under a 50%-owned joint 
venture, produced near its capacity of 6,000 
tons of lead in concentrates in 1983. 


SMELTER AND REFINERY PRODUCTION 


Primary.—During 1983, the St. Joe Lead 
smelter-refinery at Herculaneum, MO, the 
Nation’s largest, with a rated capacity of 
204,000 tons per year, produced 206,600 tons 
of lead metal according to the company’s 
October 31 fiscal yearend 10K Report filed 
with the Securities and Exchange Commis- 
sion. At Boss, MO, the AMAX-Homestake 
smelter-refinery produced 129,700 tons of 
lead metal, also slightly over plant capacity, 


which was rated at 127,000 tons, and about - 


12% over that of 1982. At the smelter, a new 
elemental sodium drossing process was in- 
troduced that materially increased recovery 
and eliminated a drossing process step, 


which also reduced costs, according to 


Homestake’s annual report. Total produc- 
tion at the plant broke the record-high 
achieved in 1975 by over 6,000 tons. In mid- 
November, the plant’s long-term commit- 
ment to Cominco-Dresser to set aside one- 
half of its capacity for toll of lead concen- 
trates from the adjacent Magmont Mine 
expired, and from that point, the smelter- 
refinery became totally committed to proc- 
essing concentrates from AMAX-Home- 
stake’s own Buick Mine. 

Asarco reported that its three smelters, 
one each at East Helena, MT, El Paso, TX, 
and Glover, MO, produced 188,000 tons of 
lead bullion in 1983. The El Paso and East 
Helena operations, which custom toll 
concentrates from domestic and foreign 
sources, shipped the bullion to Asarco’s 
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Omaha refinery where 90,000 tons of lead 
metal was produced. Foreign concentrates 
came from Peru, Australia, Honduras, and 
Canada, in order of significance, but those 
imported for domestic consumption were 
virtually all from Asarco’s direct Peruvian 
interests or long-term relationships. The 
Glover smelter-refinery complex produced 
91,000 tons of lead metal, and the compa- 
ny’s total refined production was down 13% 
or 26,850 tons compared with that of 1982. 
This was directly attributed to the closure 
of Ozark Lead’s Milliken Mine on March 1, 
1983, which had been Glover’s prime pur- 
chased feed source. The Glover plant was 
immediately forced to curtail operations, 
and temporarily suspended operations from 
August 15 until September 19. A toll con- 
tract was signed on November 1 with 
Cominco-Dresser to smelt and refine con- 
centrates from the Magmont Mine, whose 
current contract had expired with AMAX- 
Homestake’s Boss smelter-refinery. Al- 


. though the Magmont Mine and the Milli- 


ken Mine are about equal in capacity, the 
net result of this switch was that Asarco 
could have as much as 80,000 tons less of its 
own lead to market annually. Asarco's total 
refined lead production was 70% of esti- 
mated capacity. 

Secondary.—During the year, permanent 
closure was announced for two plants with 
a combined capacity of 31,000 tons, but at 
yearend, total refined secondary metal ca- 
pacity was still estimated to be over 1.2 
million tons. At yearend, there were 27 
“major” producers who owned and/or op- 
erated 42 plants ranging from 5,000 to 
68,000: tons in annual capacity, averaging 
just under 30,000 tons, and who accounted 
for about 99% of U.S. secondary lead pro- 
duction. On December 1, Bergsoe Metal 
Corp. of Portland, OR, assumed ownership 
and operation of RSR Corp.'s 33,000-ton-per- 
year Seattle, WA, smelter-refinery under a 
Federal Trade Commission divestiture or- 
der. At that time, Bergsoe became the only 
large secondary lead producer in the Pacific 
Northwest and had a total capacity of 
60,000 tons per year in that area. 


CONSUMPTION AND USES 


The increase in domestic consumption of 
lead was attributed to a 15% increase in 
demand for use in all types of lead-acid 
storage batteries. According to Battery 
Council International, shipments of replace- 
ment automotive batteries, the largest sin- 
gle end use of lead, increased 3.5% during 


the year to 56.1 million units, and ship- 
ments of original equipment automotive 
batteries increased 29% to 10.8 million 
units. Those increases, together with consid- 
erably increased demand for wrought lead 
products in construction and pigments for 
paints and glass or ceramic products, were 
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partially offset by a decline of 30,000 tons in 
consumption of lead in gasoline additives. 
Use of lead in casting metals also declined 
significantly, but all other end uses remain- 
ed about level compared with those of 1982. 
Although consumption of lead for the 
manufacture of all types of storage batteries 
represented 70% of total demand in 1983 
compared with 65% in 1982, the gain was 
attributed primarily to rebuilding of start- 
ing-lighting-ignition (SLI) battery grid and 
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oxide inventories, which was reflected by 
the record-high fourth quarter consumption 
by the battery manufacturers. The use of 
lead in each SLI unit was estimated to have 
actually declined slightly owing to continu- 
ing technologic improvements. Lead in in- 
dustrial and traction batteries represented 
10.3% of the total used for batteries, and 
consumption of lead increased 22.6% in 
1983 compared with that of 1982 for that 
sector of the battery industry. 


STOCKS 


Refined soft lead stocks at primary refin- 
eries decreased 21%, but increased at sec- 
ondary and consumer plants because of 
favorable prices and anticipated increased 
demand. Stocks declined in all other cate- 
gories except bullion at primary refineries. 


World stocks of lead and antimonial lead 
metal in countries reporting to the Interna- 
tional Lead and Zinc Study Group (ILZSG) 
were approximately 540,000 tons at year- 
end, about 10% of total world demand, and 
20,000 tons less than that at yearend 1982.? 


PRICES 


. The U.S. producer price for lead opened 
the year in a quoted range of 20.5 to 23 cents 
per pound, according to Metals Week, and 
fluctuated from that range to 1/2 cent to 1 
cent higher through February, when a 
continuous, gradual, steady decline com- 
menced. This decline bottomed out at 19 to 
20 cents per pound from July 12 through 
August 2, when a gradual increase began in 
response to early buying from battery man- 
ufacturers, whose raw materials and retail 
stocks were reportedly low. This range 
represented the bottom of a 2-year down 
cycle from just under an average of 44 cents 
per pound in August 1981. The high quoted 
range for 1983 of 25 to 27 cents per pound 
was sustained from October 19 until Decem- 
ber 12, when it dropped 1 cent and closed 
the year at 24 to 26 cents. The average 
transactions price for the year was 21.7 
cents per pound as most sales were at or 
near the low end of the quoted ranges, and 
several forms of discounts were offered by 
major producers. 

Published price quotations for U.S. sec- 
ondary lead during 1983 were generally 3 to 
3.5 cents per pound above the average price 
for primary soft lead, and most secondary 
producers were not competitive in that 
market. However, secondary producers 
were able to realize premiums for alloyed 
metals, and the sector maintained its share 
of the market for antimonial lead and other 
alloys. 

The LME average cash prices during 1983 


were about 1/2 cent per pound below aver- 
age U.S. producer prices from the beginning 
of the year through mid-June. From that 
point, the spread began to increase, reach- 
ing an average of 3.4 cents during the start 
of the U.S. high-demand period in Septem- 
ber, and averaged over 6 cents per pound in 
the fourth quarter. The LME average for 
the year was 2.4 cents per pound less than 
the average U.S. price. The total cost of 
shipping, duty, handling, and inland freight 
to U.S. destinations of imported pig lead 
was estimated to average 5 to 6 cents per 
pound, with shipping, duty, and insurance 
accounting for 3 to 3.5 cents. Since LME 
prices were depressed and stayed relatively 
close to U.S. prices in the first half of 1983, 
LME inventories built from 126,000 tons of 
refined lead metal at 1982 yearend to a 
record-high of 218,000 tons in the first week 
of October, then declined to 172,000 tons at 
yearend 1983 as U.S. prices rose. 

The quoted domestic prices for lead oxides 
were based on the selling prices for pig lead 
in a given period plus conversion charges. 
However, premium adjustments were also 
made by individual producers to reflect 
differences in manufacturing technique, 
freight considerations, quality  require- 
ments, and other factors. The average total 
premiums for 100-pound units in carload 
lots, f.o.b. plant, were estimated to be 9.8 
cents per pound above the average pig lead 
price for litharge and 13.8 cents above for 
red lead. 
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FOREIGN TRADE 


Exports of lead in concentrates were at 
the lowest level since lead concentrates 
were Classified separately from mixed ores 
in 1978. Over 80% went to Canada, which in 
turn supplied over one-half of the non-LME 
U.S. imports for consumption of refined pig 
lead. Lead content of exported scrap, which 
was recorded by gross weight, was estimat- 
ed to be 60% metal. The United States had 
net imports for consumption of nearly 
130,000 tons of lead, including that contain- 
ed in concentrates and scrap, compared 
with 3,000 tons in 1982. The significant 
increase in imports was necessary because 
of relatively low U.S. mine output and 
secondary production. An unusual trade 
situation was the importation of 42,000 tons 
of U.S. brand pig lead from LME ware- 
houses during November and December 
that had been exported during 1982. Im- 
ports of concentrates for consumption in 
1983 were virtually all from Honduras and 
Peru, traditional suppliers under long-term 


contracts to domestic producers. Imports 
from Peru increased significantly to offset 
the considerable decline of Honduran con- 
centrates. Canada, Mexico, and Peru sup- 
plied over 75% of imported lead in all 
forms, and Australia continued to be an 
increasingly important supplier of refined 
metal. 

There was a general increase in imports 
of lead chemicals and compounds. The most 
significant was a 40% increase in imports of 
chrome yellow, used primarily for highway 
markings. Mexico accounted for all but 200 
tons of U.S. imports of litharge and red 
lead, while Canada supplied 47% of all 
other categories, including nearly 80% of 
the chrome yellow. Peru supplied virtually 
all of the lead arsenate imported; the Re- 
public of South Africa, 60% of the lead 
nitrate; the Federal Republic of Germany, 
84% of the lead acetate; and the United 
Kingdom, 60% of the total carbonate and 
sulfate white lead. 


Table 2.—U.S. import duties for lead materials, January 1, 1983 


(Lead content) 
; Least developed 
Item e Most ps nation developing Non-MFN 
i countries 
(0. EE 602.10 0.75 cent per pound _ _ Free! or current MFN 1.5 cents per pound. 
rate. 
Lead bullion ______ 624.02 3.5% ad valorem _ _ ` — ESEE (ent eae 10.5% ad valorem. 
Other unwrought _ _ _ 624.03 3.0% ad valorem? __ _ Current MFN rate only 10.0% ad valorem. 
Waste and scrap... 624.04 ____do________~_ Free! or 2.3% ad 11.5% ad valorem. 
valorem. 


1Free if eligible under General System of Preferences. 


emporary reduction until July 1, 1983, but the minimum duty shall not be less than 1.0625 cents per pound of 


contained lead. 


WORLD REVIEW 


According to ILZSG statistics, reported 
consumption of refined lead and antimonial 
lead metal in the market economy countries 
during both 1982 and 1983 was just under 
3.8 million tons, compared with just under 
3.9 million tons in 1981.3 Estimated total 
world consumption of lead during 1983 
decreased marginally to 5.22 million tons 
from 5.24 million tons in 1982, compared 
with 5.34 million tons estimated for 1981. 
Estimated total world refined lead produc- 
tion, excluding remelt scrap, and world 
mine production, excluding the United 
States, were also about the same as that of 
1982. 

ILZSG, at its 28th annual session in 


Geneva in October 1983, forecast a world- 
wide growth in lead consumption by market 
economy countries of about 3% for 1984, 
with a corresponding increase in refined 
metal production of nearly 4%. Mine pro- 
duction and net metal exports to centrally 
planned economy countries of about 100,000 
tons were expected to remain at 1983 levels. 
Total metal production by the market econ- 
omy countries was expected to exceed de- 
mand by about 100,000 tons in 1984; there- 
fore, no significant change in stocks was 
anticipated. 

Australia.—Early in the year, EZ Indus- 
tries Ltd. started production at its new zinc- 
lead-silver Elura Mine in New South Wales. 
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The mine and mill were designed for a 
yearly throughput of 1.1 million tons of ore 
yielding 65,000 tons of zinc and 40,000 tons 
of lead. As a result, the lead mining indus- 
try set a new production record for the 
second year in a row, and for the first time 
since 1968 exceeded U.S. lead mine produc- 
tion, usually the first in the world. Produc- 
tion in the main two producing areas, 
Mount Isa, Queensland, and Broken Hill, 
New South Wales, also increased substan- 
tially. Minor increases in production were 
recorded at the west coast mines of Tasma- 
nia and near Cobar, New South Wales, and 
slight declines were recorded in all other 
regions. Exports of lead concentrates were 
at the same gross tonnage level as those of 
1982, but owing to an estimated 22% up- 
grading, increased from the equivalent of 
8% to over 9% of the contained lead in total 
mine production. 

Production at The Broken Hill Associated 
Smelters Pty. Ltd. (BHAS), Australia’s only 
producer of primary refined lead, decreased 
in 1988 because of a breakdown at the Port 
Pirie complex in the last quarter. Conse- 
quently, refined metal production and ex- 
ports decreased about 10%, but with over 
180,000 tons of refined metal exported, Aus- 
tralia continued to be the world’s leading 
lead metal exporter. 

Significant lead-zinc-silver mineralization 
was delineated at Conjuboy in northwest 
Queensland and at the Hellyer Prospect 
just north of the Que River Mine in western 
Tasmania. Drilling at the Currawong Pros- 
pect, Benambra, Victoria, continued along 
strike. Following extensive exploration and 
development in 1982, a full feasibility study 
began in 1983 to evaluate the economic 
viability of the zinc-lead-copper deposit at 
Thalanga, Queensland. The project is a joint 
venture between Peñarroya of France, EZ 
Industries, and The Broken Hill Pty. Co. 
Ltd. with production slated after 1986. Pos- 
sible startup of production in 1984 was an- 
nounced by the consortium for the Wood- 
cutters zinc-lead-silver prospect near Dar- 
win, in the Northern Territory. At Plenty 
River Mining Pty. Ltd.’s Attutra open pit 
mine, in the Jervois Range, Northern Terri- 
tory, the 250,000-ton-per-year mill remained 
closed during 1983 as the mine continued to 
stockpile ore. 

BHAS developed a chloride leaching proc- 
ess for copper-lead sulfide mattes at its Port 
Pirie, South Australia, lead smelter-re- 
finery, and in midyear, Mount Isa Mines 
Ltd. (MIM) and the Commonwealth Scien- 
tific and Industrial Research Organization 
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(CSIRO) signed a licensing agreement for 
the commercial application of CSIRO’s di- 
rect smelting process (Sirosmelt), to be 
known as Isasmelt. 

Canada.—The decline in lead mine pro- 
duction was attributed to the continued 
suspension of operations at Cyprus Anvil 
Mining Corp.’s Faro Mine in the Yukon; 
Heath Steele Mines Ltd. and Asarco’s sus- 
pension of operations in May at the Little 
River Mine joint venture, Newcastle, New 
Brunswick; and the shutdown from January 
2 to June 15 of Cominco Ltd.’s subsidiary 
Pine Point Mines Ltd.’s mine in the North- 
west Territories. There was no production 
from the copper-lead-zinc MacLean Mine at 
Buchans, Newfoundland (Abitibi-Price Inc., 
51%, and Asarco, 49%) during the first half 
of 1983, but it reopened in June after an 18- 
month shutdown. An 8-day strike at Comin- 
co Ltd.’s Sullivan Mine and mill in British 
Columbia ended when employees represent- 
ed by the United Steelworkers of America 
approved a 2-year contract retroactive to 
May 1. | 

Westmin Resources Ltd. continued to 
work toward a 1984 startup for its new mill 
to process ore from its new HW Mine and 
the Myra Creek and Lynx Mines at Buttle 
Lake, British Columbia. A 760-meter-deep 
shaft at the HW Mine was completed in the 
second quarter of 1983, and an extension to 
the Lynx Mine ore body was discovered. In 
May, Cyprus Anvil began a 2-year overbur- 
den stripping program at its Faro Mine. In 
September, an agreement was reached be- 
tween the Yukon Territorial government 
and Cyprus Anvil's parent, Dome Petrole- 
um Ltd., on financial assistance from exist- 
ing Federal programs in the Territory. 

Cominco Ltd.'s smelter-refinery at Trail, 
British Columbia, represented about 36% of 
total Canadian lead refinery capacity, in- 
cluding secondary, but accounted for 50% of 
total refinery production. | 

Greece.—The Government announced 
plans to reopen in 1984 the Laurium lead 
smelter and refinery at Attica, which closed 
in early 1982. The plant, formerly owned by 
Companie Francaise des Mines du Laurium 
S.A.F., a subsidiary of Peñarroya of France, 
was nationalized in 1982. The plant, origi- 
nally constructed in 1875, had a capacity of 
30,000 tons per year but was expected to 
undergo modernization and reopen at 
15,000 tons capacity. The expansion of the 
Olympias Mine in northern Greece contin- 
ued in 1988 and was expected to be on- 
stream in 1984. The mine was one of three 
of the Kassandra Mines Group in the east- 
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ern Chalkidiki area and would expand pro- 
duction of the group, owned by Hellenic 
Chemical Products and Fertilizers Co., from 
20,000 to 40,000 tons per year of contained 
lead. Eventually, this group was to become 
the prime feedstock for a planned new 
40,000-ton-per-year, Government-owned 
smelter-refinery to be built at nearby Am- 
phipolis on the Strymon River Estuary. 

India.—Hindustan Zinc Ltd. (HZL) began 
production at mines in Rajpura-Dariba, Ra- 
jasthan, capacity of 10,000 tons per year 
contained lead, and Sargipalli, Orissa, ca- 
pacity of 6,000 tons per year contained lead. 
HZL was expected to increase capacity at 
its Vishakhapatnam smelter in Andhra 
Pradesh to 34,000 tons per year from the 
present 22,000 tons per year by 1987 to 
accommodate the additional production. Re- 
fined lead production in 1983 was almost 
evenly split between HZL’s plants at Tun- 
doo in Bihar, 8,000 tons per year capacity, 
and Vishakhapatnam. HZL’s announced 
long-range plans called for building a new 
35,000-ton-per-year smelter in Chittorgarh 
based on the recently established Rampura- 
Agucha zinc-lead deposits in Rajasthan, 
with open pit ore reserves of 61 million tons; 
however, the Government deferred this 
project beyond 1987. 

Iran.—The Government announced the 
construction of a new secondary lead plant, 
capacity of 15,000 tons per year, to be op- 
erational in 1984 at Sorbabad near Tehran. 
During 1983, the National Iranian Lead and 
Zinc Co. proceeded with preliminary inves- 
tigations leading to a possible 1987 startup 
of the country’s first primary lead and zinc 
smelter-refinery. The proposed plant, at 
Zanjan, in northern Iran, is in the same 
area as Iran’s largest lead-zinc mine at 
Angouran, and would have a lead capacity 
of 40,000 tons per year. 
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Ireland.—Bula Ltd. received Government 
permission after 6 years of negotiation to 
bring its new zinc-lead mine at Navan, 
County Meath, into production in 1985. The 
mine, near the existing operations of Tara 
Mines Ltd., was expected to have a capacity 
of 15,000 tons per year of lead in concen- 
trates. 

Italy.—During 1983, the state-owned non- 
ferrous metals producer, Societa per Azioni 
Minero-Metallurgiche (SAMIM), was in- 
volved in numerous projects in the lead 
industry. A new mine and expansion of an 
old mine, with an additional 13,000 tons per 
year lead capacity, were under development 
at Monteponi, Sardinia, for startup in 1986. 
A new mine was opened in Tuscany, and 
planning for a new 20,000-ton-per-year sec- 
ondary smelter at San Gavino, Sardinia, 
continued. SAMIM also awarded design and 
construction contracts for its new 84,000- 
ton-per-year Kivcet primary lead smelter at 
Porto Vesme, Sardinia, expected to start up 
in 1986 and be fully operational by 1987. 
SAMIM currently operates a 32,000-ton-per- 
year Imperial Smelting Furnace plant at 
Porto Vesme, built in 1972. A new electro- 
lytic refinery of 80,000 tons per year capaci- 
ty, to replace the existing plant built in 
1932, was also expected to be operational by 
1987, at San Gavino. 

Morocco.—Société des  Fonderies de 
Plomb de Zellidja planned to expand the 
capacity of its smelter-refinery at Oued el 
Heimer by 35,000 tons per year to 100,000 
tons per year by the end of 1984 to accom- 
modate expected increased domestic mine 
production. The Government mining agen- 
cy, Bureau de Recherches et de Participa- 
tions Miniéres, apparently abandoned plans 
to build a smelter-refinery in the Meknes 
area. 


TECHNOLOGY 


Research in hydrometallurgical technolo- 
gy by the Bureau of Mines, in cooperation 
with the four U.S. primary lead producers, 
resulted in the development of a technically 
feasible experimental process to produce 
99.999% lead, at about 98% recovery, 
from typical southeast Missouri concen- 
trates. The process involved ferric chloride 
leaching of galena to produce lead chloride, 
followed by molten-salt electrolysis to yield 
lead metal plus chlorine, which was used to 
regenerate the leaching solution. Problems 


related to impurity buildup, essentially cop- 
per and silver, were investigated. Testing 
was performed over 28 months in an experi- 
mental unit with a capacity of 500 pounds of 
lead metal per day, and air-lead levels and 
blood-lead levels of operating personnel 
were monitored. Commercial viability, how- 
ever, could not be determined at that scale.‘ 

Scale-up of a previously developed bench- 
scale electrolytic method for recovery of 
lead from scrap batteries from 1- to 2-liter 
cells to 20-liter cells was reported by the 
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Bureau of Mines. The objective of the scale- 
up was to identify possible problems with 
impurity buildup in the electrolyte, genera- 
tion of wastes, lead levels in the workplace, 
and worker health hazards. The metallic 
fraction of crushed batteries was melted 
and cast as anodes for electrorefining in 
waste fluosilicic acid electrolyte. Cathode 
deposits assaying 99.99% lead were obtain- 
ed. The sludge fraction of the batteries was 
leached with ammonium carbonate and am- 
monium bisulfite to convert the lead sulfate 
and lead dioxide into lead carbonate, which 
is acid soluble, and then filtered. Leaching 
-of the carbonate sludge with the spent 
electrolyte produced 99.995% to 99.999% 
lead by electrowinning using lead dioxide- 
coated titanium anodes and pure lead cath- 
odes. The repeatedly recycled electrolyte 
exhibited no impurity buildup, and emis- 
sions of lead in air were less than 10 micro- 
grams per cubic meter.’ 

A significant commercial technologic de- 
velopment in the United States was the 
introduction to the marketplace of the first 
truly maintenance-free automotive lead- 
acid storage battery by Chloride Inc. The 
new battery operates on the “starved 
electrolyte-gas recombination" principal 
utilizing highly absorptive microporous 
spun-glass separators and produces no hy- 
drogen in operation. The oxygen produced 
passes directly from the positive plates to 
the negative plates through the separators 
where it is recombined back into water in 
the electrolyte. The quantity of the water in 
the electrolyte, none of which is present as 
free acid, remains constant. This reportedly 
means less weight, no spillage, no damage if 
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tipped or overturned, and no terminal cor- 
rosion, because all of the sulfuric acid is 
stored in the separators at optimum absorp- 
tion. The battery is manufactured in a 
single size, which reportedly fits 92% of all 
cars on the road in the United States today. 
The concept was test marketed in Australia 
in 1981 and the Republic of South Africa in 
1982 after 3 years of field trials and refine- 
ments. The cushioning effect of the com- 
pressed separator units reportedly made the 
battery especially resistant to malfunction 
caused by vibration in heavy-duty use. Chlo- 
ride Inc. introduced a recombination princi- 
pal miner’s cap lamp in the Republic of 
South Africa in 1981.6 

A comprehensive coverage of lead-related 
investigations and an extensive review of 
current world literature on the extraction 
and uses of lead and its prcducts were 
published in quarterly issues of Lead Ab- 
stracts, Lead Development Association, 
London, United Kingdom. A program re- 
port of the 1983 projects supported by the 
International Lead and Zinc Research Or- 
ganization Inc. (New York) was published in 
Lead Research Digest (No. 40, 1984). 


Physical scientist, Division of Nonferrous Metals. 

2International Lead and Zinc Study Group (London). 
Lead and Zinc Statistics. Monthly Bull., v. 24, No. 7, July 
1983, pp. 16-18. 

SWork cited in footnote 2. 

“Wong, M. M, R. G. naak: C. H. Elges, and D. C. 
Fleck. Integrated Operation of Ferric Chloride Leaching, 
Molten-Salt Electrolysis Process for Production of Lead. 
SEH x 8770, 1983, 21 pp. 

, E. R. Cole, Jr., and D. L. Paulson. Electro- 

En i Method for Recovery of Lead From Scrap Batteries. 

le-Up Study Using 20-Liter Multielectrode Cell. Bu- 
Mines RI 8857, 1984, 20 pp. 

®Batteries Today. Chloride’s Torque Starter Battery. 
V. 3, No. 3, Summer 1983, pp. 20-23. 


Table 3.—Mine production of recoverable lead in the United States, by State 


(Metric tons) 
State 1979 1980 1981 1982 1983 

Alaska Ne a 31 W W 
Arizona. |. 2222222222222 354 162 993 359 144 
California ———-—— e W W W 
Colorado -—----------------—-— 7,554 10,272 11,431 W 
TEE 42,636 38,607 38,397 W 25,126 
RTE EE W W W 
Missouri ____________________/~_ 472,054 497,170 389,721 474,460 409,280 
Montana == 20h nea 25 194 ; 
Nevada. LL 24 26 W W 14 
New Mexico -——-------------—-—- W W 258 
New York EH 458 876 968 71,065 1,299 
010 alumen Erde de (1) e W _ W 
Tennessee ___________~____ (1) E M m M" 
EN AAA A G W W 1,662 W MN 
VIVIA esa ro ee ena 1,596 1,563 1,607 E Eo 
Washington -----------------—- (1) W me ENS 
Wisconsin ____________________ W ERE pe: "s p 

kd WEEN 525,569 550,366 445,535 1512,516 449,038 


"Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” 


lLess than 1/2 unit. 
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Table 4.—Production of lead and zinc, in terms of recoverable metal, in the United States 
in 1983, by State 


(Metric tons unless otherwise specified) 


. Lead ore Zinc ore Lead-zinc ore 
State Gross Gross Gross 
SH t Lead Zinc Bet Lead Zinc Ke Lead Zinc 
basis) basis) basis) 
Alaska____________ ee TN e es e S E c m 
Arizona ___________ SEE EN TN EN dos Me SE mum ee 
California... T Sg Ee MS Eum "t Se — "M 
Colorado. . ....... "e 2 TS E Ee Së W W W 
Idaho. -_-_--_--_._.-___ 1 1 ove EE Sen ES De e E 
Illinois_ _--_---_--_ = T AM on "e ake ire = EN 
Kentucky __________ d ack ae W s W oe EN E 
Missouri _--—------- 7,303,066 409,280 57,044 eet ES -— E zc M 
Montana. ----__._._.__ mer) Gas GES Sage c Sse Gg -— "n 
Nevada te er e Ez EN if Gët ces me WEN s Da 
New Jersey _________ SH — = 87,761 -- 16,475 2a " TN 
New Mexico- ` m as ee Sé p e — PN M 
New York... - M E zc 683,150 1,299 56,748 zc me ER 
Oregon------------ Sá i M a s ein S Greg shee 
Pennsylvania- ------- Ai TR ENS 338,531 -- 16,792 UR E ave 
ennessee__________ Be ore =< 4,019,432 _. 108,352 at ata ae 
Total... 7,303,067 409,281 57,044 15,128,874 1,299 !198,367 (2) (2) (?) 
Percent of total 
lead orzinc —_-_—- XX 91 21 XX (3) 72 XX (2) (2) 
Copper-lead, copper-zinc, 4 | 
copper-lead-zinc ores All other sources | Total 
Gross Gross Gross 
rig Lead Zinc der Lead Zinc od Lead Zinc 
basis) basis) basis) 
Alaska __-___-______ Be Ste ZE? W W uk W W M 
Arizona ____~_______ d iius e 7,264,776 144 __ 7,264,176 144 d 
California -_-_____-.--_ Pas €— NY Ww W Bec W W s 
Colorado... .... EM NE mus W W W W W W 
Idaho_____________ "T EN BS 601,597 25,725 W 601,598 25,726 W 
Ilinoiss. . . . . m NN mE (5) W W | (9) W W 
Kentucky ---------- BE m SE = E Ja W E W 
Missouri- — ES p E q St _. 7,303,066 409,280 57,044 
Montana -__--_-_--.--- Se De WE 9,473,890 1,163 _. 9,473,890 1,163 EM 
Nevada ` Lu "T ER 7,014 14 ms 3 14 a 
New Jersey _________ SEN ies SEN SE as ee 87,761 ae 16,475 
New Mexico... ESA ae P 89,581 258 ut 89,581 258 v 
New York ______:_--_ M ae Ste ses ae "- 683,150 1,299 56,748 
Oregon_ - ---------- um x SE W W ao W as 
Pennsylvania- ------- ee ER? sd nes TS ut 338,531 NOR 16,792 
Tennessee |... 1,822,210 -- 1,605 Se? SE __ 5,841,702 __ $109,958 
Total----------- 1,822,270 _. 1,605 17,948,423 38,458 18,277 32,202,634 449,038 €275,294 
Percent of total 
lead or zinc_____-_ XX zu 1 XX 9 7 XX 100 100 


W Withheld to avoid disclosing company proprietary data; included in "Total." XX Not applicable. 

1Zinc ore and zinc recovered from zinc ore in Kentucky included with “All other sources" to avoid disclosing company 
proprietary data. 

?Included with “All other sources" to avoid disclosing company proprietary data. 

3Less than 1/2 unit. 

“Includes zinc recovered from zinc ore in Kentucky and lead and zinc recovered from lead-zinc ore in Colorado in order 
to avoid disclosing company proprietary data. Also includes lead and zinc recovered from copper, gold, silver, and 
fluorspar ores and from mill tailings and miscellaneous cleanups. 

SExcludes tonnages of fluorspar from which lead and zinc were recovered as byproducts. 

9Data do not add to total shown because of independent rounding. 


LEAD 


543 


Table 5.—Mine production of recoverable lead in the United States, by month 


(Metric tons) 


1982" 1983 
40,261 44,897 
43,214 39,575 
48,374 37,313 
44,056 36,728 
41,814 35,879 
42,351 28,367 
36,782 35,211 
42,654 43,242 
41,440 37,362 
44,663 37,125 
41,816 38,332 
45,091 34,947 

512,516 449,038 


Table 6.—Twenty-five leading lead-producing mines in the United States in 1983, 
in order of output 


County and State 


Iron, MO . 


Reynolds, MO 


Iron, MO _ 


Reynolds, MO 


Shoshone, ID______ 


Iron, MO . 


St. Lawrence, NY ___ 


Mineral, CO 


Hardin and Pope, IL . _ 


Silver Bow, M 


Lake, CO _ 


St. Lawrence, NY __ _ 


Pinal, AZ ` 


Shoshone, ID ______ 


Jefferson, MT 


St. Lawrence, NY ___ 


Operator 


AMAX Lead Co. of Missouri _ _ `` 


Cominco American Incorporated _ 
Co 


St. Joe Lead 


Ozark Lead 


ASARCO Incor 


rated 


Standard Metals Corp 


St. Joe Lead Co 


ASARCO Incorporated 


Black Pine Mining Co 


Clayton Silver Mines _ 
St. Cloud Mining Co - 


Ozark-Mahoning Co 


The Anaconda Company . _ _ _ — 


Hecla Mining Co 
St. Joe Resources Co 
McFarland & Hullinger 


Sunshine Mining Co . 
Concorde Mines Ltd 


Source of lead 


Lead ore. 


SS SS 


Silver ore. 
Lead ore. 


Lead-zinc ore. 


Gold ore. 
Lead ore. 
Zinc ore. 
Silver ore. 
Do. 
Do. 
Do. 
Do. 
Fluorspar. 
Copper ore. 


Silver ore. 

Zinc ore. 

Gold-silver 
tailings. 

Silver ore. 

Gold-silver 
ore. 

Zinc ore. 


Table 7.—Refined lead produced at primary refineries in the United States, 
by source material 


(Metric tons unless otherwise specified) 


Source material 


. Rank Mine 
1 Buick `, 
2 Fletcher_________ 
3 Magmont _______~_ 
4 Viburnum No. 29 __ _ 
5 Viburnum No. 28 ___ 
6 Brushy Creek... 
7 Lucky Friday |... 
8 Milliken________ _ 
9 Leadville unit ____ _ 
10 Sunnyside. |... .. 
11 Viburnum No. 35 ___ 
12 Balmat__________ 
13 Bulldog Mountain _ _ _ 
14 Troy unit ________ 
15 Black Pine ` 
16 Clayton _________ 
17 St. Cloud. ________ 
18 Rosiclare ______--_ 
19 Berkeley Pit ` ` 
20 Sherman Tunnel 
(Leadville unit) _ _ _ 
21 Hyatt cota 
22 TIEOP ers 
23 Sunshine ________ 
24 Comet |... 
25 Pierrepont _______ 
Refined lead: 


From primary sources: 


mestic ores and base bullion 
Foreign ores and base bullion 


Calculated value of primary refined lead! 


Total 


Grand total 


1979 


029,970 
45,641 


915,611 
2,862 


578,473 
$668,004 


1980 


508,163 
39,427 


547,590 
2,117 


549,707 
$512,590 


1981 


440,238 
95,085 


495,323 
5 


, 


497,068 
$398,908 


1982 


459,865 


512,817 
$288,377 


514,555 
|. 648 


' Value based on average quoted price and excludes value of refined lead produced from scrap at primary refineries. 


1983 


459,328 
52,295 55,227 


512,160 
657 


515,203 
$245,938 
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Table 8.—Antimonial lead produced at primary lead refineries in the United States 


awe Lead content by difference 
. ouo Antimony content (metric tons) 
ear (metric From From 
tons) MEC -© Percent SE foreign diss Total 
rp ERES 3,402 211 8.0 2,491 105 535 8,181 
1980 A eco 81 27 3.1 711 140 3 54 
OB eat old 3,557 503 14.1 1,989 1,019 46 3,054 
1982 a o oia W W W 1,895 2,727 34 4,656 
1983 — nn nuns W W W W W 


W Withheld to avoid disclosing company proprietary data. 


Table 9.—Stocks and consumption of new and old lead scrap in the United States in 1983, 
by type of scrap 


(Metric tons, gross weight) 


"o Consumption — 
Type of scrap Jan l Receipts New Old Total Dec. 31 
scrap scrap 
Smelters, refiners, others: 

Soft lead! ces 1,554 21,238 M 27,315 27,315 1,477 

Hard lead. ooo o 1,146 20,379 EE 19,521 19,521 : 
Cable lead __ ______________- 2,767 3,636 e 4,479 4,479 1,924 
Battery-lead plates ____________ 27,874 578,965 DR 564,428 564,428 42,411 
Mixed common babbitt__________ 135 2,725 EUER 2,130 2,730 30 
Solder and tinny lead- - --------- 233 17,356 = 16,592 16,592 997 
Type metals ________________ 1,230 4,693 —- 5,932 5,332 591 
Drosses and residues |... 11,700 63,965 69,959 e 69,959 5,706 
Total mue eA oe SE 46,639 118,957 69,959 640,397 710,356 55,240 


1Includes remelt lead from cable sheathing plus other soft lead scrap processing. 


Table 10.—Secondary metal recovered! from lead and tin scrap in the United States 


in 1983 
(Metric tons) 
Lead Tin Antimony Other Total 

Refined pig lead- - - -------------- 177,813 S a Se 177,813 
Remelt lead ------__-_-- 11,789 EES "ES e 11,789 
(lal M —Á——M 189,602 zu e Gs 189,602 
Refined pig tin ______________.-- BE 1,171 ae ET 1,171 
Remelt ticos DS 10 YN ës 10 
Total ni sr o is xc 1,181 D a 1,181 

Lead and tin alloys: 
Antimonial lead `. 271,638 803 11,488 955 284,884 
Common babbitt -____________-_ 3,150 151 415 19 3,735 
Genuine babbitt || Se 34 2 < 36 
dep hig we ree ees 17,812 3,072 317 1 21,208 
Type metals. ae ee 4,750 172 634 11 5,567 
Cable lead . co 840 = 15 moe 855 
Miscellaneous alloys -- 902 94 15 l 1,012 
Otal. ans ee eet 299,092 4,326 12,886 993 317,297 
Tin content of chemical products `... epe 182 oan, - 182 
Grand total._____________- "488,94 ` 5689 12886 ` 993 508262 


! Most of the figures herein represent actual reported recovery of metal from scrap. 
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Table 11.—Secondary lead recovered in the United States 
(Metric tons unless otherwise specified) 


1979 1980 1981 1982 1983 
As metal: 
At primary plants. ooo o 2,862 2,117 1,745 657 648 
At other plants ____________________________ 349,359 313,061 280,409 239,819 188,954 
AA enc nS A es 352,221 315,178 282,154 240,476 189,602 
In antimonial lead: 
At primary plants- - - - -- cem uec ee Ai 535 3 46 — 
At other plants --—-------------------—---—-—- 378,295 306,683 304,330 284,333 271,638 
fo) | WEE 378,830 306,686 304,376 284,367 271,638 
In other alloys ooo 70,317 53,714 54,575 46,433 42,261 
Grand total: 
Quantity - -- ----------------—------—- 801,868 675,578 641,105 571,276 503,501 
Value? L2 ira is thousands__ $930,019 $632,397 $516,313 $321,663 $240,655 


1Value based on average quoted price of common lead. 


Table 12.—Lead recovered from scrap processed in the United States, by kind of scrap 
and form of recovery 


(Metric tons) 


* 


KIND OF SCRAP 
New scrap: 


Lead- basne dos xs oru te rM ri E M uM LI Ee et 


Old scrap: 


Battery-lead plates: - ua A Iur 
All other lead-base ______________________ o ooo oo ooo 


Copper-base 


As soft lead: 
At prima 


Sl AAA A A AA 


Atother plante. =p ts ete is Si iia 


In antimonial lead? |... . o ooo ooo ooo 
In other lead alloys <a el E ee EL ect ee 
In copper-base alloys .——— a geen a eee 
In tin-base alloys MANET ss a is as ti 


1982 


46,449 
041 


14 
50,004 


437,197 
11,524 
1 


521,272 
571,276 


657 
239,819 


240,476 
284,367 


30,741 
e 


330,800 
911,276 


1983 


48,534 
2,981 
8 


51,523 


371,540 
69,469 
10,969 


451,978 
503,501 


313,899 
503,501 


1Includes 34 metric tons of lead recovered in antimonial lead from secondary sources at primary plants in 1982 and 


none in 1983. 
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Table 13.—Lead consumption in the United States, by product 


(Metric tons) 
Product 1982 
Metal products: 
Ammunition: Shot and bullets... ____ 44,237 
Bearing metals: 
Machinery except electrical rne uta SR. 1,216 
Electrical and electronic equipment .. 96 
Motor vehicles and equipment___ _______________- 2,020 
Other transportation equipment ----------------- 2,801 
Total bearing metals______________________ 6,133 
Brass and bronze: Billets and ingots. ________________ 11,352 
Cable covering: Power and communication ____________ 15,181 
Calking lead: Building construction... - - - - --------——- 4,056 
Casting metals: 
Electrical machinery and equipment_______________ 802 
Motor vehicles and equipment__________________- 657 
Other transportation and equipment_______________ 23,603 
Nuclear radiation shielding ` - ---------------—-- (1) 
Total casting metals ___________________--_- 25,062 
Pipes, traps, other extruded products: 
uilding construction _______~_____________ 2c ac 8,255 
Storage tanks, process vessels, etc... _____________~— 424 
Total pipes, traps, other extruded products _______~_ 8,679 
Sheet lead: 
Building construction... - -- -------------—--——- 9,989 
Storage tanks, process vessels, etc- - - -- - - - -- --- ---— 125 
Medical radiation shielding ——------------------ 5,045 
Total sheet lead - —---—-----------------——- 15,159 
Solder: 
Building construction... ----------------—-—— 6,740 
Metal cans and shipping containers |... 1,459 
Electronic carl palpate and accessories_ — — — — - - - - -—---— 5,967 
Other electrical machinery and equipment |... 2,702 
Motor vehicles and equipment... - ------ -----—-—--— 5,632 
Total BoldeP > - co co eene 28,500 
Storage batteries: 
Storage battery grids, post, etc. - - - - - - - - --------—-— 312,582 
Storage battery oxides... Scc 391,741 
Total storage batteries. _____________-______ 704,323 
Terne metal: Motor vehicles and SE EE : 
Type metal: Printing and allied industries... - ----- 2,166 
Other metal products?_________________________ 7,094 
Total metal products. ___________________-- 875,830 
Pigments 
BEN Zeen fe ae gc ee 13,375 
Glass and ceramic products - - - - - ---------------—— 34,526 
Other pigments? === ==. slats 12,965 
Total pieneni E E 60,866 
Chemicals: Petroleum refining --—-----------------—- 119,234 
Miscellaneous uses ______§_____________~__~------_- 19,478 
Grand total cuca sti ee Se ee 1,075,408 


1983 


43,697 


12,771 
245 


13,016 


424,563 


968,959 


15,441 
39,671 
13,582 


68,694 
89,118 
21,716 


1,148,487 


` 1Included with “Other transportation and equipment” to avoid disclosing company proprietary data. 


2Includes lead consumed in foil, collapsible tubes, annealing, galvanizing, plating, and fishing weights. 


3Includes color, lead content of leaded zinc oxide, and other pigments. 
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Table 14.—Lead consumption in the United States, by month! 


(Metric tons) 
Month 1982 . 1983 

January Ee REED P ERE NOR EE a Ne eae 98,691 91,521 
February Uu imo tat su eg ce i c E ctu ai ey ON 87,923 13,950 
March: ts o o eL Us T o ue cuu DIU SU o er DE Dd e ER ee 97,168 83,139 
NRBEM nne Men I unc e e e LM UI de a tM STRE 94,522 85,852 
HV noc a a a dl e Eek hea eas eae Mig AL EE 84,678 83,778 
Ëer ry Lee i dí 88,432 96,251 
dE 72,418 79,266 
PRN MESE" 96,674 102,620 
o AA AAA A 88,321 115,663 
is AA RE 98,252 112,266 
o EE EE 81,539 102,747 
December o ml ceto meu EEN 86,790 121,434 
A EE 1,075,408 1,148,487 


! Monthly totals include monthly reported consumption plus the monthly distribution for companies that report on an 
annual basis only. 
"Includes lead that went directly from scrap to fabricated products and lead contained in leaded zinc oxide. 


Table 15.—Lead consumption! in the United States in 1983, by State 


(Metric tons) 


Lead in Lead in 
State rue antimonial pes E copper- Total 
lead y base scrap 

California _____________________ 51,427 36,408 5,571 363 93,769 
Colorado AAA 536 153 19 a 708 
Connecticut __________________-__ 8,849 9,631 ave 458 18,938 
District of Columbia _______________ 15 EPIN ae) Se? 15 
Florida tia a a cte 12,167 9,052 1,766 SE 22,985 
E ae a es Se 29,227 7,140 4,026 ae 40,393 
Illinois -——----------------——— 21,485 31,806 5,456 1,075 59,822 
E omoes Ese 171,218 26,973 8,989 636 213,876 
Lé TEEN 10,378 7,471 3,298 dee 21,147 
Kentucky. -------------------—- 7,251 11,046 3,847 PES 22,144 
Maryland 2 oo Seene Sen 89 472 EE 4 565 
Massachusetts___________________ 1,169 160 86 181 1,596 
Michigan - - ----------—-----———- 9,175 10,561 352 t 20,088 
Missouri ________________~______ 11,864 11,213 445 34 23,556 
Nebraska______________________ 81 5 1,053 279 1,418 
New Jersey ___________~_______~_ 64,329 1,272 3,707 412 69,720 
New York ———----------------—-—- 14,471 3,648 4,047 187 22,353 
OIG eeaeee Fe cb tr 9,023 9,908 3,640 264 22,835 
Pennsylvania -----------------—- 99,319 53,948 15,983 1,755 171,005 
RhodeIsland .. ..  .........-..- 2,590 21 9 ee 2,620 
Tennessee _____________________ 767 1,265 957 146 3,135 
Virginia and West Virginia___________ 616 381 944 res 1,941 
Washington _______________-_-_- 5,008 185 ee mS 5,193 
Wisconsin _____________________ 655 6,742 16 36 7,449 
Alabama and Mississippi `... 5,981 2,751 1,363 1,495 11,590 
Arkansas and Oklahoma ____________ 2,876 1,392 2 "E 4,268 
Hawaii and Oregon - - - --- ---------—- 8,633 8,443 397 SEN 17,473 
Iowa and Minnesota _______________ 14,903 9,863 7,274 EM 32,040 
Louisiana and Texas ______________ _ 115,047 25,033 3,148 mM 143,228 
Montana and Idaho. _______________ 220 ES x eee 220 
New Hampshire, Maine, Vermont, Delaware 10,043 13,513 m 18 23,574 
North Carolina and South Carolina _ __ _ _ — 39,067 25,454 2,941 fcr 61,462 
Utah, Nevada, Arizona ____________~_ T" m 1,361 =e 1,361 

Total! outre esee 134,539 325,910 80,695 7,343 1,148,487 


1Includes lead that went directly from scrap to fabricated products and lead contained in leaded zinc oxide. 
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Table 16.—Lead consumption in the United States in 1983, by class of product 


(Metric tons) 
Lead in . Lead in 
Refined . Lead in 
Class of product antimonial copper- Total 
soft lead lead alloys base scrap 
Metal products ___________________ 79,642 48,134 26,941 7,343 162,060 
Storage batteries. _________________ 481,100 275,581 50,218 du 806,899 
Pigments -——-------------------- 68,693 im 1 d 68,694 
Chemicals 2.2 ctas 89,118 eiut NE M 89,118 
Miscellaneous __________________~- 15,986 2,195 3,535 SE 21,716 
Toal a 734,539 325,910 80,695 7,343 11,148,487 


1Includes lead that went directly from scrap to fabricated products and lead contained in leaded zinc oxide. 


Table 17.—Production and shipments of lead pigments! and oxides in the United States 


1982 1983 
I duci : ~ Shipments ducio n - Shipments 

metric etric 2 metric etric 2 

iona) tóns Value tons) tons Value 
White lead______________________ 1,331 1,186 $1,624,947 1,051 1,129 $1,407,994 
Red lead - -—--—-----------------—- 13,324 13,669 11,084,454 15,042 15,015 11,829,368 
Litharge - - -------------------—- 52,112 51,402 45,724,111 79,139 78,719 58,398,026 
Leadyoxide. - --- -------------—- 413,139 Ge Ge 458,541 "e n 


!'Excludes basic lead sulfate; withheld to avoid disclosing company proprietary data. 
2At plant, exclusive of container. 


Table 18.—Lead content of lead pigments! 
and oxides produced by domestic 


manufacturers 
(Metric tons) 
Lead in pigments 
Product from pig lead 

1982 1983 

White lead ________________ 1,174 841 
lead AAA AAA 12,125 13,688 
LithBrge- cis eg 48,465 73,599 
Leady ode - - ------------—— 390,493 424,319 
Total EE 452,257 512,447 


lExcludes basic lead sulfate; withheld to avoid disclosing 
company proprietary data. 


Table 19.—Distribution of red lead shipments in the United States, by industry 


(Metric tons) 
Industry 1979 1980 1981 1982 1983 
Pants Ds EER EE ARIA LLL ee en E 5,300 3,241 3,172 2,395 2,542 
COP EE _. 2,597 2,307 W W 
Storage batteries - - - - -- - -----------------------—-—---—— W 6,068 7,573 W W 
Other AE A EE 12,846 995 2,025 11,274 12,478 
OU WEE 18,146 12,901 .15,077 13,669 15,015 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
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Table 20.—Distribution of litharge shipments in the United States, by industry 


(Metric tons) 
Industry 1979 1980 1981 1982 1983 
Ceramics -—------------------—-—— 37,620 36,560 34,732 . 30,980 37,143 
Chrome pigments 2 uai 3 3,015 4,247 6,591 . 6,214 
RI UE W 170 221 W W 
PAI to Ee oe Er Ee 3,038 ` 3,362 3,765 3,052 3,256 
AT Ses te I de E E 1,520 943 1,107 787 933 
A AR AA 58,792 784 3,063 10,267 11,394 


AAA ey A eR E 100,970 44,834 47,141 51,677 58,940 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


Table 21.—U.S. imports for consumption of lead pigments and compounds, by kind 


1982 1983 
Kind Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 
White lead ___________________ 83 $174 332 $300 
Red lead- -----------------——- 686 466 843 461 
Lithargé- ace tes a iia 9,931 5,695 11,528 5,149 
Chrome yellow- 2.2.2 --- 1,255 2,610 1,754 3,275 
Other lead pigments ____________~- 94 413 215 1,059 
Other lead compounds ___________~_ 855 1,255 995 1,200 
Totals 23 oe So ete EE 12,904 10,613 15,667 11,444 


Table 22.—Stocks of lead at primary smelters and refineries in the United States, 
December 31 


(Metric tons) 
Stocks 1979 ) 1980 1981 1982 1983 
Refined soft lead _____________________ 45,448 54,728 78,836 73,455 58,267 
Lead in antimonial lead ________________ 646 122 666 W W 
Lead-base bullion ____________________ 5,683 5,398 4,872 4,252 5,557 
Lead in ore and matte_ _______________.__ 37,545 65,746 55,833 47,830 42,837 


Lt Se AE 89,322 125,994 140,207 125,537 106,661 


W Withheld to avoid disclosing company proprietary data. 


Table 23.—Stocks of lead at consumers and secondary smelters in the United States, 


December 31 
(Metric tons) 
Lead in ; Lead in 
Refined : : Lead in 
Year antimonial copper-base Total 

soft lead lead alloys Scrap 
Kr ve EE 95,655 . 49,188 7,346 1,006 153,195 
I9RÜ c ges ta E e es te ae 72,601 44,820 7,851 942 126,214 
A A O 69,636 46,194 6,523 863 123,216 


A A ES 51,036 40,118 5,346 709 97,209 
DISS. AA A A 57,881 37,159 5,085 646 100,771 
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Table 24.—Average monthly and annual quoted prices of lead! 


(Cents per pound) 
1982 1983 
Month US. London US. London 
producer ohare producer aech 
JANUSTY EE 29.67 29.37 22.03 21.54 
February eI xac hire ee 28.10 28.01 21.12 20.61 
March e hi ceu E ud 21.64 21.15 20.71 20.09 
AD. s A domine n E 26.06 26.05 21.17 20.74 
Eege ENEE 26.09 26.05 20.22 19.63 
Er. 24.76 23.59 19.41 18.49 
JU soe caet ee aaa Sah E inca de CA. 27.18 25.03 19.32 18.27 
August er sa ets E geen 25.82 23.70 19.46 18.04 
ptemb8r li mel iei a ts 25.32 23.35 21.69 18.84 
pola n t e EE 23.19 22.54 25.38 19.00 
November... ....... 2 2 22 c2 2222222 21.61 20.96 25.15 18.34 
December == a ee 20.47 20.30 24.46 18.23 
Average. ------------------------—— 25.54 24.66 21.68 19.27 


¡Metals Week. Quotations for United States on a nationwide, delivered basis. 


Table 25.—U.S. exports of lead, by country 


1982 1983 
Country Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 


Ore and concentrates (lead content): 
Belgium-Luxembourg - - - - - - -------------- 4,056 $948 


Brazil = ears pees Seen EE die PET he: 896 $202 
CC ace ah Ae 16,778 6,885 16,298 5,382 
Indit oa inei ue LAE EM E ,555 743 S ts 
Italy Lui Leica EE 245 60 SES 
Mexico. eege AAN 641 324 119 
ll EEN 3,71 1 1,122 2,699 1,810 
241 A A Se i Se. 118 "53 107 12 
Total 3 nen ee Set eee 29,104 10,135 20,119 7,502 
Unwrought lead and lead alloys (lead content) 
Australia Zeie a E 3 22 16 34 
Austria A a a 16 74 3 
Belgium-Luxembourg_ - - - ---------------- 17,403 11,370 4,581 3,487 
A Dee EEN E ied 292 64 
Ié TT, TEE 1,963 1,051 2,537 1,576 
Chile- o ae Ig eer E Po Y 6 12 E SE 
Colombia: 10 oi E EEN 24 82 1 1 
Dominican Republic... 2... 49 39 15 71 
¡AA A N N T A AES 1,136 1,172 194 351 
EE nt ee IS 3 1 8 12 
Germany, Federal Republic of- . .. . 292 112 42 44 
A o ol eoru UE LS res m Sëch 92 78 
Greece L -22222222 3,066 1,473 552 147 
¿AAA RI O e 27 46 47 
Honduras oi Ee ie ns pet a we 83 T1 10 10 
Iisrael e AA oun ni rs AO 18 17 xd. Se 
El excel ee ala on, quelo de ade eaten eg se 908 676 3 4 
Jamaica 2 a aa 54 56 21 29 
APAN em a ecu pu ue Le ea aa 99 280 64 259 
Korea, Republic of... 111 89 137 127 
Küwait PP" 45 NN SUM 
Nee o ml ne uen uere rU 125 211 252 342 
Netherlands ooo 21,980 18,530 8,227 3,414 
Netherlands Antilles ` Sei 18 
ANAME eege ee ye 40 110 4 8 
EE Re 2A 52 3 5 
Philippines A 172 152 62 43 
Saudi Arabia --------- o ooo 80 95 79 401 
SING A DONG nep a sas 43 39 42 54 
EE 21 22 an Sak 
Switzerland... 10 17 2 12 
KUTTEN 1,816 808 83 98 
Thailáñd nata a ih pcg ess no ee 20 265 13 9 
Trinidad and Tobago ___________________- 22 29 32 28 
United Kingdom _.._____________________ 208 481 130 137 
Venezuela. — ri ad ee ee 742 919 34 136 
90,1] aeter A 7104 "544 13 261 
Toti a a LUI a rax 50,989 38,949 17,684 11,804 


See footnotes at end of table. 


Wrought lead and lead alloys (lead content): 


Aust ralia 


Canada 


Honduras : 


Singapore 
S 


Scrap (gross weight): 


A 


entina 


pan 
Korea, Republic of 
Mexico 
Netherlands 
Philippines 


"Revised. 
1Less than 1/2 unit. 


South Africa, Republic of 


Country 


Table 26.—U.S. exports of lead 
(Lead content unless otherwise specified) 


Blocks, pigs, anodes, etc. 


Philipp ines LL LL LLL LL LLL LLL LLL LLL 
Saudi Arabia 


United Kingdom 
Venezuela 


UT Ee NA AAN 


Belgium-Luxembourg 
Brazi 
Canada 


AAA A ee tees EE 


meee we we ewe eee men zm ee ee me 
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Table 25.—U.S. exports of lead, by country —Continued 


551 


Unwrought 
an- 
tity bins 
metre sands 
14,484 $12,591 
47,250 35,917 
13,244 8,895 


Unwrought 
alloys 
Dire Value 
(metri (thou- 

san 
tons) 
2,320 $2,936 
3,139 3,032 
4,440 2,409 


1983 
antity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 
1 $7 11 $32 
186 51 (1) 5 
1,407 1,280 1,005 1,087 
3 7 25 42 
7 84 4 17 
120 1,002 32 297 
6 17 10 26 
30 145 2 6 
2 6 5 7 
96 88 70 128 
238 402 68 359 
1,421 4,985 1,059 4,253 
549 400 17 23 
5 14 6 10 
38 36 13 27 
269 420 86 280 
2 41 11 60 
147 472 43 148 
14 96 11 48 
12 29 180 584 
34 88 28 25 
153 1199 79 322 
4,640 9,869 2,765 7,786 
a cr 131 39 
657 247 347 400 
481 28 4,844 1,153 
18,343 4,658 15,708 3,472 
Ga u^. 2,899 324 
353 270 235 329 
Sg Se 101 95 
200 120 SS M 
2,124 1,342 1,517 622 
231 99 34 19 
194 162 376 57 
766 355 265 77 
3,754 877 4,277 972 
7,011 2,393 886 215 
437 440 492 526 
142 29 255 48 
8,298 2,796 "em ue 
91 52 1,992 395 
7,200 1,947 14,193 2,901 
PS BE 520 94 
m Ge 1,045 103 
769 1,344 785 1,217 
101 T95 16 21 
51,752 17,254 50,918 13,139 
136,485 76,207 91,486 39,731 
Wrought lead and 
lead alloys 
Scrap 
SE Foil, powder, (gross weight) 
forma flakes 
Quam — Value Quan- Value — Quam value 
tity (thou- tity (thou- tity (thou- 
(metric Se (metric sands) (metric Sandá) 
tons) tons) tons) 
5,966 $9,719 550 $750 59,419 $22,388 
4,078 9,056 562 813 51,752 , 
2,406 6,866 359 920 50,918 13,139 
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Table 27.—U.S. imports! of lead, by country 


(Lead content) 
1981 1982 1983 
Country Quantity Value Quantity Value Quantity Value 


(metric (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) 


Ore, flue dust, residues, n.s.p.f.: 


Argentina. old EE ee 3,932 $3,023 Serge NIS A "e 
Australia... ote er ne 2,160 1,228 7,694 $2,875 10,002 $2,865 
eh E, TEE 23,500 17,149 4,780 2,259 6,143 1,234 
Chile- — ont a a Ce eee Oe 2,084 1,719 one E GE es 
Colombia —— — ao ees E SE 122 64 105 32 dm SÉ 
Honduras 2222222222222 c 11,617 9271 8,611 4,850 8,663 3,945 
MEXICO: men ee ea 961 864 AN t 4 1 
Peri AAA A A 14,149 8,397 14,549 5,481 22,702 7,041 
CUO EES 20 14 2 1 2 1 
TOU EEN 58,545 41,729 35,807 15,498 47,516 15,087 
Base bullion: 
SI MAIS 59 58 19 25 28 12 
MEXICO: idees a A a E e as SE Ss Dat 25 10 
Pero oo E oer LAE Ee AL Le dA S 390 278 "e SEH ee Sg 
OthBE Lo mei A S S (2) 4 (2) 3 (2) 1 
Total 2 Se ii eee 449 340 19 28 53 23 
Pigs and bars: 
Argentina ecce aedem Ee Eu 300 220 Ee e o = 
Australia ori iia la in a e ds 10,893 8,023 7,256 3,786 10,883 3,825 
Belgium-Luxembourg _______________-__ 286 1,666 146 783 322 2,273 
Canadá. == tata Zeg So da cet Lt iaa 50,849 39,298 49,834 27,701 72,655 31,578 
Denmark. nose ts ls 354 341 449 351 nae NS 
Germany, Federal Republic of .. 1,433 8,899 927 5,836 1,022 7,020 
MEXICO: 2 ot ey ees 33,723 | 25,183 23,473 12,422 34,861 14,071 
Netherlands ____________~____~_~______ GE Ge Sab NEN 11 84 
Pérou cute UE cC P 2,907 2,146 8,296 3,816 10,096 8,526 
United Kingdom _________________--- 989 2,269 748 1,902 716 898 
Other A EE 186 499 T60 T125 166 171 
Total nan o EE 101,920 88,544 91,189 56,722 130,732 63,446 
Reclaimed scrap, etc.: 
Aüstrala oe a ee 2,605 1,611 3,992 1,301 2,272 347 
Bahamas ______________-___________ 83 12 237 - 8 90 6 
Barbados -_-----------------—-—-—-——— 22 5 Da s a T 
Canada our a E te eee 1,792 1,394 3,481 1,205 2,718 861 
Chilé nen eet os 87 28 18 4 SÉ Se 
Guatemala ___________ ~~~ ee Tl 29 dc cM 14 6 
ege eed ee ie oe 456 — 344 852 398 1,551 371 
Spain ers usa Ue a AM rA M EE 92 380 SEU HM ES SEX 
nited Kingdom -------------------- Eod EN S SEN 93 20 
0,4 ,7., AA 51 28 18 8 15 100 
Totál 5. Es erum ED Enc it ads 5,265 3,831 8,398 2,924 6,153 1,711 
Pigs and bars: | . 
London Metal Exchange (return of U.S. brands). — nds Ne ae _. 342,000 716,945 
. Grand total ooo ooo iio 166,179 184,444 135,413 75,172 227,054 97,212 
TRevised. 


! Data are “general imports"; that is, they include lead imported for immediate consumption plus material entering the 
country under bond. 


2Less than 1/2 unit. 
3Bureau of Mines estimate. 
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Table 28.—U.S. imports for consumption of lead, by country 


1981 1982 1983 
Country Quantity Value Quantity Value Quantity nee 
(metric (thou- (metric (thou- (metric (thou- 


tons) sands) tons) sands) tons) sands) 


Ore, flue dust, residues, n.s.p.f. (lead content): 


Argentina ----------------------—- 3,932 $3,023 ds e. es a= 
RT d TEEN 648 457 S EN awe ms 
TT, TEEN 1,913 1,353 29 $10 483 $112 
Che ss n e e e ay pe il ee Oe des 2,084 1,719 "C x ze d e 
Colombia ---_-__-___-_____.-_ ee PNE 122 64 106 32 dt n 
HOhdÜraB. .—— mmu te ee 11,617 9.271 8,677 4,850 1,522 674 
Mexico -222222222222 961 864 ic ENS 4 1 
Peru ss oc ts x EE 5,909 3,431 10,131 3,891 17,742 4,924 
OE EE 20 14 2 1 2 1 


Total a rbd 27,206 20,196 18,945 8,784 19,753 5,712 


anada _______________________ Le 59 58 19 25 28 12 
EN At REECH ew e "E SS 25 10 
TON enh a a wah re ah ae Rc ee 390 278 Lu EE x te 
Other c ee (1) 4 (1) 3 (1) 1 

Total. a e Se a ee eres Se carre 449 340 19 28 53 23 
Pigs and bars (lead content): 
APSeDUHB oa oe A 300 220 a sE E EN 
Australia Lol 9,080 6,505 10,882 5,674 14,508 4,604 
Belgium-Luxembourg ________________ _ 286 1,666 146 783 322 2,273 
Canada. oca id hs it 50,849 39,298 49,834 27,701 72,655 31, 578 
Denmark... ——--————— einn 354 341 449 351 E um 
Germany, Federal Republic of |... _ 1,433 8,899 927 5,836 1,022 7,020 
SL A a a 33,723 25,183 23,513 12,444 34,861 14,071 
Netherlands _______________________ ce, + a M 11 84 
EE eege ts ee eee 2,907 2,146 8,296 3,816 10,096 3,526 
Duel Kingdom ------------------—- 989 2,269 748 1,903 
Ee eet 187 499 r60 7195 166 171 
Total ou none tns ete inser en E cs 100,108 87,026 94,855 58,633 134,357 64,225 
Reclaimed scrap, etc. (lead content): 
Australia os rhe he e crece ges is ene: Soe m 428 132 6 6 
Bahamas _________________ s oats em es E 83 . 12 37 8 90 6 
Canada iio. he SS ye ee Se ta 1,792 1394 3,481 1,205 2,443 831 
éi TEE 87 28 18 4 ins Ka 
Guatemala ciu oe 17 29 ae 14 6 
hoi MT E 456 344 852 398 1,551 371 
JA E 92 380 bës pee E zm 
n KingdOn 2e it RE esee ON e se ENS 93 20 
NEP REOR a Hak ea AI 74 33 18 8 15 100 
TOA lo so a c cue mL Me 2,661 2,220 4,834 1,755 4,212 1,340 
Sheets, pipe, shot, other forms: 
Canad KEEN 203 343 313 335 228 238 
Germany, Federal Republic of |... 51 85 40 111 216 1,189 
Malo o m e mese ci a 20 33 24 52 Sege 
MEXICO: EE 177 164 45 73 10 64 
Du Kingdom ----2--m——-—-——————E 4 17 12 3 14 
DUM Lr E tu a 19 84 42 111 39 127 


Total- tits dido tad ceu sd e eo 474 126 461 694 496 1,632 


Pigs and bars (lead content): 


London Metal Exchange (return of U.S. brands) _ _ "ER ae EN __ 242000 | 716,945 


Grand total -—-----------------———- 130,898 110,508 119,120 69,894 200,871 89,877 
Revised. 


1Less than 1/2 unit. 
2Bureau of Mines estimate. 
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Table 29.—U.S. imports for consumption of lead 
(Thousand metric tons and thousand dollars) 


1Less than 1/2 unit. 


2Includes Bureau of Mines estimate of 42,000 metric tons of U.S. brands returned from the London Metal Exchange 
with an estimated value of $16,945,000. 


. Table 30.—U.S. imports for consumption of 
miscellaneous products containing lead! 


Gross Lead 
Year weight content Voie 
(metric (metric sands) 
tons) tons) 
1981 ________ 1,090 520 $7,813 
1982 trace ee 1,423 639 10,596 
1983 See es 2,312 1,131 13,720 


lBabbitt metal, solder, white metal, and other lead- 
containing combinations. 


Table 31.—Lead: World mine production, by country! 


(Thousand metric tons) 


Sheets, plates, strip, 
other forms 


Quantity Value 
888 
564 
646 

1 1,628 


Total value 


116,478 
110,508 
69,894 
89,877 


Ore Base bullion Pigs and bars 
Year (lead content) (lead content) (lead content) 
Quantity Value Quantity Value Quantity Value 
E 30 23,927 (1) 509 81 87,629 
— a 27 20,196 (1) 340 100 87,026 
enee 19 8,784 AM 28 95 58,633 
EE 20 5,712 (1) 23 2176 281,170 
Dross, skimmings 
Waste and scrap : : Powder and 
residues, n.s.p.f. 
(lead content) (lead content) flakes 
Quantity Value Quantity Value Quantity Value 
MT EE 2 2,144 1 761 1 620 
mc MEM 2 1,568 1 652 (1) 162 
cci 4 1,473 1 282 (2) 48 
ee 3 980 1 360 (1) 4 


1982P 1983* 
4.9 6.0 
30.1 328.8 
455.3 477.0 
4.1 43 
12.4 12.4 
“18.0 18.0 
796.0 96.0 
"16.1 16.3 
341.2 $251.5 
1.6 1.5 
7160.0 160.0 
A A 
8.0 8.0 
3.5 3.4 
“2 2 
1.9 19 . 
5.9 31.5 
23.5 323.5 
921.0 22.0 
28.0 28.0 
(5) nen 
15.1 19.3 
1.0 1.0 
r 16.6 25.1 
25.0 326.0 
38.8 36.0 
16.2 15.0 
45.9 347.1 
"95.0 95.0 


Country? 1979 1980 1981 
PROP NEE eomm et oh ee es 2.2 1.8 5.1 
Argentina. LL LLL cL LLL cL LLL LLL LLL 31.8 32.6 32.1 
Australiat_______________. Bh a nes de 421.6 1397.5 388.1 
5 AA O A 45 4.3 4.3 
IN EEN 15.4 17.7 16.8 
Brazil si a 27.9 27.8 28.4 
Bulgaria namas foes ee Seo es ee "108.0 7100.0 ™96.0 
Burma ` 222222222- T15.0 14.2 116.1 
Canada. na a ee 7341.8 7296.6 332.0 
Chil& 5 ou ar et Pe -3 3 2 
ei TEE 155.0 7160.0 7160.0 
Colombia -----------------------—- .2 2 2 
Congo (Brazzaville) -________-__----_---- 7.0 "7.0 7.7 
Czechoslovakia... 22-22-22 -- 4.0 3.3 3.4 
¡FA ss Sa A 2 2 2 
Finland ui lo ls o a e as ae 1.0 1.1 1.9 
France AMA A IA 729.3 T28.4 17.2 
Germany, Federal Republic of- - - - -- ------- 25.2 23.1 21.6 
Grete oo ac EE 21.7 20.5 €21.0 
Greenland. _______________--------- 31.9 731.1 27.4 
Guatemala. ooo 1 J (5) 
HONd UTA o st Eze 16.4 13.3 12.6 
Hühgary AE 1.0 - 1.1 1.0 
India Lo rd ee i ee e 16.0 12.7 15.3 
A A €15.0 112.0 20.0 
Ipeland AA hs Se OG et te 71.0 59.0 28.8 
Tale ecc E tee 28.1 22.9 21.6 
Ja ENEE 46.9 44.7 46.9 
Korea, North? ______________________ 7120.0 7125.0 100.0 


See footnotes at end of table. 
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Table 31.—Lead: World mine production, by country! —Continued 
(Thousand metric tons) 


Country? 1979 1980 1981 1982P 1983* 
Korea, Republic of. 11.1 11.4 13.6 12.2 10.6 
MEXICO coca io er he Petes acu Ah 118.5 145.5 157.4 145.8 150.0 
Moroco sa m a i Lr LA ee eee 115.7 7114.8 116.0 103.6 101.5 
Namibia tdo sl eee s 144.2 150.2 46.9 32.9 333.2 
Nigeriaf__—_—------------------——— E 1 r4 2 r3 3 
OFWBV 022 ti et es te a 3.6 2.6 3.6 3.7 3.7 
TEE 174.0 "189.1 192.7 175.8 3205.6 
Philippines - - -- - - ---------------——- 1 1.8 1.1 
OT WEE 61.9 60.0 50.4 57.5 58.6 
A EE 33.3 33.5 933.5 933.5 34.0 
South Africa, Republic of... Ce 86.1 98.9 90.3 480.2 
Pälli- PEE 72.3 87.1 80.2 73.3 75.0 
Sweden Lai a Een EE EE 81.6 72.2 84.1 80.8 80.0 
Thailand oie a a ers is eee 8.7 10.6 17.3 18.6 321.0 
TüHISIB- o a ta eA e E 10.0 8.3 5.7 5.0 4.7 
CY EE 1.5 dh 8.0 6.4 6.3 
MS ish as et EE 415.0 420.0 425.0 430.0 435.0 
United Kingdom- ------------------—- 4.7 ™3.6 7.0 4.0 4.0 
United States? ______________________ 525.6 550.4 445.5 512.5 449.0 
Yugoslavia __-________________ oL 129.8 121.5 118.6 “115.0 120.0 
E un eee tio ie 17.6 r €13.9 17.2 21.1 325.9 
Total me ed ii ls a S Lec 79,450.6 73,448.2 3,349.4 3,408.0 3,324.4 


Estimated. Preliminary. "Revised. 

1Table includes data available through June 13, 1984. 

2In addition to the countries listed, Egypt and Uganda may produce lead, but available information is inadequate to 
make reliable estimates of output levels. 

3Reported figure. 

*Content by analysis. 

5Revised to zero. 

SContent of concentrates. 

7Recoverable metal content of lead in concentrates for export plus lead content of domestic smelter products (refined 
lead, antimonial lead, mixed bars, and other unspecified items). 


5Recoverable. 
Table 32.—Lead: World smelter production, by country! 
(Thousand metric tons) 
Country 1979 1980 1981 1982” 1983* 
Argentina: 
Primary (refined) ____________.__--__--------- 32.0 23.2 19.0 “17.0 16.0 
Secondary (refined)- - - - - - - --------------—-—-—-——— 18.0 18.5 15.6 14.6 14.0 
Total EE 50.0 41.7 34.6 “31.6 30.0 
Australia: 
dias 
Bullion for export ----------------------——— 169.5 160.2 161.6 170.0 2160.4 
Ee WEE 215.6 200.5 207.7 218.8 2196.3 
Secondary (refined) —- - - -—--------------------—-— 42.0 32.6 31.5 28.3 228.0 
TOUR mosso Mc n Rud ce Maa LC Ae 421.1 393.3 400.8 417.1 2384.7 
Austria: 
Primary (refined) - - - -------------------—--—-—— 6.0 5.4 3.3 3.4 23.1 
Secondary (refined). - --- ------------------——— 10.8 11.5 12.8 14.5 214.4 
Total teen ee ee 16.8 16.9 16.1 17.9 217.5 
Belgium: 
Pinan orc armi ie UE EN t tT 33.7 53.9 60.2 52.9 53.0 
Secondaryt_ e esl Lut oh e LL Ee 21.0 30.0 28.0 28.0 28.0 
Total ue nuu e ag lg chus lia ete. 60.7 83.9 88.2 80.9 81.0 
Brazil: 
Primary (refined) - - ---—-------------------——— 55.1 44.5 34.7 *21.9 22.0 
Secondary (refined)_ ooo 43.0 40.4 31.1 26.3 26.0 


Total e ss do 98.1 84.9 65.8 “48.2 48.0 


See footnotes at end of table. 
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Table 32.—Lead: World smelter production, by country! —Continued 


(Thousand metric tons) 
Country 1979 1980 1981 1982 1983* 
Bulgaria:* 
MAY: od ot eu uiu eL a 115.0 115.0 115.0 115.0 115.0 
Secondary o n nio Au ei LL S 4.0 4.0 4.0 4.0 4.0 
TOI utor itte o ue LE A Ca A s 119.0 119.0 119.0 119.0 119.0 
Burma:Primary$ o ooo 6.2 6.0 4.1 7.8 27.6 
Canada: 
Primary (refined) __ _____._______---.-------- ™183.9 162.5 168.5 174.3 2178.1 
Secondary (refined). — - - - - - --- - - -------------—- 168.5 72.1 69.7 64.6 263.9 
Ke HE 252.4 234.6 238.2 238.9 2242.0 
China:* 
Primary (refined) - - - ---- -------------------—- 150.0 7145.0 150.0 "155.0 155.0 
Secondary (refined)__ - - - --------------------- 20.0 "30.0 25.0 20.0 20.0 
d NEE 170.0 "175.0 7115.0 7115.0 175.0 
Colombia: Secondary (refined)? ooo 2.5 3.0 3.0 3.0 3.0 
Cyprus: Secondary (refined)? ____________________-- 2.5 2.5 2.5 2.5 2.5 
Czechoslovakia: Secondary (refined)... - - ------------ 19.0 20.0 21.0 21.0 21.0 
Denmark: Secondary (refined) ______________------- 29.8 24.5 26.5 20.0 20.0 
Finland: Secondary (refined) - - - - ------------------ 3.0 3.2 4.5 4.4 4.0 
France: 
Primary (refined) - - ------------------------- 129.1 7126.8 128.6 122.7 115.0 
Secondary cc See eee EE d p di 30.8 35.7 38.9 40.7 37.6 
AAA eee ee fane 159.9 7162.5 167.5 163.4 152.6 
German Democratic Republic: Secondary (refined)? * _______ 42.0 42.0 48.0 ™50.0 50.0 
Germany, Federal Republic of: 
Prmaby AA 103.4 111.9 107.5 110.7 110.0 
Secondaly-. 2: occ nee queues eee eek 213.2 189.5 254.8 239.7 239.2 
VT EE 316.6 301.4 362.3 350.4 349.2 
Greece: 
Primary (refined) - --- ----------------------- 722.1 715.6 21.0 r e3.0 18.0 
Secondary (refined)-_ _________------------- 6.0 4.0 4.0 “1.0 4.0 
Total. lito to ES 128.1 119.6 "25.0 €4.0 22.0 
Guatemala: Secondary (refined) - ------------------- al 1 2 Jl 1 
Hungary: Secondary (refined)__ - - - - ---------------- 1 .1 1 e1 1l 
India: 
Primary (refined) __ ------------------------- 9.8 114.9 14.3 €14.4 23.0 
Secondary (refined)... 2.2.2222. 222.222 10.8 10.7 11.1 *8.8 8.8 
Total neum Essence rente ee td 20.6 25.6 20.4 €23.2 31.8 
nam 
rimary (refined) - - - - - --------------------— bag 725.2 42.1 35.6 36.4 40.0 
Secondary (refined) _ - - - - - - - - - - - - - - -- - -—- -- - - —— 101.0 91.6 97.4 97.3 90.0 
AA 126.2 133.7 133.0 133.7 130.0 
Japan: 
Primary ee 187.8 185.8 190.7 192.8 250.0 
Secondary (refined) — - - - - - - -- - - -- ------------—- "106.5 129.8 141.6 119.1 114.0 
(017: EE 294.3 315.6 332.3 311.9 364.0 
Korea, North: Primary (refined? _________________-~- 70.0 65.0 65.0 "60.0 60.0 
Korea, Republic of: 
Primary (refined)? ___________----------_---- EB "8.6 "7.2 9.5 10.5 
Secondary (refined)? ______________---~-------- 5 1.8 7.5 6.6 7.3 
TOM Sais A o is dë: 10.4 14.7 16.1 217.8 
Malaysia: Secondary (refined) - - -- -- --------------- 2.1 5.2 3.5 23.0 3.0 
Mexico: 
Primary eec a te tS Me 173.0 145.0 156.7 137.4 140.0 
Secondary (refined). - - - - - - ------------------- 50.0 144.0 38.0 34.0 35.0 
TOA. tn o o a 223.0 7189.0 194.7 171.4 175.0 


See footnotes at end of table. 
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Table 32.—Lead: World smelter production, by country! —Continued 


(Thousand metric tons) 
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Country 1979 1980 1981 1982” 1983* 
Morocco: 
Primary (refined) 222 2222-2222 - 222222222 85.8 40.8 50.1 56.5 56.0 
Secondary (refined)? _..__________________-___ 1.5 2.1 2.1 2.0 2.0 
Total Gok a o a is 36.8 42.4 52.2 58.5 58.0 
Namibia: Primary (refined) - - - -------------------- 41.7 42.7 41.7 40.6 335.4 
Netherlands: 
Primary scole at 6.8 dh "2.5 2.5 2.5 
eg EE 18.6 18.1 17.0 22.2 24.1 
Se E LC LE e ES LEE. 25.4 24.1 19.5 24.7 26.6 
New Zealand pi (refined)? loco 9.0 7.0 7.0 7.0 6.5 
Peru: 
Primary (refined) ...........--.-.----------- 85.7 79.9 79.2 77.0 267.7 
Secondary (refined)... 2 22222-2222 l2l-l2-- 5.0 5.0 5.0 5.0 5.0 
Toll cana o as 90.7 84.9 84.2 82.0 72.1 
Philippines: ders (refined) 20s ec ewe esee 1.9 4.8 4.0 6.0 6.0 
Poland: 
Primary (refined)? _..____-._---------------- 59.2 58.0 741.0 55.0 56.5 
Secondary (refined)? * L... ------------------- 25.0 724.0 722.0 23.8 24.5 
TO essa e E 84.2 82.0 69.0 78.8 81.0 
Portugal: RE E oc c v et eee d 4.5 5.6 5.8 4.0 8.0 
Romania: 
Primary (refined) -----oococcocoooooooooooo--- 730.9 734.9 85.0 36.0 86.0 
Secondary (refined). - - - - -- - -- ---------------- 10.0 6.0 6.0 9.6 10.0 
Eeer 40.9 40.9 41.0 45.6 46.0 
South Africa, Republic of: Secondary ----------------- 23.8 95.4 26.9 80.4 229.6 
Spain: 
Primary (refined? _-----------------------—- 87.2 "83.3 83.1 99.5 100.0 
Secondary (refined) - ----------------------—— 39.8 "37.4 34.1 32.1 30.0 
Total EE 127.0 7120.7 117.2 131.6 130.0 
Sweden: 
Primary (refined) |... _______-__-----_----~-- 22.7 20.3 7.0 29.6 235.2 
Secondary (refined) - - - - - - ------------------——- 24.0 22.0 22.0 19.9 216.6 
Total == a a e i a KL 46.7 42.3 29.0 49.5 251.8 
Taiwan: Secondary (refined)? ___.______________-_-__- 20.0 16.8 30.0 35.0 35.0 
Thailand: Secondary (refined) ______________--.---- 8 17 1.8 9 22.5 
Trinidad and Tobago: Secondary (refined______________ 2.0 2.0 2.0 2.0 2.0 
Tunisia: 
Primary (refined) ________________---_---_---~- 16.2 "19.2 17.5 15.3 210.4 
Secondary (refined)? _.____________--__---_--- 6 6 5 5 A 
Total- A AA AA 16.8 19.8 18.0 15.8 210.8 
Turkey: 
Primary (refined) - - -- - -----------—----------—- "4.9 6.5 4.8 2.5 1.5 
Secondary (refined)- - - - ---------------------- 1.0 1.2 1.2 6 5 
AAA et 5 7.7 6.0 3.1 2.0 
U.S.S.R.:* 
Primary (refined) _ ____-__--------------- "475.0 475.0 "480.0 "485.0 490.0 
Secondary (refined) - - ----------------------- 215.0 7225.0 7235.0 7245.0 255.0 
Tota lucas a etu Lc LL le, 7690.0 "100.0 7115.0 "130.0 145.0 
United Kingdom: 
Piima at ee tee ec 32.3 30.0 26.5 34.1 240.7 
Secondary (refined) - - _______________________-- 244.2 211.4 198.0 179.2 2185.3 
¿UN E 276.5 241.4 224.5 213.3 2226.0 


See footnotes at end of table. 
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Table 32.—Lead: World smelter production, by country! —Continued 
(Thousand metric tons) 


Country 1979 1980 1981 1982” 1983* 

United States: 
Primary (refined) - -—-—-—-----------------—--———- 578.2 548.4 498.3 516.8 2514.6 
Secondary (refined). - - --------------------—— 801.4 675.6 641.1 571.3 2503.5 
d e EE 1,379.6 1,224.0 1,139.4 1,088.1 71,018.1 
Venezuela: Secondary (refined) __ _________________- 10.0 10.0 10.0 10.0 10.0 

Yugoslavia: 
deet T h sica ae ee i E 92.0 85.0 74.0 74.0 75.0 
Secondary lee 41.6 "39.7 46.5 35.0 35.0 
d VE 133.6 7124.7 120.5 109.0 110.0 
Zambia: Primary (refined). - -- ------------------——- 12.8 10.0 9.9 14.6 214.6 
Grand Total- -—---------------------—- "5,627.8 "5,369.6 5,345.0 5,255.1 5,233.5 
Of which: 

Primary 1-009 ee Ee 3,275.4 "8,171.4 3,107.3 3,162.0 3,209.1 
Secondary 5 i EE 2,352.4 "2,198.2 2,237.7 2,093.1 2,024.4 


*Estimated. Preliminary.  ' Revised. 

1Table includes data available through June 13, 1984. Figures presented represent, to the extent possible, production of 
crude (or unrefined) lead, including bullion and impure lead derived from scrap. The figures for secondary crude lead for 
a number of countries are undoubtedly high, but insufficient information is available to separate impure secondary lead 
from lead merely re-refined. Countries for which this is the case have been footnoted. (See footnote 4.) For those countries 
from which crude lead production is not reported, but where available information suggests that there is little if any 
import or export of bullion for refining and refined lead output has been reported, it is so noted parenthetically because it 
is believed that the difference between crude for smelter output and refined output is negligible. 

?Reported figure. 

3Data not reported, derived from reported primary refined lead output minus imports of lead bullion plus exports of 
lead bullion and checked against use of lead content of domestically produced ores plus lead content of imported ores 
(estimated) minus lead content of exported ores (estimated). 

*Some part of the total entered may be merely re-refined, and as such probably should not be included here, but a 
substantial part of the total presumably was recovered from sufficiently impure materials to qualify as a seconda 
smelter product. Available information is inadequate to permit differentiation, and the total has been included, althoug 
it is recognized that this produces a slightly inflated figure. 

5Production from Imperial Smelting Furnace at Avonmouth only. 


Table 33.—Lead: World refined production, by country’ 


(Thousand metric tons) 


Country 1979 1980 1981 1982? 1983* 
Argentina: 
ds OE cen cii src E 32.0 23.2 19.0 €17.0 16.0 
Secondar Yo == a a Bip le eS E 18.0 18.5 15.6 14.6 14.0 
A eee AO 50.0 41.7 34.6 31.6 30.0 
Australia: 
os A E et 215.6 200.5 207.7 218.8 2196.3 
EE 42.0 32.6 31.5 28.3 228.0 
NEE 257.6 233.1 239.2 247.1 2224.3 
Austria: 
A ee eee oe ee ae 6.0 5.4 3.3 3.4 23.1 
Secondary. 22 o ee SU rete a 10.8 11.5 12.8 14.5 214.4 
AA IE A EA 16.8 16.9 16.1 17.9 217.5 
Belgium: 
AAA Ee 65.2 75.9 73.9 66.0 65.0 
o Y A A ee Se eres 48.2 52.0 36.0 33.7 30.0 
AA AA ee eiat 113.4 127.9 109.9 99.7 95.0 
Brazil: 
q AA A ee LE ee eee 55.1 44.5 34.7 21.9 22.0 
Secondary- -ocana E a N EA E, z 43.0 40.4 311 £263 26.0 


TOU T ee ee PN 98.1 84.9 658 “48.2 48.0 


See footnotes at end of table. 
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Table 33.—Lead: World refined production, by country: —Continued 


(Thousand metric tons) 


Country 1979 1980 1981 1982” 1983* 
Bulgaria:* 
NEE T105.0 7105.0 7110.0 100.0 100.0 
Secondary- m c RA 720.0 13.0 "30 "180 18.0 
TOLal en too Si ee a igs Mi UM ELM EI LS 7125.0 71180 123.0 118.0 118.0 
Burma: 
Primary! _______________________ ee 6.0 5.8 T9.9 7.6 7.4 
EE 2 2 2 2 2 
RK EE 6.2 T6.0 4.1 7.8 27.6 
Canada: 
PYM OGY oot td a eh Me 183.9 162.5 168.5 174.3 2178.1 
SECOnNda Tyo eona n gege are E 68.5 72.1 69.7 64.6 263.9 
Totals EE EEN 252.4 234.6 238.2 238.9 2242.0 
China:* 
PMA toc est Art a Ef 150.0 7145.0 1500 155.0 155.0 
Secondary ll sess cte eer a oS nce ens cher uses tents 20.0 "30.0 "25.0 20.0 20.0 
q RE 170.0 175.0 "175.0 175.0 175.0 
Colombia: Secondary? ____________________________ 2.5 3.0 3.0 3.0 3.0 
Cyprus: Secondary? -—-------------------------——— 2.5 2.5 2.5 2.5 2.5 
Czechoslovakia: Secondary- -~ - - - ------------------—-—— 19.0 20.0 21.0 21.0 21.0 
Denmark: Secondary -----------------------—--———— 29.8 24.5 26.5 20.0 20.0 
Finland: Secondary <= ts EE 3.0 3.2 4.5 4.4 4.0 
France: 
Primary eese cnius ioe A ee E E 7129.1 712658 1286 122.7 115.0 
Secondary cos s o Ee ia de 90.6 92.0 99.4 85.9 91.0 
Tota lia cr So a rum Le pace ee ee E a 7219.7 7218.8 228.0 208.6 206.0 
German Democratic Republic: Secondary?! ________________ 42.0 42.0 748.0 50.0 50.0 
Germany, Federal Republic of: 
NN dn EE 194.8 191.1 189.5 190.3 192.5 
Secandafy-. ———— o EE 178.5 159.2 158.8 158.0 160.0 
Total ctun eue ue Da tl a eic cu 313.3 350.3 348.3 348.3 2352.5 
Greece 
EE bebe ee Le i ERE esa teer 722.1 "15.6 210 * ©3.0 18.0 
Secondaty AMA AA A AS 6.0 4.0 40 7°10 4.0 
“Total Sty o rt a a a ha 128.1 "19.6 25.0 r e40 22.0 
Hungary: Secondary --------------------------—-—— 1 1 1 2l 1 
India: 
PMO EE "m 9.8 14.9 14.3 “14.4 23.0 
LEE 10.8 10.7 11.1 “8.8 8.8 
Oc cae Sg Pc et en eee $ 20.6 25.6 25.4 23.2 31.8 
Ireland: Secondary- ----------------------—--—-———— "7.0 7.0 710.0 10.0 10.0 
A 
AA E a ae 25.2 "42.1 35.6 36.4 40.0 
Secondary . .. mE - "T 101.0 91.6 97.4 97.3 90.0 
AA ee es oa eR a ee ™126.2 7133.7 133.0 133:7 130.0 
Jamaica: Secondary? ----------------------—----——— 2.0 2.0 1.0 1.0 1.0 
Japan: 
E ae ares neces uc E A 7176.2 7175.2 175.4 183.1 2241.3 
Secondary oisi ii n eese Ee "106.5 129.8 1416 1191 2114.0 
Ke 282.7 7305.0 317.0 302.2 2355.3 
Korea, North:* 
a AAA EE 65.0 "60.0 "60.0 155.0 55.0 
Seconda Ves a aae ls oe a te a 5.0 5.0 5.0 5.0 5.0 
Ke NEE 70.0 165.0 65.0 "60.0 60.0 


See footnotes at end of table. 
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Table 33.—Lead: World refined production, by country: —Continued 


(Thousand metric tons) 
Country 1979 1980 1981 1982P 1983° 
Korea, Republic of: 
AA A LE E 77.1 "8.6 7.2 "9.5 10.5 
RR A EE di 1.8 "7.5 6.6 1.8 
o m —— P — ER 7.6 710.4 14.7 16.1 317.8 
Malaysia: Secondary! A A 2.1 5.2 8.5 23.0 8.0 
Mexico: 
ER Re ead a a ae E SEEM HM 167.1 1408 150.5 129.2 180.0 
CIA AAA 50.0 44.0 88.0 84.0 85.0 
gy, TEE 217.1 7184.8 188. 1682 165.0 
Morocco: 
Primary ccenccheuéunwc cesa A me nm "85.3 40.3 50.1 56.5 56.0 
WT HE, EE 1.5 2.1 2.1 2.0 2.0 
TOt e o a "36.8 42.4 "62.2 "58.5 58.0 
Namibia: Primary -se sc eem pesa a 41.7 42.7 41.7 40.6 235.4 
Netherlands 
EE Oe EE EM 16.4 18.9 7.0 10.8 10.9 
TT EE 18.6 718.1 17.0 22.2 24.1 
ege KK 
New Zealand: Secondary" cooooommmoococmcococoonoo- 
N ¿Secondary Ll . - - - - - LLL LLL LLL ---....------ 1.5 2.0 2.0 2.0 2.0 
Norway: Secondary -` . -~ - - - - - oo 4 4 ae x ee 
:Secondary!* |. LLL LLL LLL LLL LLL LLL LLL ui 1.5 1.0 1.0 1.0 1.0 
Peru: 
A o —— 85.7 79.9 79.2 77.0 287.7 
Secondary” ~- ------------------------------ 5.0 5.0 5.0 5.0 5.0 
A a A 90.7 84.9 842  '820 72.7 
Philippines: Secondary - - - - - - - --------------------- 1.9 4.8 4.0 6.0 6.0 
Poland: 
Primary” ocu ir di 59.2 58.0 47.0 55.0 56.5 
Secondary? - - - ------------------------------ 25.0 24.0 22.0 23.8 24.5 
TOUR] 1. e Lus nudo er mmu eme UR uL. LE 84.2 82.0 69.0 78.8 81.0 
Portugal: 
Prima meme des usui tee E Ee LE ME USE um NS 1.0 Ta VE 
Secondery EE 4.5 "5.6 5.3 4.0 3.0 
A A AAA 74.5 "5.6 6.3 4.0 3.0 
Romania:* 
As ocn A e E a 30.9 34.9 35.0 736.0 36.0 
Secondary 2 a i c mE ee ees ue ee ee 10.0 6.0 6.0 "9.6 10.0 
Oo a — E E E 40.9 40.9 41.0 45.6 46.0 
South Africa, Republic of: Secondary ------------------- 23.3 35.4 26.9 80.4 329.6 
Spain: 
Primiry-— esc so 5250605 RES Le RTI 87.2 83.3 83.1 99.5 100.0 
Scoba- a ah A 39.8 37.4 34.1 32.1 30.0 
q A AA A ET EE E 127.0 120.7 117.2 131.6 130.0 
Sweden: 
dolori, Ts ss ——— ON 22.1 20.3 1.0 29.6 335.2 
Secondary. EH 124.0 22.0 22.0 19.9 316.6 
TOI ul A yes a 46.7 42.3 29.0 49.5 351.8 
Switzerland: Secondary? _______________.____-_____- 5.0 7.0 1.2 1.0 6.0 
Taiwan: Secondary? lo ooo o 20.0 16.8 730.0 35.0 35.0 
Thailand: Secondary ----------------------------- 8 1.7 1.8 9 30 5 
Trinidad and Tobago: Secondary? ____________________- 2.0 2.0 2.0 2.0 2.0 
Tunisia: 
Primar EE 16.2 19.2 17.5 15.3 210.4 
Secondary a ee i ee 6 6 5 5 A 
ge EE 16.8 19.8 18.0 15.8 10.8 


See footnotes at end of table. 
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Table 33.—Lead: World refined production, by country! —Continued 


(Thousand metric tons) 
Country 1979 1980 1981  1982P 1983* 
Turkey: 
Primers cel exu Au Pe M EE E 4.9 6.5 4.8 2.5 1.5 
Secondary ounce coe c cuu mun ELE 1.0 1.2 1.2 6 5 
Total 5c er ril ac nu E A SRE 5.9 1.1 6.0 8.1 2.0 
U.8.8.R.:° 
AAA Ec nuu La 7475.0 "476.0 7480.0 7485.0 490.0 
Secondary eeu hee eua E LL dte ecd ta 215.0 7225.0 "285.0 "245.0 255.0 
TOUR enn eec ei II eee eee et 690.0 ™700.0 77150 "780.0 145.0 
United Kingdom: | 
Prima MI ——— CÓ PPP 124.1 1184 185.4 181.0 3180.1 
BecondAry acne wc eo cee a iaa 244.2 2114 1980 1792 3185.8 
jill M ——— — —— P 368.3 3248 3884 810.2 2315.4 
United States: 
Primary AA aa 578.2 548.4 4988 6168 3514.6 
Boond ees Es waMuNOdcHPnwwEEBe REGES 801.4 675.6 641.1 671.8 3508.5 
TOM cono enone A ee sui 1,879.6 1,224.0 1,189.4 1,0881 1,018.1 
Venezuela: Secondary®._.__.......--.....~.-.------ 10.0 10.0 10.0 10.0 10.0 
Y lavia: 
MAT A Se HEU T 92.0 84.7 18.9 72.0 77.5 
TT <= - - - - - a oe 19.0 17.0 12.5 10.2 20.0 
d RE 111.0 101.7 86.4 82.2 297.5 
Zambia: Primary __.....-_..-------------------- 12.8 10.0 9.9 14.6 214.6 
Grand total. a ee ete eee ee "5,712.1 "5,429.9 6,885.5 6,227.4 6,229.8 
Of which 
gs e eec ute cs IR LE EE 79,207.5 "3,172.9 8,124.0 8,149.8 3,204.6 
Secondary ac comi eme eem Edu eru T2,414.6 "2,257.0 2,211.5 2,077.6 2,024.7 


*Estimated. Preliminary. ‘Revised. 

1Table includes data available through June 14, 1984. Data included represent the total output of refined lead by each 
country, whether derived from ores and concentrates (primary) or scrap (secondary), and include the lead content of 
antimonial lead, but exclude, to the extent possible, simple remelting of scrap. 

2Reported figure. 
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Lime 


By J. W. Pressler! 


Lime output, including that for Puerto 
Rico, was 14.9 million short tons, an in- 
crease of 6% compared with that of 1982. 
Total value increased 9% to $761 million. 

Output of agricultural lime increased 
30%, refractory lime increased 24%, and 
construction as well as chemical and indus- 
trial lime increased 5% each. 

Domestic Data Coverage.—Domestic pro- 


duction data for lime were developed by the 
Bureau of Mines from two separate, volun- 
tary surveys of U.S. operations. Typical of 
these surveys is the annual Lime survey. Of 
the 140 operations to which an annual 
survey request was sent, 100% responded, 
representing 100% of total production 
shown in tables 1 and 2. 


Table 1.—Salient U.S. lime statistics! 
(Thousand short tons unless otherwise specified) 


1979 1980 1981 1982 1983 
Number of plants - -------------------—--—--——-——— 154 153 150 147 139 
Sold or used by producers: 
VICIO cona ua et e a e e el Ee 17,553 15,972 16,142 11,701 12,383 
vdrated means a e e 2,599 2,544 2,279 2,037 2,066 
Dead-burned dolomite _— — - - ------------------—— 793 494 435 337 418 
Total i Sa ha a a sa e 20,945 19,010 18,856 14,075 14,867 
Walton da a i GOL thousands__ $862,459 $842,922 $884,197 $696,207 $757,611 
Average value per ton ____________________-_ $41.18 $44.34 46.89 9.46 $50.96 
Lime sold === opa rl 2a ce ee ee ee 15,423 13,809 14,271 10,856 12,083 
Lime used -acrana a ed a se 5,022 5,201 4,585 3,219 2,784 
Exports? ________ is OPNS Ee Ee 45 42 28 23 28 
Imports for consumption? ________________________ 640 480 504 348 283 
!Excludes regenerated lime. Excludes Puerto Rico. 
?Selling value, f.o.b. plant, excluding cost of containers. 
3Bureau of the Census. 
DOMESTIC PRODUCTION 


Lime sold or used by producers increased 
6% to 14.9 million tons. Commercial sales 
increased 11% to 12.1 million tons. Captive 
lime used by producers continued its long 
decline with a 14% reduction to 2.8 million 
tons. This was a 62% decrease from the 
record high in 1971. 

Production of quicklime increased 6% to 
12.8 million tons. Production of hydrated 
lime remained virtually the same at 2.1 


million tons. Production of dead-burned do- 
lomite increased 24%, but was still 83% 
below the 1956 record level of 2.4 million 
tons. 

Five States—Ohio, Pennsylvania, Missou- 
ri, Kentucky, and Texas—accounted for 
50% of total lime output. Production in- 
creased 16% in Pennsylvania, 14% in Ohio, 
10% in Missouri, and 6% in Kentucky, but 
decreased 5% in Texas. 
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Figure 1.—Trends in major uses of lime. 


Leading producing companies were Dravo 
Lime Co. with one plant each in Alabama, 
Kentucky, Louisiana, and Texas; Marble- 
head Lime Co. with two each in Illinois and 
Michigan, and one each in Indiana, Penn- 
sylvania, and Utah; Mississippi Lime Co. in 
Missouri; Martin Marietta Corp., Chemical 
Div. in Alabama and two plants in Ohio; 
Allied Chemical Corp. in New York; Black 
River Lime Co. in Kentucky; Genstar Lime 


Co. with two plants each in California and 
Nevada, and one each in Arizona, Utah, and 
Virginia; Bethlehem Steel Corp. with two 
plants in Pennsylvania; Rangaire Corp. 
with one plant each in Arkansas, Pennsyl- 
vania, Texas, and Virginia; and Warner Co. 
with two plants in Pennsylvania. These 10 
companies, operating 32 plants, accounted 
for 52% of total lime production. 

The six largest lime plants, each produc- 
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ing more than 400,000 tons, accounted for 
28% of total lime output. Thirteen plants 
produced 100,000 to 200,000 tons each and 
accounted for 23% of the total. 

Leading individual plants were Mississip- 
pi Lime’s Ste. Genevieve plant in Missouri, 
Dravo Lime’s Maysville plant in Kentucky, 
Allied Chemical’s Syracuse plant in New 
York, Black River Lime’s Carntown plant in 
Kentucky, and Martin Marietta Chemical 
Div.’s Woodville No. 1 plant in Ohio. 

A total of 356 lime kilns were operated 
during the year. Eleven sugar companies 
operated 35 plants with 54 shaft kilns and 1 
rotary kiln, and produced 513,000 tons of 
lime valued at $35.6 million. The remainder 
of the lime industry, not including the 
paper and pulp industry, operated 301 kilns 
during the year: 112 vertical kilns, 149 
rotary kilns, 20 pot kilns, 13 Calcimatic 
traveling-hearth kilns, 4 fluidized-bed kilns, 
and 3 Maerz-Warwick vertical kilns. 

Hydrators for production of hydrated 
lime, including those used by the sugar 
industry, totaled 138; 121 were of the con- 
tinuous type, and 17 were of the batch type. 

The number of lime plants in the United 
States and Puerto Rico decreased by 8 to 
140, and the average production per plant, 
excluding the sugar industry average of 
14,650 tons per year, was 125,300 tons per 
year. 

New Plants, Expansions, and Changes.— 
The number of kilns in the lime industry 
increased by one. The Maerz-Warwick verti- 
cal shaft, parallel-flow kiln went on-stream 
in July at Chemical Lime Co.’s Marble 
Falls, TX, plant. Its capacity was 600 tons 
per day of dolomitic lime, principally for use 
in the production of magnesium from sea- 
water. 

The Bellefonte lime plant of Domtar In- 
dustries Inc. in Centre County, PA, had 
ceased operations in June 1982. In April 
1983, Domtar sold the plant to Con Lime 
Inc., which reopened the plant and operated 
one of its three kilns. Quicklime and hydrat- 
ed lime produced at the plant were sold 
principally to the steel industry. 

Genstar Stone Products Co. sold its Ste- 
phens City lime plant in Frederick County, 
VA, to Shen Valley Lime Corp. in Septem- 
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ber. Shen Valley did not operate the verti- 
cal lime kiln, but planned to operate the 
batch hydrator using purchased quicklime. 
North American Refractories Co. sold its 
Bonne Terre dolomitic lime and refractory 
dead-burned dolomite plant in St. Francois 
County, MO, to Resco Products of Missouri 
Inc. in June. Martin Marietta sold its Ro- 
berta lime plant in Shelby County, AL, to 
Blue Circle Inc. in May. 

Reflecting continued depressed markets 
for lime, several plants were closed, or 
remained closed. Amstar Corp.’s plant in 
Chandler, AZ, remained idle, and its 
Spreckles, CA, plant was dismantled. 
Kennecott-Ray Mines Div.’s plant near 
Hayden, AZ, and Phelps Dodge Corp.’s 
plant in Morenci, AZ, were idle. Aluminum 
Co. of America’s plant in Bauxite, AR, was 
permanently closed in August. CF&I Steel 
Corp.’s plant in Pueblo, CO, had ceased 
operations in August 1982 and was perma- 
nently closed in 1983. S. 1. Lime Co.’s 
Morgan City, LA, plant had shut down its 
two kilns in July 1982 and operated only 
two continuous hydrators on quicklime 
from Kentucky during 1983. Chino Mines 
Co.’s plant near Hurley, NM, was dormant 
during the year. Cuyahoga Lime Co. perma- 
nently closed its Cleveland, OH, lime plant. 
C-E Basic Inc. permanently closed its Maple 
Grove, OH, plant at yearend. Pfizer Inc. 
shut down its Gibsonburg, OH, dolomitic 
lime plant in July. Armco Inc.’s Azbe verti- 
val lime kiln in Houston, TX, had been shut 
down in late 1982 and remained dormant 
during 1983. Greer Lime Co.’s Saltville, VA, 
plant had ceased operations in July 1982 
and remained dormant during 1983. River- 
ton Corp.’s Martinsburg, WV, plant, which 
had been closed in July 1982, remained 
dormant. 

As reported by the National Lime Associ- 
ation, direct fuel sources for the commercial 
lime industry through 1983 were coal, 78%; 
natural gas, 14%; petroleum coke, 6%; and 
oil, 2%. Changing fuel consumption pat- 
terns in the industry caused a 39% reduc- 
tion in the use of natural gas and a 28% 
increase in the use of coal and coke compar- 
ed with that of 1980. 
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Table 3.—Lime sold or used by producers in the United States,' by size of plant 


1982 1983 
; tity antity 
Size of plant (t oer? Percent (thousand Percent 
Plants short of total Plants short of total 
tons) tons) 
Less than 10,000 Gong. ___________________ 21 116 1 23 133 1 
10,000 to 25,000 tong __ __________________ 30 495 4 29 501 3 
25,000 to 50,000 tons __$_§_________________ 24 867 6 18 667 5 
50,000 to 100,000 tons_____________________ 26 1,920 14 24 1,861 12 
100,000 to 200,000 tons ` _________________ 31 4,523 32 27 4,131 28 
200,000 to 400,000 tons `. 12 3,156 22 13 3,383 23 
More than 400,000 tons. ___________________ 4 3,035 22 6 4,226 28 
dk EE 148 14,112 2100 140 14,902 100 
!Excludes regenerated lime. Includes Puerto Rico. 
2Data do not add to total shown because of independent rounding. 
CONSUMPTION AND USES 


Lime was consumed in every State. Lead- 
ing consuming States were Pennsylvania, 
Ohio, Indiana, Texas, and Michigan, each of 
which consumed more than 1 million tons. 
These five States accounted for 46% of the 
total lime consumed. Twenty-eight plants in 
thirteen States produced dolomitic quick- 
lime or dead-burned dolomite, and repre- 
sented about 20% of the lime industry. 

Lime consumption in the steel industry 
increased 13% to 5.4 million tons, and 
equaled 36% of all lime consumed in the 
United States. Increased housing and build- 
ing starts caused increases in the sales and 


use of mason's and finishing lime, 3% and 


16%, respectively. Environmental uses of 
lime continued to increase. Lime consump- 
tion in flue gas desulfurization processes 
and effluent water cleanup increased 4%. 

Leading  quicklime-consuming States 
were Ohio, Pennsylvania, and Indiana, each 
of which consumed more than 1 million 
tons. These three States accounted for 35% 
of the total quicklime consumed. 

Leading hydrate-consuming States were 
Texas, Pennsylvania, Ohio, and Illinois, 
each of which consumed more than 100,000 
tons. These four States accounted for 44% of 
the total hydrate consumed. 

Lime sold or used by producers was for 
chemical and industrial uses, 89%; con- 
struction, 8%; and refractories and agricul- 
ture, 3%. Captive lime used by producers 
remained at 23% of the total. Captive lime 
was used mainly in the production of basic 
oxygen furnace (BOF) steel, 30%; alkalies, 
20%; and sugar, 19%. 


Leading individual uses for lime were for 
BOF steel, water purification, sulfur remov- 
al from stack gases, paper and pulp, and 
electric steel, which together accounted for 
57% of the total consumption. 

Of the main chemical and industrial uses, 
lime for BOF's was produced principally in 
Indiana and Illinois combined, 30%; Ohio, 
23%; and Pennsylvania, 11%. Lime for 
water purification was produced mainly in 
Missouri, 30%; Texas, 9%; and Pennsylva- 
nia and Alabama, 8% each. Lime for sulfur 
removal from stack gases was principally 
produced in the Eastern United States. 
Lime used for paper and pulp, excluding 
regenerated lime, was produced mainly in 
Alabama, 24%; Tennessee and Virginia, 
16% each; and Wisconsin, 13%. Lime for 
electric steel was produced principally in 
Pennsylvania, 28%; Texas, 13%; Ohio, 10%; 
and Missouri, 8%. 

Mason's lime was produced at 26 plants in 
14 States, including Puerto Rico. Leading 
States were Pennsylvania, 2596, with three 
plants; Wisconsin, 23%, with four plants; 
and Virginia, 16%, with three plants. Fin- 
ishing lime was produced in 12 plants in 8 
States; the leading State was California 
with 3 plants. 

The use of lime in agriculture increased 
30%, from its long-term decline, to about 
61,000 tons. Compared with its high of 
202,000 tons per year in 1956, it has become 
of small significance. Conversely, the use of 
less-reactive pulverized limestone and dolo- 
mite in agriculture was 18.7 million tons. 
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Table 4.—Destination of shipments of lime sold or used by producers in the United 


States, by State! 
(Thousand short tons) 
1982 
State 

Quicklime Hydrated 
Alabama. 222-2 ooo 369 41 
Alaska on erer W 
Arizonā == m be ak moines 206 17 
Arkansas ` SS S22 22222 94 30 
California 22222222 448 62 
Colorgdo o ooo 135 13 
Connecticut ----------------—-—- 25 11 
Delaware _____________________ = 30 5 
District of Columbia __________-___ -- W W 
Aula WEE 287 37 
AA Ce ea 193 36 
Hawaii oe a Se E 1 5 
Idaho 222 oie un A 116 2 
Ilinois- abusi En e nee 483 103 
Indiana o o ooo oo 1,272 42 
IOWA <a acc net pen Ee 16 
Kansas. ______________________~_ 65 15 
Kentucky 2.222220 2.62 as ge aces 387 16 
Louisiana EES 144 101 
BIB Ll 2l chc LL E als 15 (3) 
Maryland coses da sein 316 17 
Massachusetts _________________-__ 13 
Michigan --------------------—- 980 28 
Minnesota. ----------------—-—- 219 12 
Nuet 111 55 
IMSOURI a ee eer eee eee 123 33 
Montang o o ooo ooo 67 6 
Nebraska ________________-_-____~- 56 5 
Nevada ais a a e EE 73 5 
New Hampshire ____________------ W W 
New Jersey ~ ------------------—- 82 41 
New Mexico- ----------------—-—- 68 30 
New York e 2-2 22- 597 44 
North Carolina- _---------------—- 163 23 
North Dakota_ ___--------------—-- 1 5 
21 AAA AS 1,296 102 
Oklahoma - - -----------------—-—- 15 
Dni ena aa E EROS 5 8 
Pennsylvania - ----------o-oo---- 1,315 195 
Rhode Island ` _~- 4 2 
South Carolina _________________ _- 79 15 
South Dakota - __---------------——-- 11 10 
Tennessee______________________ 147 66 
q: EEN 614 551 
A ER 172 9 
Vermont. ~_____-_- W W 
et, AA IS 121 82 
Washington - - -----------------—- 226 13 
West Virginia._____________-_____ 328 26 
isconsin is 109 45 
WYOMING er a a a 62 9 
Other? s eee eS 35 30 
Total United States?___________ 12,028 2,055 

Exports: 

(STT TEE 7 6 
MEXICO: E 2 el 
Other countries. _______________ 2 12 
Total exports ______________- 11 18 
Grand total? .. . da 12,039 2,072 


416 


14,112 


367 


12,782 


16 
(3) 
3 


19 
12,801 


1983 
Quicklime OS 


2,100 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


1Excludes regenerated lime. Includes Puerto Rico. 


*Data may not add to totals shown because of independent rounding. 


3Less than 1/2 unit. 


*Includes Puerto Rico, possessions, and States indicated by symbol W. 
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Table 5.—Lime sold or used by producers in the United States, by use! 
(Thousand short tons and thousand dollars) 


U 1982 1983 
se TEL i NN A 
Sold Used Total? Value Sold Used Total? Value 
Agriculture________._-_.-. 47 E 47 2,541 61 Se 61 3,246 
Construction: 
Road stabilization - — _ _ _ _ 532 EST 532 27,364 592 med 592 33,384 
Mason’s lime --_____.._ 179 33 212 13,432 W W 218 14,166 
Soil stabilization. ______ 220 Gg 220 13,666 215 ah 215 12,660 
Finishing lime _ — — — _ — _ _ 138 zS 138 10,863 160 WS 160 13,243 
Other: ------------- 21 17 38 2,199 17 = 17 1,216 
Total? ____------ 1,090 49 1,140 67,523 W W 1,201 14,668 
Chemical and industrial: 
Steel, BOF ` _ 2,838 800 3,638 165,870 3,461 832 4,293 193,552 
Water purification -_-_.- 1,318 12 1,331 65,435 W W 1,488 76,932 
Sulfur removal from stack 
gases --oooooooo.- 996 Se 996 48,787 1,019 NT 1,019 50,817 
Paper and pulp- - ------ 990 105 1,096 55,644 W W 916 44,619 
Steel, electtic _ 714 61 175 38,814 W W 808 88,937 
Sewage Kee Se 586 6 592 30,983 W W 578 81,847 
A ar refining ~- ------ 50 719 769 38,267 43 523 566 38,320 
NOB | s A e s 14 647 661 33,051 W W 560 26, 852 
Magnesia from seawater or 
brine ____________ W W 417 19,610 W W 551 27,084 
Copper ore concentration _ 240 122 363 18,866 W W 390 19,529 
Steel, open hearth - - - - - _ 338 21 359 16,799 W W 292 13,265 
Acid water, mine or plant . 231 q 237 12,567 W W 268 14,365 
Calcium carbide ... _ _ _ 158 51 209 8,738 W W 209 9,416 
Aluminum and bauxite. .. _ 97 87 184 10,217 W W 203 11,423 
Magnesium metal _ _ _ _ _ _ 10 147 156 2,833 W W 171 10,707 
Glass 2-2 --- 140 A 140 6,375 156 or 156 6,947 
Precipitated calcium car- 
nate____________ 74 30 104 5,233 W W 128 9,046 
Ore concentration, other _ _ 45 es 45 1,910 80 TA 80 3,963 
Oil and grease -__-_-_--- 47 poe 47 2,525 52 E | 52 3,166 
Petrochemicals. - . — — _ — 56 e 56 3,816 W GEN W | W 
ood Products animal or | 
human ` 31 ac. 31 1,709 35 T: 35 2,255 
Oil-well drilling EE 31 E 31 2,075 30 E 30 2,118 
Petroleum refining |... 21 MS 21 1,154 26 i 26 1,308 
Tanning------------ 19 ZA 19 1,126 20 pics 20 1,246 
Citric acid_ -- - ------- oe 21 21 1,455 m 20 20 1,337 
Metallurgy, other ______ 26 (3) 26 1,213 11 Sek 11 492 
Fertilizer |... 6 DE 6 434 5 Bas 5 456 
Gelatin __________-__ 5 E 5 348 5 m 5 311 
Calcium silicate |... — 7 T 7 346 W m W W 
Brick, sand-lime -___-_-- 4 ns 4 235 4 ec 4 220 
Pat === 2 T 2 109 2 SS 2 161 
Other*_____________ "359 299 7241 12,367 5,569 1,328 329 18,442 
Total? __________ 9,460 3,128 12,589 608,911 10,518 2,703 13,221 659,128 
Refractory dolomite____-_--_ 296 41 337 19,136 W W 418 24,454 
Grand total?_______ 10,893 3,219 14,112 698,112 12,118 2,184 14,902 761,496 


"Revised. W Withheld to avoid disclosing company proprietary data. 

1Excludes regenerated lime. Includes Puerto Rico. 

2Data may not add to totals shown because of independent rounding: 

“Less than 1/2 unit. 

‘Includes asphalt fillers, briquetting, brokers, chrome, coke and gas, commercial hydrators (1983), desiccants, 
explosives, ferroalloys, fiberglass, glue, insecticides, ladle desulfurizing, manganese (1983), other uses, pelletizing 
pharmaceuticals, rubber, silica brick, soap, starfish control, wire drawing, and uses indicated by symbol W in “Chemi 
and industrial” lime only. 


PRICES 


The average value of lime sold or used by Values for quicklime sold ranged from 
producers increased 3% to $51.10 per ton, $46.44 for chemical lime to $51.83 for con- 
an increase of 193% over the 1973 price. struction lime, $31.31 for lime used in agri- 
Values ranged from $49.85 for chemical and culture, and $59.31 for refractory dead- 
industrial lime to $62.17 for construction burned dolomite, and averaged $47.05, a 
lime, $58.46 for refractory dolomite, and decrease of 2%. 
$53.36 for lime used in agriculture. Values for hydrated lime sold ranged 
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from $66.24 for construction lime to $66.54 in agriculture, and averaged $66.28, an 
for chemical lime and $60.71 for lime used increase of 14%. 


FOREIGN TRADE 


Exports of lime increased 25% to 28,154 
tons, but was still 59% below the 1968 
record. Of the total exports, Canada receiv- 
ed 63%; Sudan, 11%; Guyana, 9%; and 
Panama, 4%. The remaining 13% went to 
29 countries as follows, in descending order 
of volume: The Bahamas, Jordan, Mexico, 
the Philippines, Bermuda, the Republic of 
Korea, Brazil, Saudi Arabia, the Republic of 
South Africa, Singapore, Colombia, Bel- 


the United Arab Emirates, and the Federal 
Republic of Germany. 

Imports, principally from Canada, 80%, 
and Mexico, 20%, were 282,563 tons, a 
decrease of 19%. Import reliance, expressed 
as a percentage of apparent consumption, 
was 2%. 


Table 6.—U.S. exports of lime 


h Quantity Value 
gium-Luxembourg, Venezuela, the Nether- (short tons) (thousands) 
lands Antilles, the United Kingdom, New 1980. 41,843 $3,990 
Zealand, Trust Pacific Islands, France, Pe- 1981- NEE 28,429 3,996 
ru, Liberia, Argentina, Japan, Barbados, 1993 7777777727777 23 154 "ut 
China, India, the Netherlands, Hong Kong, 

Table 7.—U.S. imports for consumption of lime 
Hydrated lime Other lime Total 

Quantity Value Quantity Value tity Value 

(shorttons) (thousands)  (shorttons) (thousands)  (shorttons) (thousands) 
1980 20 a 62,423 $3,129 417,792 $16,044 480,215 $19,173 
1981 __-______________ 65,717 3,471 438,623 18,092 504,340 21,563 
KEEN 60,108 3,305 288,266 13,503 348,374 16,808 
1983 222 58,811 3,431 223,152 11,345 282,563 14,716 

WORLD REVIEW 


Canada.—Canadian production of lime 
decreased 3% to 2.3 million tons valued at 
$110 million. In 1982, 18 companies operat- 
ed 21 lime plants in Canada, 1 in New 
Brunswick, 4 in Quebec, 9 in Ontario, 2 in 
Manitoba, 3 in Alberta, and 2 in British 
Columbia. Of these, six were captive plants, 
of which three were in the sugar industry, 
one was in the iron and steel industry, one 
was in the soda ash industry, and one 
produced dolomitic lime for use in produc- 
tion of magnesium, calcium, and strontium 
metal. Eight plants produced hydrated lime 
for road stabilization, water and sewage 
treatment, and agricultural use. In 1982, 
principal lime uses were iron and steel, 
48%; pulp and paper, 11%; and nonferrous 
smelters, 596. Consumption by cyanide, flo- 
tation, and uranium processing plants was 
substantial, but company data were propri- 
etary. Average energy consumption in the 
Canadian lime industry was 5.0 million 


British thermal units (Btu) per ton of 
production.? 

There were four high-calcium lime pro- 
ducers in Quebec, with an annual capacity 
of 770,000 tons. Shipments amounted to 
350,000 tons in 1983. Markets were mostly 
to the pulp and paper industry and to iron 
foundries in eastern Canada. 

Jolichaux Inc., formerly Domtar Inc., 
with three rotary kilns near Joliette, and 
Domlin Inc., with six vertical kilns at Lime 
Ridge, were the principal producers in Que- 
bec. At Saint-Hilaire, near Montreal, La 
Raffinerie de Sucre du Quebec operated a 
lime kiln for sugar refining, and, at Shawin- 
igan, Le Carbure Shawinigan Inc. marketed 
a hydrated lime reclaimed from acetylene 
production from the calcium carbide proc- 
ess. 
The major lime producer in Manitoba was 
Steel Bros. Canada Ltd. Its 350-ton-per-day 
plant with a 140-foot-long rotary kiln was 


LIME 


located at Faulkner, near Steep Rock. Both 
high-calcium and high-purity dolomite were 
used in the production of lime for use in the 
chemical, metallurgical, and pulp and pa- 
per industries. 

In Ontario, nine companies produced an 
estimated 1.5 million tons of lime from 
high-calcium and dolomitic limestone 
valued at $90 million. Principal uses were 
chemical and metallurgical, with minor 
amounts for construction, agriculture, and 
road stabilization. 

Two lime producers in British Columbia, 
Texada Lime of Selco Inc. and Pavilion 
Lake of Steel Bros. Canada, operated at 
reduced capacity. Pulp and paper plants 
operated their own lime kilns, and pur- 
chased limestone from the Texada Quarry 
and other smaller quarries.? 

Libya.—The Libyan Cement Co. added a 
third lime kiln to its plant facilities at 
Benghazi. The shaft kiln had an output of 
188 tons per day of quicklime. Fired by 
heavy fuel oil, the 52-foot-high vertical shaft 
operated on the induced draft principle, 
waste heat recuperation, and a multiple 
firing system, which can use either solid, 
liquid, or gaseous fuel. The soft, porous 
coral limestone was crushed and screened 
to provide a minus 3-inch, plus 1-inch feed 
for the kiln. A continuous hydrating plant 
with a capacity of 15 tons per hour produced 
pulverized hydrated lime for bulk or bag- 
ging facilities.* 

South Africa, Republic of.—Three of the 
Republic of South Africa's largest lime 
producers—Pretoria Portland Cement Co. 
Ltd. (PPC), Union Lime Co. Ltd., and Cape 
Lime Holdings Ltd.—dominated national 
production with annual shipments of 1.9 
million tons. The Republic of South Africa 
was the world's third largest user of lime in 
road and soil stabilization, behind the Unit- 
ed States and France. However, two-thirds 
of the production was consumed in the gold, 
uranium, and steel industries. Road and soil 
application only accounted for 10%, but it 
was expected that increased use would ef- 
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fectively reduce the high cost of road con- 
struction and maintenance. The capacity at 
PPC's plant was increased to 7,400 tons per 
day with the installation of the world's 
largest single lime kiln, which came on- 
stream near yearend.’ 

Sweden.—Sales of lime had increased 2% 
in 1982 to 720,000 tons and maintained that 
level in 1983. End uses were in the metal- 
lurgical, paper and pulp, and building mate- 
rials industries. 

A new lime system for dry scrubbing of 
dust and sulfur from flue gas was installed 
in the Sysav project in Malmo. A reduction 
of 95% to 98% of the particulates and sulfur 
dioxide was achieved. This system was to be 
installed on a new coal-fired power station 
outside of Stockholm.* 

Turkey.—Turkey's estimated lime pro- 
duction was 1.1 million tons. The major 
producers, 11 companies in 10 locations, 
operated 20 different kilns—9 Maerz, 8 
Nikex, 2 vertical shaft, and 1 rotary. To- 
gether they produced about 450,000 tons of 
lime. The balance of Turkey’s production 
was attributed to many small primitive 
hand-fired kilns, producing lime principally 
for housing construction use as mortar and 
plaster. The total end-use pattern consisted 
of housing and building construction, 42%; 
steel refining, 16%; iron blast furnaces, 
13%; sugar refining, 10%; fertilizer, 6%; 
soda ash and paint, 5% each; glass, 1%; and 
other, 2%.’ 

United Kingdom.—Ready Mixed Con- 
crete Ltd. (RMC) acquired Peakstone Ltd., 
in late 1982, and reorganized the Lime Div. 
to form RMC Industrial Minerals Ltd., 
which operated one limestone quarry at 
Dove Holes and a calcining plant at Hind- 
low in Derbyshire. The market for RMC’s 
lime was to private steelworks and special- 
ized chemical and industrial uses, including 
the sugar beet refining industry. However, 
the largest outlet continued to be building 
products such as aerated concrete blocks, 


calcium silicate bricks, and calcium silicate 
boards.® 


Table 8.—Quicklime and hydrated lime, including dead-burned dolomite: World 
production, by country! 


(Thousand short tons) 
Country” 1979 1980 1981 1982” 1983* 
AIBGRIB s Nis esse LUE ag da cuu "40 "45 45 45 45 
Australa a eroe ts il e i onl 963 992 1,433 1,350 1,430 
Mi a at o al r1,027 — 71,108 1,140 1132 41257 


See footnotes at end of table. 
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Table 8.—Quicklime and hydrated lime, including dead-burned dolomite: World 
production, by country! —Continued 


(Thousand short tons) 
Country? 1979 1980 1981 1982? 1983* 
Belus om a, Beet eee Ta bo 13,346 3,021 2,244 2,200 
Brazil? L 2 2 jr nci eene 5 5,300 5,500 5,500 5,500 
Bulgaria: o2 lcu ee 2,059 72,061 1,938 1,958 1,870 
EXIT cca ee en eat NIU FERE ert A E 2,050 2,815 2,816 2,422 42 344 
E uie s rA o e ge ee ets 858 714 711 1 
Colombia? ____________________________ ee 1,430 1,430 1,430 1,430 1,430 
Costa Rita’ uunc ee sl io i c LE IE 1 8 rg "13 ] 
ne ray ae ie EENEG 200 161 154 160 160 
y ops EET *20 15 12 11 4 
Czechoslovakia ________________~___-__-_____-- 3,272 8,327 8,565 8,404 8,420 
Denmark. ——— nu mA Se a 195 187 215 215 220 
Dominican Republic - - - - ----------------------- 44 *44 *44 44 
PRA A AR EE 2100 97 101 *105 100 
Fiji Islands io in e a a LEA 1 2 3 3 
AT A A E a or 484 432 422 290 285 
(e ol WEE 4,266 3,979 3,710 3,300 8,300 
German Democratic Republic ooo oo. 8,825 8,749 8,793 3,869 3,860 
Germany, Federal Republic of -- -- ----------------- 10,183 9 453 8,726 7,604 7,720 
Guatemala oia o a e ii iS 45 39 27 r e27 27 
e TEE 781 769 834 931 *884 
FA FER *450 440 440 440 440 
A AAA 550 550 550 600 700 
KT BEE r80 35 51 51 50 
A eai ect EE 137 137 *88 r55 55 
Ur ee uina diese eee rm E 2,405 2,606 2,543 2,989 2,430 
JEIDAICRH- s no unes numum Pu ee ee A 175 146 126 1 
JAPAN MEER EE 10,613 10,307 8,848 8,573 48 197 
Jordan o moe nl heet Ea a Shar ee Le e4 22 56 294 
Kenya ps ANE 30 29 230 24 30 
Korea, Republic off... 66 *232 220 220 220 
Kuwat MMC" — PS A 6 T20 24 11 15 
LebanoD.——— m uocum ee ao 132 132 61 r e55 20 
Libyi EE e a E EL 248 254 259 °250 220 
Malha- hom en e 33 34 *35 *35 36 
O 2.02 32.5 cece eo A ee ee x 2 6 *6 6 
Mauritius®_________________________________ 9 4g 8 8 8 
MEXICO: 22 EM EEN 5,048 4,795 4,960 *4,400 4,000 
Mongol -___----------------------- 51 55 55 r65 70 
Mozambiquef `... 11 11 11 11 11 
New Zealand®_______________________________ 190 190 190 7190 180 
NicAFAQUA `- ------------------------—---—-- 40 44 33 Tu 33 
pn EE 145 145 145 145 145 
PAPa@uay — onore hy eU Eu ee aia 36 61 63 7 5 
Peru. eegener ee, i LL (5) (5) 37 r e40 40 
Philippines_________________________________ 59 96 94 73 80 
Poland Ee T5271 "5824 4607 4,476 4,409 
Portugal __________________________________ 288 298 287 276 250 
Romani EE 4,221 4,203 4,125 4,180 4,190 
Saudi Arabia? _______________________________ 165 165 190 230 
South Africa, Republic of (sales) ____________________ 1,897 2,407 2.380 2,232 “2085 
SPAN >= ds Een 173 1,047 1,158 EI ¿200 1,100 
EE T855 820 708 r 6720 720 
Switzerland ______________~_______~_u___~_u Le 17 71 63 51 
E S t comu cr ue a AA 195 219 158 120 *115 
Tanzania sia a A ii a id 7 7 8 8 
TUNISIA == Hat o a a dd led 474 583 514 520 2640 
Turkey Gase A NA 1,100 1,000 1,000 1,100 
Uganda? MESE ENE o el De a ae ee 31 17 1 17 17 
USSR IA AAA IN AA 26,500 27,000 27,600 27,600 28,100 
United Arab Emirates? _________________________ A 449 45 45 
United Kingdom |... LL 2 LLL LLL LLL LL Lll 3,649 3,285  *8310 *3,10 3,310 
United States including Puerto Rico (sold or used by producers) _ 20,983 19,037 18,890 14,112 *14,902 
USUQUBY EE 89 22 *55 15 18 
Venezuela uocum ele eet ee, ha ee NA NA 2 2 
Yugoslavia ce paa li ta a a wy Dh eae iaa 2,647 2,628 2,826 2,984 3,220 
ll E eS on EN 1 1 6 114 115 
EE 276 201 221 204 4213 
A A E "129,665 "129,185 126,875 118,082 119,147 


*Estimated. Preliminary. "Revised. NA Not available. 

¡Table includes data available through June 13, 1984. 

*Lime is produced in many other countries besides those listed. Argentina, China, Iraq, Pakistan, and Syria are among 
the more important countries for which official data are not available. 

‘Data are for years ending June 30 of that stated. 

*Reported figure. 

5Less than 1/2 unit. 
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TECHNOLOGY 


A recently patented lime-slaking system, 
which converted 100% of its pebble quick- 
lime feed into hydrated lime, was success- 
fully tested. It required lower capital in- 
vestment than current systems, was more 
energy efficient, and more responsible. to 
slaking requirements. Key to the process 
was an attrition scrubber that eliminates 
the pulverization of quicklime prior to proc- 
essing and allows a wide variation in parti- 
cle size.? 

The South African Transvaal Roads De- 
partment collaborated with the principal 
South African lime producers in the use of 
quicklime instead of hydrated lime for road 
and highway soil stabilization. Carried out 
on the Piet Retief Mahamba Road, it proved 
that unslaked lime could readily be slaked 
in situ, with significant cost savings and 
improved engineering properties. Signifi- 
cant transportation savings up to 2596 were 
realized. The Roads Department authorized 
the use of quicklime for future road stabili- 
zation use.?° 

Several benefits were associated with 
lime kiln optimization based on oxygen and 
carbon monoxide control. Energy savings 
was the most visible benefit. Oxygen control 
was shown to increase refractory life by 
stabilizing flame temperature, thus moder- 
` ating temperature cycles that fracture re- 


fractories. Shift-to-shift differences in op- 


erating procedures were also reduced. Thus, 
accurate and reliable oxygen and carbon 
monoxide measurements, using an analyzer 
coupled with a distributed control capabili- 
ty to provide quick responses to changing 
process conditions, were found to yield the 
highest possible product quality with mini- 
mum operating and maintenance costs." 

A catalyst that increased by as much as 
50% the rate at which. lime is calcined from 
limestone had been developed by the South- 
east Research Institute of San Antonio, TX. 
The catalyst improved the heat transfer 
during calcining by providing a vehicle for 
the disassociation of calcium carbonate at 
the carbon-oxygen bond.?? 

Polysius Corp. developed a system for 


calcining soft crumbly limestones, dolo- 
mites, magnesites, or other calcium carbon- 
ate fines, to produce quicklime. The Polcal 
system consisted of three preheater cy- 
clones, a calciner with a separator cyclone, 
and a single or multistage cyclone cooler in 
which the pulverized material, or fines, was 
distributed in the airstream and suspended 
in the gaseous combustion calciners using a 
counter-current cyclone system. Energy 
consumption for pure lime qualities averag- 
ed 4.2 million Btu per ton of product. 
Advantages were homogeneous firing for all 
particle size ranges, direct use of moist 
powder feeds, low environmerital impact 
from NO, emissions, and no unusable parti- 
cle sizes from the grinding systems." 

In 1983, 116 flue gas desulfurization units 
were operating at electrical utility, coal- 
fired generating stations. Of these, 53 were 
limestone-based systems, 45 were lime- 
based, and 18 used other processes. In terms 
of the electrical energy generated by these 
units, 53% used limestone, 36% used lime, 
and 11% used other materials to absorb the 
sulfur dioxide in the flue gas.'* 


1Physical scientist, Division of Industrial Minerals. 

2Stonehouse, D. H. 1982 Preprint Chapter on Lime. 
Mineral Policy Sector, Energy, Mines, and Resources, 
Canada, p. 5. 

3Industrial Minerals (London). Industrial Minerals In 
Canada. A Review of Recent Developments. No. 200, May 
1984, pp. 63-125. 

‘Ironman, R. Third Kiln Adds to Lime Output. Rock 
Prod., v. 86, No. 11, Nov. 1983, pp. 43-47. 

SIndustrial Minerals (London). South Africa. Develop- 
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Lithium 


By John E. Ferrell? 


As the world’s largest producer and con- 
sumer of lithium minerals and chemicals, 
the United States remained self-sufficient 
in this commodity and was the world’s larg- 
est exporter. The two U.S. producers re- 
ported increased lithium sales and profits, 
reflecting increased demand for lithium 
carbonate by the aluminum industry.? Im- 
ports were insignificant during the year, 
whereas exports increased about 13% and 
estimated apparent consumption rose 10%. 

The aluminum industry continued to ac- 
count for about one-third of the lithium 
consumed in the United States. In Western 


Europe and Japan, the glass industry was 
probably the largest consumer of lithium. 

Domestic Data Coverage.—Domestic pro- 
duction data for lithium are developed by 
the Bureau of Mines from a voluntary 
survey of U.S. operations. Of the two oper- 
ations to which a survey request was sent, 
both responded, representing 100% of total 
production. However, because of the small 
survey size, production and stock data 
were withheld from publication to avoid 
disclosing individual company proprietary 
data. 


Table 1.—Salient lithium statistics 
(Short tons of contained lithium) 


United States: 


Production © «uncis cl Loth i ee a Me 
Yearend producers’ stocks! _________________.__ 
Imporis a ii tn a eel a 
Shipments of Government stockpile surplus? ________ 


Supply? 3 


“Estimated. 
1Mineral concentrate. 
Chemicals. | 
3Production plus inventory decrease. 


1979 1980 1981 1982 1983 
nu i: W W W W W 
eres W W W W W 
proc de 90 90 150 30 35 
Se EE. ae — "2 1 
Jae 6,300 6,200 6,700 5,000 5,820 
iS 5,600 5,500 5,800 4,300 4,800 
ada 2,400 2,500 2,600 2,300 2,600 
Elbe 3,200 3,000 3,200 2,000 2,200 
E 2,250 2,200 2,200 2,000 2,100 


" Revised. W Withheld to avoid disclosing company proprietary data. 


*A 15% loss was assumed in converting supply from mineral concentrate to the chemical form. Changes in producers’ 
inventories of lithium chemicals were unknown and were assumed to be zero. An estimated 50 short tons of imported 


chemicals are included. 


Legislation and Government Pro- 
grams.—The General Services Administra- 
tion (GSA) reported two sales of lithium 
hydroxide monohydrate (LiOH*H;O) from 
excess stocks in the National Defense Stock- 
pile. The sales totaled 7 short tons of mate- 
rial depleted of lithium 6, at a price of $1.43 


per pound. GSA reported stocks were 15,390 
pounds of virgin material and 39,979 tons of 
depleted material that may contain 8 to 9 
parts per million of mercury. This material 
was excess from a nuclear weapons pro- 


gram. 


575 


576 


MINERALS YEARBOOK, 1983 


DOMESTIC PRODUCTION 


Two companies continued to produce lith- 
ium products in the United States. Foote 
Mineral Co., 87:9% owned by Newmont 
Mining Corp., produced lithium ore from 
pegmatite dikes in North Carolina and 
lithium compounds from subsurface brines 
in Nevada. Lithium Corp. of America (Lith- 
co), owned by Gulf Resources and Chemical 
Corp., produced lithium from pegmatite 
dikes in North Carolina.’ 

Foote Mineral reported total production 
of 11,860 tons of lithium carbonate (Li;CO;) 
equivalent (2,230 tons of contained lithium), 
an increase of 23% over the recession- 
induced production level of 1982. Foote 
Mineral's lithium operations had increased 
profits during 1983 as sales increased 10%, 
reflecting increased demand by the alumi- 
num industry.* Foote Mineral's annual rat- 
ed plant capacity remained at 17,000 tons 


of Li;CO; equivalent. Downstream lithium 
chemicals were produced in Frazer, PA; 
Sunbright, VA; and New Johnsville, TN. 

Lithco reported production of 14,258 tons 
of Li;CO; equivalent (2,680 tons of contained 
lithium), up 33% over that of 1982.5 Contri- 
butions to earnings from lithium operations 
rose more than 40%. Lithco's enhanced 
financial performance was made possible 
chiefly by improvements in the economic 
health of the aluminum and construction 
industries, as well as the continuation of 
growth of high-technology specialty prod- 
ucts. The rated annual mill capacity of 
Lithco's North Carolina plant was 18,000 
tons of LisCO; equivalent. Lithco offered a 
full line of lithium chemicals, metal, and 
related products from its — near Bes- 
semer City, NC. 


CONSUMPTION AND USES 


Estimated domestic consumption of lithi- 
um increased 10% owing to a recovery 
experienced by the principal users—the alu- 
minum, grease, ceramics and glass, and 
synthetic rubber industries. These markets 
were closely aligned with the construction 
and automobile industries. 

Most of the mineral concentrate was con- 
verted to lithium compounds and metal. 
The most widely used compound, Li;CO,;, 
was added to aluminum potlines to reduce 
electricity consumption and fluorine emis- 
sions. It was also used to produce both 
ground-coat and cover-coat frits for vitreous 
enameling of steel. The lithium constituent 
functioned as a flux to lower firing tempera- 
tures and reduce thermal expansion to ex- 
tend the life of the enamel coating. 

The second most widely used lithium 
compound, LiOH*H;O, was used to manu- 
facture lithium grease, which withstands 
temperature extremes better than most oth- 
er greases. Less widely consumed lithium 
compounds included lithium bromide, 
which was used in absorption refrigeration 
air conditioning systems; lithium chloride, 
which was valued as a dehumidifying agent; 
and lithium hypochlorite, which served as a 
sanitizer for swimming pools. Alkyllithium 


compounds, principally  n-butyllithium, 
were used in synthetic rubber manufactur- 
ing. 


Lithium metal for lithium batteries con- 
tinued as a relatively small, but growing 


market. Disk film cameras contained a 
lithium battery as an integral part of the 
camera to provide twice the service life of 
typical alkaline cells and higher energy 
density and greater resistance to extremes 
of heat and cold. Disposable lithium batter- 
ies, which offer high energy density and 
long life, found application in calculators, 
flashlights, pacemakers, and memory cir- 

cuits. | 

The growth in use of the lithium batteries 
has been bolstered by their military applica- 
tions. The U.S. Air Force's Minuteman 
Intercontinental Ballistic Missile Program 
added a lithium-thionyl-chloride primary 
battery system to the Minuteman silos as a 
backup power supply should commercially 
available power fail. An Air Force repre- 
sentative estimated that 27 tons of lithium 
metal was required for these batteries. The 
new Peacekeeper missile system planned by 
the Air Force was designed to use an 
identical battery system. 

Some mineral concentrate, possibly as 
much as 10% of total production, was used 
directly by the glass and ceramics industry. 
In this application, lithium acts as a power- 
ful fluxing agent. In addition, use of lithium 
instead of soda or potash imparts a greater 
chemical durability and thermal shock re- 
sistance to the finished material. Because of 
these intrinsic qualities, lithium mineral 
concentrate was preferred as a significant 


ingredient in glass material for the manu- 


facture 


With 


lithium metal price, 
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beam headlights and in ceramic material 


of cathode ray tubes and sealed- for heat-resistant cookware. 


PRICES 


the exception of the battery-grade rial prices increased moderately or were 
which increased unchanged. 


21% during the year, most lithium mate- 


Table 2.—Domestic yearend producers’ prices of lithium and lithium compounds 


(Dollars per pound) 
1982 1988 
Lithium bromide, 54% brine: 2,268-pound lots, delivered in drums ---------------------- 8.68 8.79 
Lithium carbonate, technical: Truck load lots, delivered... 2222222222222 2222222 1.41 1.48 
Lithium chloride, anhydrous, technical: Truck load lots, delivered ------o-ooococooooooo... 79.15 8.15 
Lithium fluoride EE MER COP 4.50 4.12 
Lithium hydroxide monohydrate: Truck load lots, delivered 2222-2... 1.84 1.98 
Lithium metal ingot, patrery grace: 1,000-pound lots, fo.b _-o-o-oooooocoooooooooooooo-- 28.70 84.65 
Lithium metal ingot, standard-grade: 1 poundlots [OD oc ete Se ee oe m eem es 20.65 21.70 
Lithium sulfate, anhydrous = - - - - - - cee - -= eek eck eee a — 2.64 8.64 
N-butyllithium in n-hexane (15%): 8,000-pound lots, delivered 2222222 -2.- 1275 18.89 


T Revised. 


Lithium carbonate exports increased 6396 
in response to an economic turnaround in 
the aluminum, glass, and ceramics indus- 
tries. Lithium hydroxide exports increased 


9%. 


China continued as the leading exporter 


FOREIGN TRADE 


although total U.S. imports were relatively 
minor compared with exports. Small ship- 
ments of spodumene concentrate from 
Australia had been reported since Green- 
bushes Tin Ltd. opened its quarry in the 
spodumene belt in 1982. 


of lithium compounds to the United States, 


Table 3.—U.S. exports of lithium chemicals, by compound and country 


See footnote at end of table. 


1982 1983 
Compound and country Gross Gross 
weight Value weight Value 
(pounds) (pounds) 
Lithium carbonate:! 
Argentina. asa a ee BS a 247,480 $352,402 262,587 $377,817 
1 AAA EE 55,050 ; 686,852 1,113,583 
Canada ozono is LL 602,715 859,831 1,890,333 2,889,872 
Germany, Federal Republic of .... 6,181,611 7,064,153 6,204,129 7,429,436 
apa Se ea me ee ee ee ee 2,343,220 3,019,904 4,510,594 6,064,719 
E AE 84,675 121,977 297,602 483,095 
NethérlündB. - - - - - —- - ---------—-------—--——- 119,600 165,088 950,738 1,199,088 
South Africa, Republic of ---------------------- ,623 58,435 81,125 109,121 
United Kingdom .. 2.22.2222 2222-2 132,208 148,424 88,609 204,159 
Venezuela. os a E ue ia 1,083,445 1,608,957 2,066,068 3,008,491 
OUND OF xs A es pe oe tes 20,007 33,470 740,497 1,073,539 
Total. cs So ee a iu Eit 10,909,634 138,506,104 17,779,134 23,952,920 
Lithium hydroxide: 

Argentina NAAA A 107,247 206,877 143,085 256,062 
Australla 2 tone a it c 89,600 166,660 E x 
TE WEE 15,400 25,564 SE 
Eelere a o ia dee 439,699 834,632 693,930 1,226,102 
Cañada: ca is a ee 108,423 151,442 ,000 45,540 
Chile; D c o Lc sio ls ao os LS o 16,520 28,051 211,179 395,980 
Colombla: «nuu ee a ud 39,950 72,096 72,955 133,091 

France: A A eee 261,334 395,224 122,720 227,78 
Germany, Federal Republic of _______________--__ 854,688 1,344,064 597,592 1,044,745 
KT TEE 118,607 03,297 120,028 196,941 
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Table 3.—U.S. exports of lithium chemicals, by compound and country —Continued 


Compound and country 


Lithium hydroxide —Continued 


Korea. Republic of 
Netherlands 
P 


Singapore 


United Kingdom. -----------------------————- 


Venezuela 


Other: 


Argéntina ies tr iS ie e ecu i 
Australia SEES ORE ON OCUPA 


France emer en a I Lc oh 


ka Repüblicof o otium A 


Mexico 


(SCH eh EE Ee 
ei Uli EE EE 
South Africa, Republic of _-.________________--__ 
SPOS EE A oo nee cee: 
Switzerland `. ____________~________-~____ 
Taiwan. -=a Sec uec e NS e 
Türkey nso A MR rcr a 
United Kingdom ____________________~--~-~_~- 
Venezuela lem td e Ne Be I lets 
Other eanan A eye Sah et one a 


Mèrit =a EE 


PID DINGS AMA ee tele ot ea LE iE 


South Africa, Republic of ---------------------- 


| 1982 
Gross 
weight Value 

(poun 
100,000 $206,456 
60,391 100,266 
220 3,240 
807,610 1,404,672 
33,000 58,276 
61,823 104,675 
356,972 631,626 
316,729 525,030 
61,600 109,032 
81,200 143,918 
103,241 175,253 
234,471 384,813 
149,600 230,536 
644,873 1,090,531 
44,000 ,903 
142,888 266,309 
5,250,086 8,931,443 
52,950 80,918 
511,706 147,069 
12,214 48,229 
266,594 599,360 
1,192,440 1,900,647 
12,835 39,188 
54,459 148,996 
1,669,517 1,894,869 
04,884 67,627 
3,967 40,998 
33,805 155,622 
2,769,895 3,924,604 
366,685 806,083 
44,000 53,240 
49,116 48,515 
29,372 61,855 
15,969 25,818 
45,191 57,224 
43,319 99,097 
66,282 96,134 
40,311 53,173 
1,039,563 1,784,818 
125,964 97,977 
86,999 158,902 
8,738,037 12,790,963 


1Before 1982, lithium carbonate exports were included with “Other lithium compounds.” 


Source: U.S. Department of Commerce, Bureau of the Census. 


1983 
Gross 
weight Value 
(pounds) 

60,000 $126,985 

24,918 ; 
95,700 169,180 
1,053,928 1,873,493 
81,877 148,847 
106,368 188,842 
544,017 916,608 
197,800 349,001 
57,283 101,298 
115,145 199,918 
,600 125,136 
26,129 71,820 
996,927 1,731,709 
88,300 155, 879 
205, 310 429, 7156 
5,719,391 10,158,803 
5,327 8,630 
127,818 182,380 
5,071 13,845 
625,280 1,465,696 
611,419 297,285 
147 1,089 
19,871 65,207 
12,008 31,990 
118,908 184,246 
5,665 21,226 
15,644 103,002 
23,252 47,884 
793,757 1,167,463 

918 12, 
93,543 239,046 
69,473 98,991 
31,250 44,095 
4,030 7,819 
44,822 47,250 
15 660 
16,797 200,321 
168,663 283,951 
7,576 7,939 
1,098,433 2,020,004 
283,104 411, 809 
87,064 218, 582 
4,211,155 8,182,610 


Table 4.—U.S. imports for consumption of lithium-bearing materials, by commodity and 


Commodity and country 


Lithium ores: 
Australia... 22 -— 


Algeria. unl Uem 


See footnotes at end of table. 


Gross 
weight 
(pounds) 


12,181 
12,423 
4,409 


29,013 


350 
3,175 


Value 
(thousands) 


C.i.f. 


CO kA 


Gross 
weight 
(pounds) 


1983 


Value 
(thousands) 


Customs 


C.i.f. 
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Table 4.—U.S. imports for consumption of lithium-bearing materials, by commodity and 
country —Continued 


1982 1983 
Commodity and country Gross value Gross wae 
weight (thousands) weight (thousands) 
(pounds) Customs C.i.f. (pounds) Customs C.i.f. 
Lithium compounds —Continued 
Canada LR. 3,015 $3 $3 3,005 $5 $5 
hiliB-co o uncus n 238,043 306 334 328,485 458 502 
Denmark. —_—--------—— 61 4 4 18 1 1 
France o _ 257 12 12 6,972 1,228 1,233 
Germany, Federal Republic of _ _ 19,190 156 165 36,455 164 170 
Japan is nie i EL 161 23 24 321 19 20 
Netherlands... . . 73 6 6 2 1 1 
Switzerland |... - 551 1 1 571 1 1 
United Kingdom __________ 630 8 9 1,759 44 46 
Total? |. = 265,506 529 568 377,588 1,920 1,978 
Lithium salts: 
Germany, Federal Republic of _ _ 67 8 8 2,354 5 5 
United Kingdom __________ 191 2 2 2 (1) (2) 
Otal. nn aos tee 258 10 10 2,356 6 6 
Lithium metal: 
Germany, Federal Republic of _ _ 11 2 2 1,228 9 9 
SADA 2 des ers. mes nue uS 1,281 24 24 
Totali. cc 11 2 2 2,509 33 33 


1Less than 1/2 unit. 


2Data may not add to totals shown because of independent rounding. 


Source: U.S. Department of Commerce, Bureau of the Census. 


WORLD REVIEW 


The U.S.S.R. was the world’s second larg- 
est producer of lithium minerals, although 
published production data were scant. The 
United States continued to supply about 
three-fourths of lithium demand in nonpro- 
ducing countries; the remainder was sup- 
plied by the U.S.S.R. and China in the form 
of lithium chemicals and by Zimbabwe and 
Australia as mineral concentrate. Brazil, 
Portugal, and Argentina produced primari- 
ly for internal consumption. The Federal 
Republic of Germany and Japan were large 
importers of lithium chemicals, primarily 
LizCOz, which they used dimestically or 
converted to downstream chemicals for re- 
sale to their export markets. 

Australia.—In 1982, Greenbushes opened 
a lithium quarry in the spodumene zone 
within the main pegmatite ore body and 


mined approximately 55,000 tons of pri- 


mary spodumene ore.5 The first 2,200 tons 
of spodumene concentrate, assaying 7.2% 
lithia (LizO), was shipped to Europe in 
August 1983. The production facilities were 


being upgraded to a spodumene concentrate 
capacity of 16,500 tons per year. Green- 
bushes reported proven lithium ore reserves 
of 25.7 million tons with an average grade of 
2.5% LO and probable reserves of 11.2 
million tons containing 2.6% Li;O. 

Chile.—At yearend, the Sociedad Chilena 
de Litio Ltda. (SCL) completed construction 
of its 14-million-pound-per-year lithium car- 
bonate plant near the Salar de Atacama. 
Foote Mineral Co. anticipated that 6 
million pounds of lithium carbonate would 
be produced in 1984 and 14 million pounds 
in 1985. The estimated capital cost of the 
project had been reduced from the initial 
estimate of $61 million to $48 million, pri- 
marily because of devaluation of the Chil- 
ean peso. Total Salar de Atacama reserves 
were estimated at 1.3 million tons of lithi- 
um equivalent. SCL was a limited partner- 
ship owned 55% by Foote Mineral and 45% 
by the Chilean Government's development 
company, Corporación de Fomento de la 
Producción.” 
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Table 5.—Lithium minerals: World production, by country! 


(Short tons) 
Country? 1979 1980 1981 1982P 1983* 

Argentina (minerals not specified) |... - ---------- 117 88 28 125 180 
Australia, spodumene?.... pP ond yA EM 90 2,200 
Brazil: 

Amblygonite - - -- ---------------------—- 206 201 305 €220 220 

Lepidolite 2 2 22222 LLL LLL ooo 2n 64 56 2 e55 55 

EE 1,655 2,741 2,298 92,160 2,760 

Spodumene. - ~- - -- ---------------------- ae 108 268 2220 
China (minerals not specified)? *_______________.__ 11,000 715,400 715,400 715,400 15,400 
Namibia (minerals not specified) - - - - -- ----------- NA NA 1,892 1,091 1,100 
Portugal, lepidolite? ~-...-_-___________________ 1,100 1,100 990 880 770 
Rwanda, amblygonite? - - --------------------- 81 83 28 (4) SC 
U.S.S.R. (minerals not specified)? ? ____________._._. 55,000 60,600 "60,600 60,600 60,600 
United States, spodumene--oooocoocoocooooooooo-- W W W 
Zimbabwe (minerals not specified) -_____--------... 14,547 21,982 18,126 10,788 5,500 


i Estimated. Preliminary. "Revised. NA Not available. W Withheld to avoid disclosing company proprietary 
t 


ata. 
1Table includes data available through May 2, 1984. 
?In addition to the countries listed, other nations may produce small quantities of lithium minerals, but output is not 
reported, and no valid basis is avallable for estimating production levels. 
These estimates denote only an approximate order of magnitude; no basis for more exacting estimates is available. 
Output Dy china and the U.S.S.R. have never been reported. 
v to zero. 


TECHNOLOGY 


Aluminum-lithium alloys under develop- 
ment for the aircraft industry were ex- 
pected to become available in commercial 
quantities. In the short term, these alloys, 
which contain 2% to 3% lithium, could be 
expected to develop into a significant lithi- 
um end use. The Aluminum Co. of America 
(Alcoa), which developed three of these 
alloys, called Alithalite, estimated that 
costs could exceed $50 million for develop- 
ing the alloys and their manųfacturing 
processes and building casting facilities. 
Alcoa reported that the alloys were ex- 
pected to reduce conventional airframe 
weight by 10% to 15%, saving up to 6 metric 
tons for a large commercial aircraft.® 

Martin Marietta Corp. was planning to 
begin casting in 1984 aluminum-lithium 
structural components for Boeing Commer- 
cial Aircraft Co. and other commercial air- 


craft companies. Annual production capaci- 
ty of these components was to be 2 million 
pounds.’ 

British Alcan Corp. was preparing to 
supply annually between 2,000 and 4,000 
metric tons of aluminum-lithium alloys 
from a new pilot plant that was expected to 
start producing larger castings and slabs in 
the spring of 1985.?° . 


¡Physical scientist, Division of Industrial Minerals. 

2See 1983 10-K reports for Gulf Resources and Chemical 
Corp. and Newmont Mining Corp. 

"Work cited in footnote 2. 

*Work cited in footnote 2. 

"Work cited in footnote 2. 

“Greenbushes Tin Ltd. 1983 Annual Report. P. 4. 

"Work cited in footnote 2. 

SAluminum Co. of America. 1983 Annual Report. 
Pp-10-11. | 

%American Metal Market. Metalworking News. Aero- 
space Metals and Machines Today. Mar. 19, 1984, p. 13A. 

10Page 14A of work cited in footnote 9. 


Magnesium 


By Langtry E. Lynd! 


An increase in domestic primary magne- 
sium metal production and consumption 
resulted mainly from an increase in de- 
mand for aluminum alloys, its major use. 

Domestic Data Coverage.—Domestic con- 
sumption data for magnesium metal are 
developed by the Bureau of Mines from a 


voluntary domestic survey. Of the 172 oper- 
ations to which a survey request was sent, 
62% responded, representing an estimated 
68% of the total consumption shown in 
tables 1 and 3. Consumption by the 63 
nonrespondents was estimated using re- 
ported prior year consumption levels. 


Table 1.—Salient magnesium statistics 
(Short tons unless otherwise specified) 


1979 

United States: 

Production: 
Primary magnesium .. 1162,464 
Secondary magnesium .. 37,222 
Export WEE 54,280 
Imports for consumption. _-____-_- 4,754 
Consumption- _____________ _ 108,844 
Price per pound _____________ $1.01-$1.09 
World: Primary production |... 1338,850 


“Estimated. Preliminary. ‘Revised. 


1980 1981 1982 1983 
1169,477 153,782 102,197 115,431 
40,461 46,256 43,232 46,329 
56,761 4,855 39,613 6,690 
3,157 Geert? 4,784 6,350 
95,788 1,461 14,599 81,976 
$1.07-$1.25 $1. 2551 34 $1.34 $1.38 
"348,440 336,454 P272,660 €291,323 


1 Derived figure; United States procu pice is not officially reported by the Bureau of Mines for 1979-80 in order to avoid 


disclosing company propri etary data; fi 
American production repo by the 
Energy, Mines and Resources Canada. 


res reported for those years represent the differences between total North 
nternational Magnesium Association and Canadian production reported by 


DOMESTIC PRODUCTION 


The decline in production that began in 
1981 was reversed in 1983 as recovery in the 
U.S. economy got underway. Production 
was about 60% of domestic installed produc- 
tion capacity. Three companies produced 
magnesium metal: The Dow Chemical Co., 
Freeport, TX; AMAX Magnesium Corp., 
Rowley, UT; and Northwest Alloys Inc., a 
subsidiary of Aluminum Co. of America, 
Addy, WA. The first two companies process- 
ed natural brines to magnesium chloride to 
provide feed material for electrolysis to 
pure magnesium metal. Northwest Alloys 
produced metal from dolomite using the 
silicothermic technique. The producers 
were operating at 50% to 67% of capacity 
during the first half of the year, increasing 


their operating rates to 65% to 90% by 
yearend as demand improved. 

Chicago White Metal Castings Inc., Ben- 
senville, IL, and Spartan Aluminum Prod- 
ucts Inc., Sparta, IL, were each planning to 
install two additional 300-ton hot-chamber 
magnesium diecasting.machines in 1983. 

In February, Reactive Metals & Alloys 
Corp. (REMACOR) purchased Reade Manu- 
facturing Co. Inc., Lakehurst, NJ, a major 
producer of magnesium granules, chips, and 


powders. REMACOR was involved in steel 


desulfurization. Magnesium demand for 
steel desulfurization was estimated to be 
6,000 short tons, with a potential of about 
30,000 tons per year. 
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Table 2.—Magnesium recovered from scrap processed in the United States, 
by kind of scrap and form of recovery 


(Short tons) 
1979 1980 1981 1982 1983 
KIND OF SCRAP 
New scrap: 
Magnesium-base ee 5,025 5,929 2,833 2,455 2,873 
Aluminum-base ooo 18,315 16,978 19,240 17,346 18,718 
LOA CE 23,340 22,907 22,073 19,801 21,591 
Old scrap: 
Magnesium-base _______________~_______~__-_- 4,778 5,275 5,593 5,314 5,811 
Aluminum-base - - ---------------—--—------——- 9,104 12,279 18,590 18,117 19,427 
OCA ita so DAR ey 13,882 17,554 24,183 23,431 24,738 
Grand total occum eee 37,222 40,461 46,256 43,232 46,329 
FORM OF RECOVERY 
Magnesium alloy ingot? ______________o ooo 3,739 4,205 4,230 4,228 4,232 
Magnesium alloy castings (gross weight) -______________ 790 836 806 746 952 
Magnesium alloy shapes. - - -- - -----------------——- 2,176 3,144 13 See en 
Aluminum alloys _____._.___ ~~ ---~-~~_~--~-~-_- 28,857 29,612 38,755 36,587 39,451 
Zinc and other alloys — - - - - - - - ----------—----—--——- 13 13 9 11 20 
Chemical and other dissipative uses_ - - - - - - ---------—- 47 9 55 3 4 
Cathodic protection. ______~______~______ 22222222 1,600 2,642 2,388 1,657 1,670 
Total on id o 37,222 40,461 46,256 43,232 46,329 


Includes secondary magnesium content of both secondary and primary alloy ingot. 


CONSUMPTION AND USES 


The upturn in magnesium metal con- 
sumption was attributed mainly to increas- 
ed use in aluminum alloys, but steel desul- 
furization was probably the fastest growing 
use. Demand for magnesium diecastings 
was expected to increase in 1984 because of 


their expanded use in automobiles and oth- 
er applications, as a result of a narrowing of 
the magnesium-aluminum price ratio to 
about 1.5, considered to be a critical point 
for magnesium to become a cost-effective 
substitute for aluminum. 


Table 3.—Consumption of primary magnesium in the United States, by use 


(Short tons) 
Use 1979 1980 1981 1982 1983 
For structural products: 
astings: 
Die. O tes 5,182 3,190 2,812 1,600 1,937 
Permanent mold- 2c 2c - 1,069 922 917 663 16 
ME Mor ceo Co HEC Eno CMT 1,209 1,735 1,222 1,337 1,388 
Wrought products: 
` Extrusions -—-----------------——---————- 6,420 6,855 5,186 7,059 7,093 
Sheet and plate ------------------------—- 4,925 4,704 4,547 2,981 4,313 
Other (includes forgings) - - - - - - - ------------—- 217 6l 43 29 
Total ie sae ek ae ee ae LE 19,022 17,467 15,327 13,728 14,776 
For LAE or sacrificial purposes: m 
OyS: 

AMD NEE 60,549 54,490 50,518 39,878 46,026 
Copper AI eh er oe IA 6 4 
A uU UA dices Ree tg 15 11 9 3 3 
Other o a i ee a eee i c n Es 7 3 ae 
Cathodic protection (anodes) _—------------------- 6,769 3,930 6,449 5,964 5,686 
Chemicals EE 9,044 6,278 5,315 4,823 5,664 
Nodular iron- <= - - - ------------------------ 4,335 4,176 3,755 2,541 2,200 

Reducing agent for titanium, zirconium, hafnium, uranium, 
AN oe Bas ra e cie Aem 7,435 7,957 9,071 5,901 4,711 
Other att ii A ro cto as ac a de 1,658 1,466 1,005 1,751 2,906 
Total sm a a ee 89,822 78,321 76,134 60,871 67,200 
Grand total. a eee de E 108,844 95,788 91,461 74,599 81,976 


1Includes scavenger, deoxidizer, and powder. 
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STOCKS 


Consumer stocks of primary magnesium 
ingot increased from 10,268 tons at yearend 
1982 to 11,329 tons at yearend 1983; magne- 


sium alloy ingot stocks declined from 705 
tons at the beginning of the year to 551 tons 
at yearend. 


Table 4.—Stocks and consumption of new and old magnesium scrap in the United States 


(Short tons) 
Stocks Consumption M 
Jan.1 Receipts ` New Old mota]  Dec.31 
scrap scrap 

1982: 
Cast scrap EEN 1,459 6,336 376 5,846 6,222 1,573 
Solid wrought scrap! _________________~- 28 164 169 SÉ? 169 23 
1 o as ete E Le cM EU 1,487 1,100 1,145 5,846 6,991 1,596 

1983: 
Cast SCrap? um once. a AE tie 1,573 6,065 412 5,836 6,248 1,390 
Solid wrought scrap? _____________ 23 846 824 zm 824 45 
Totals innu unto tes e la eise roo a 1,596 6,911 1,236 5,836 7,072 1,435 


1Includes borings, turnings, drosses, etc. 


PRICES 


The quoted prices of magnesium metal 
and magnesium diecasting alloy began the 
year at $1.34 and $1.21 per pound, respec- 
tively. The price of magnesium metal was 
increased to $1.38 in the second quarter, 
and that of diecasting alloy to $1.23 per 
pound in the third quarter. In December, 


Dow and AMAX Inc. announced increases 
in their primary metal price to $1.43 per 
pound, effective in mid-December for spot 
customers and on January 3, 1984, for 
contract customers. Dow increased its price 
for diecasting alloy to $1.28 per pound, 
effective on the same dates. 


FOREIGN TRADE 


All categories of exports, except semifab- 
ricated forms, increased significantly in 
quantity and value. Large quantities of 
metal were exported to industrialized na- 


tions, especially those producing aluminum. 
All categories of imports of magnesium 

increased, particularly alloys, imports of 

which were more than double those of 1982. 


Table 5.—U.S. exports and imports for consumption of magnesium 


EXPORTS 
Metals and alloys Semifabricated 
Year Waste and scrap in crude form forms, n.e.c. 
Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
AA e 261 $689 32,910 $81,116 1,684 $9,048 
¿IA A EE 149 349 37,281 92,554 2,183 11,942 
1083) A EE E 638 1,681 43,992 111,988 2,060 11,045 
IMPORTS 
i ee eebe 
oys tubing, ribbons, 
wane ane Metal (magnesium wire, other forms 
P content) (magnesium 
content) 
Quantity Value Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
TOBY ie So ee eee BS E 3,225 $3,338 2,897 $6,844 625 $2,652 150 $4,804 
1982 ee Ste eebe Se 1,873 2,019 1,779 3,713 955 3,889 177 5,982 
LEES 1,935 2,537 2,034 4,637 2,143 6,151 238 2,939 
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Table 6.—U.S. exports of magnesium, by country 


Semifabricated forms, 
Waste and scrap Mauer de n.e.c., including 
Country powder 
Quantity Value Quantity Value Quantity Value 
(short tons) (thousands) (shorttons) (thousands) (shorttons) (thousands) 
1982 
Argentina ---------------- -— E 215 56 321 $731 
Australia. ________________ Sc d 1,686 3,862 276 1,141 
Austria _-_____________- PR pam 72 9 
Belgium-Luxembourg `... 2. s 1 10 8 125 
Braz mco een ES 2,976 6,955 39 107 
CAnsada oo sii ta 144 $337 2,543 6,034 226 927 
Colombia_ ---------------- SE Sie 10 40 
France coi o a a rica eg m 58 152 23 468 
Germany, Federal Republic of _ _ _ _ a M 681 1,617 44 495 
NOIA m mec fea E 177 37 7 21 
Tate) EE ts có E e s Se 204 1,191 
UX LEE es E 378 175 ; 
Japan 22-2 eue M Res 10,787 21,546 97 134 
Korea, Republic of - - --------- Ss are 459 31 48 
exico _________________L = re 2,423 5,824 186 1,105 
Netherlands. _____________~- SE m 12,996 39,893 23 
New Zealand `. DCH SEN 142 239 2 38 
OFWBV- ois oo A m ew 47 144 3 43 
Saudi degen EE Gë Sie, 883 954 95 345 
Singapore _____________--_- sos SEH 40 85 45 293 
South A Africa, Republic of. Bn zs 394 929 76 294 
SPAN: csl Ger dl o la co bs 81 231 28 119 
Sweden________________-- mnt EM ae 3 29 
Taiwan _______.______ _ _-- es a 101 248 5 T8 
United Kingdom `. e x 219 175 120 1,200 
Venezuela ---------------- EON m 44 109 13 
PGE ovn on mar cR EE 5 12 470 1,082 114 832 
Tota): a E 149 349 37,281 92,554 2,183 11,942 
1983 
Argentina - ae a 471 1,020 25 82 
Australia oo — z 2,838 6,589 504 1,884 
Austria __---------------- Ge "m 495 5 67 
Belgium-Luxembourg --------- 11 M ae 7 9 
A AAA SH 4,667 11,298 38 102 
Canada. _ 283 652 4,055 10,183 217 1,031 
hinB rs AS an NUN 1,105 2,960 ix EEN 
Colombia- _______________-_ M et 32 87 44 128 
France 2.02.22 2 oe Sowa 11 1 2 25 524 
Germany, Federal Republic of _ _ _ _ 222 518 86 270 33 362 
India EE 9 17 34 T2 13 71 
1 7: =) | ee conc pe a to beds "t 6 28 155 829 
AA en et Ges T 108 111 950 
Japana uut pt See e o. s 12,758 28,294 67 508 
Korea, Republic of - ---------- Ge E 8 23 72 
CH e A 12 22 2,187 5,267 236 751 
Netherlands. _____________~- Sie ER 14,029 40,668 51 551 
New Zealand ` ........... te e 74 2 30 
Norway- ---------------—- Se ae 172 1,290 4 55 
Saudi Arabia ---_-_-___--_-.-_.._ = 2 8 84 191 
Singapore _______________-_ 34 321 87 190 16 31 
South A Africa, Republic of ------- ee Mus 605 1,277 41 204 
Spain -----------------—- aes EH Se Së 7 107 
Sweden... ae i 5 7 12 100 
KREE 20 41 139 313 15 43 
United Kingdom `. 36 58 51 200 118 1,286 
Venezuela _______________- Ke Les esta ses 14 
Other «sm decern (!) 7 88 468 206 975 
Total ss cinco edo 638 1,681 43,992 111,988 2,060 11,045 
¡Less than 1/2 unit. 
WORLD REVIEW 


Primary world production of magnesium Co., announced that it was close to reaching 
increased in 1983 as a result of the improve- an agreement to build a 110,000-ton-per- 
ment in world economic conditions. 

Canada.—The Mineral Processing Li- Alberta. MPLC developed technology for 
censing Corp. (MPLO), which purchased the the conversion of coarsely ground magne- 
assets of the former American Magnesium site in one step to magnesium chloride for 


year magnesium plant in the Province of 
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electrolytic cell feed material that is then 
converted to metal. Implementation of this 
project would raise North American metal 
production capacity to about 300,000 tons 
when completed. 

Alcan Aluminum Ltd. announced it 
purchased a 20.5% share of Haley Indus- 
tries Ltd., a maker of magnesium and alu- 
minum castings for the aerospace industry, 
for about $5.3 million. The purchase makes 
Alcan Haley’s largest stockholder. 

India.—India’s first magnesium metal 
plant was being set up by the state-owned 
Tamil Nadu Industrial Development Corp. 
at Valinokkam in the Ramanathapuram 
district. The $6 million, 660-ton-per-year 
plant was expected to be operating by year- 
end 1985. 

In 1983, Duncans Agro Industries Ltd. 
was granted Government of India clearance 
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to proceed with plans to build a $50 million 
plant to produce magnesium and chemicals 
from seawater. The plant was to be located 
at Srikakulam in Andhra Pradesh, with a 
production capacity of 75,000 tons per year. 

Norway.—Norsk Hydro AS carried out a 
modernization program at its Heroya, Nor- 
way, plant including rebuilding of electroly- 
sis facilities. Completion of the program will 
facilitate future capacity expansion but pre- 
vented full utilization of Norsk’s 50,000-ton- 
per-year capacity in 1983. Norsk also enter- 
ed into an agreement with Elf Aquitaine 
Norway and AS Kongsberg Vaapenfabrikk 
to develop casting technology for magne- 
sium alloy automotive wheels. This use of 
the metal could add as much as 40 pounds of 
magnesium per automobile. 


! Physical scientist, Division of Nonferrous Metals. 


Table 7.—Magnesium: World primary production, by country! 


(Short tons) 

Country 1979 1980 1981 1982P 1983* 
Canada. ir a Ee c EL LU E pas 9.937 10,199 9.370 r €5 600 8,600 
China m A CNA 6,600 7,700 7,700 7,700 7,700 
E ep pence yeh as Gon ee AN 9 968 10,282 8,006 10,593 10,470 
¡A EES (2) 2 (2) (3) e 
lacta nen ERA Lm 9.653 8,693 8,623 8,466 8,490 
A A 12,531 10,199 6,247 6,123 36,652 
Norway ____________________________- 48,697 48,890 52,472 38,581 38,580 
EIERE S ore e do Ad de LE 19,000 83,000 86,000 89,000 91,000 
United States__________________________ 1162,64 71169,4717 153,782 102,197 . 3115431 
Yugoslavia ___________________________ MS M 4,254 €4 400 4,400 
Tola o ri ts a ia da oi at Lor r338,850 "348,440 336,454 272,660 291,323 

“Estimated. Preliminary. "Revised. 


1Table includes data available through May 23, 1984. 
2Revised to zero. 
Reported figure. 


‘Derived figure; U.S. production is not officially reported by the Bureau of Mines for 1979-80 in order to avoid disclosing 
company proprietary data; figures reported for those years represent the difference between total North American 
production reported by the International Magnesium Association and Canadian production reported by Energy, Mines 


and Resources Canada. 


Table 8.—Magnesium: World secondary production, by country! 


(Short tons) 
Country 1979 1980 1981 1982 1983° 
Germany, Federal Republic of... (2) (2) (2) (2) Ge 
TE 18,058 "26,314 31,345 €24,000 13,890 
IA IN A 8,000 8,000 9,000 9,000 9,000 
United Kingdom... ooo €3,000 €3,000 2,094 1,938 1,980 
United States________________-____-- 37,222 40,461 46,256 . 43,232 346,329 
Total ee em LI LLL a 66,280 77,775 88,695 78,170 71,199 
“Estimated. Preliminary. ‘Revised. 


1Table includes data available through May 23, 1984. 
?Revised to zero. 
*Reported figure. 
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Magnesium Compounds 


By W. Timothy Adams! 


Magnesium compounds shipped and used 
in the United States increased from those of 
1982. Magnesium oxide and other com- 
pounds were produced from seawater by 
seven companies in California, Delaware, 
Florida, New Jersey, and Texas; by three 
companies from well brines in Michigan; 
and by two companies from lake brines in 
Utah. Magnesite was mined by one compa- 
ny in Nevada, and olivine by two companies 
in North Carolina and Washington. Three 
companies accounted for almost 80% of the 
magnesia production. Three-fourths of the 
consumption of magnesium compounds was 
for the production of basic refractories used 
in high temperature metallurgical furnaces 
for making products such as iron and steel. 


The remainder was used to prepare caustic- 
calcined and specified magnesias and other 
magnesium compounds. 

Domestic Data Coverage.—Domestic da- 
ta for magnesium compounds shipped and 
used were developed by the Bureau of 
Mines from a voluntary survey of US 
operations entitled "Magnesium Com- 
pounds.” Of the 19 operations to which a 
survey request was sent, 42% responded, 
representing an estimated 53% of the total 
magnesium compounds shipped and used 
shown in table 3. Data for the 11 nonre- 
spondents was estimated using prior year 
production levels adjusted by trends in em- 
ployment and other factors. 


Table 1.—Salient magnesium compound statistics 
(Thousand short tons and thousand dollars) 


United States: 
omens and s weer magnesias:! 
a eet e pr 


Exports: Value? 


Refractory magnes 
Sold and used by producers: 
ti 


Exports: Value i _______e 
Imports for consumption: Value _________.__._ 


Dead-burned dolomite: 
Sold and used by producers: 


Sieg ee EE Ee 


Bi 


“Estimated. Preliminary. 


Imports for EES Value ___---------- 


1979 1980 1981 1982 1983 
ve 164 157 160 148 160 
-- $50,047 $51,282 $58,420 $56,363 $57,882 
-— $16,483 $17,692 $14,559 $10,925 $8,426 
€ $1,169 $2,122 $2,177 $2,055 $5,476 
A 847 731 616 453 466 
-- $125,289 $162,697 $146,903 $112,101 $99,782 
RE $8,183 $13,279 $4,727 $2,721 $1,955 
-- $13,546 $16,672 $22,990 $14,162 $11,495 
a2 793 494 435 NA NA 
-- $41,676 $28,308 $23,789 NA NA 
ja "12,004 "12,762 12,277 P12,119 “12,103 


Revised. NA Not available. 


1Excludes caustic-calcined magnesia used in production of refractory magnesia. 


2Caustic-calcined magnesia only. 


587 


588 


MINERALS YEARBOOK, 1983 


DOMESTIC PRODUCTION 


The major source of domestic magnesia 
refractory compounds continued to be syn- 
thetic magnesia that was derived from nat- 
ural brine solutions found in seawater, lake 
brines, and well brines. The Harbison- 
Walker Refractories Co. seawater plant, 
located in New Jersey, with a capacity of 
100,000 short tons was closed in October 


1983. Magnesium compounds were also pro- 


duced from natural magnesite mined in 
Nevada. Olivine was produced from deposits 
in North Carolina and Washington. Olivine 
was ground to various grades for consump- 
tion by the foundry, steel, and refractory 
industries. 


Table 2.—Current magnesium compound producers, by raw material source, 
location, and production capacity 


Capaci 
Raw material source and producing company Location d rt to 
equivalent) 
Magnesite: Basic Inc _-_____-__- iio Gabbs, NV _______~-----_ 150,000 
Lake brines: 
Great Salt Lake Minerals € Chemicals Corp- - - -------- den, UT conoces . . 100,000 
Kaiser Aluminum € Chemical Corp... endover, UT _______._._._.-_ ,000 
Well brines: 
The Dow Chemical Co -----------------------—- Ludington, MI |... .......- 300,000 
Boss ocu eR ud C Midland, MI .. .......-..- 75,000 
Martin Marietta Chemicals... 2. --------—- istee, MI. ____-________ 350,000 
Morton Chemical Co... sys OO EE 5,000 
water: 
Barcroft Co... ra Si RE el DE... ngu 5,000 
Basic Magnesia Inc 22222222 2222222 Port St. Joe, FL -_____-_._._.- 100,000 
The Dow Chemical Co. Freeport, TX ________-.... 75,000 
Kaiser Aluminum € Chemical Corp... Moss Landing, CA... --- 150,000 
Merck & Co. Inc ee South San Francisco, CA... 15,000 
Western Magnesium Corp. __________~_--~- ~~ —- Chula Vista, CA. _ 5,000 
AA a a a OA 1,380,000 
CONSUMPTION AND USES 


The major portion of U.S. magnesium 
compound production was converted to re- 
fractory products such as refractory brick. 
The chemical processing and pharmaceuti- 
cal industries provided a strong market for 
caustic-calcined and specified magnesias. 
These products were also used to prepare 
animal feeds, fertilizers, construction mate- 


rials, chemicals, electrical heating rods, 
fluxes, petroleum additives, and rayon. A. 
report reviewed the use of minerals in the 
refractory industry. Current applications of 
refractories in various industries were de- 
scribed in detail and probable trends were 
examined.’ 
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Table 3.—Magnesium compounds shipped and used in the United States 


1982 1983 

uantit Value uantit Value 

ores d (thou- ad (thou- 

tons) sands) tons) sands) 
Caustic-calcined! and specified (USP and technical) magnesias -___-_- 147,525 $56,363 160,389 $57,882 
Refractory magnesia ______________________________-_ 453,163 112,101 466,206 99,782 
Magnesium hydroxide (100% Mg(OBD)2*__-_--_-- ooo 357,060 41,597 359,773 47,231 
Magnesium sulfate (anhydrous and hydrous) - - -------------—-- 46,524 11,326 38,424 10,769 
Precipitated magnesium carbonate? ______________________ 4,000 900 6,003 1,101 


!Excludes material produced as an intermediate step in the manufacture of other magnesium compounds. 


Table 4.—Domestic shipments of caustic-calcined and specified magnesias, by use 


(Short tons) | 
Use 1981 1982 . 1983 
Agriculture, nutrition, pharmaceuticals: 
Animal feed EE W W W 
Aalt EE E et tM org eM ede e E LT Ls W WwW W 
Medicinals and pharmaceuticals |... - - -----------------—-—--——— W W W 
Süparand candy ase uo ence mieu EE W WwW W 
Winemaking -sansun AA A W W W 
Total. unen uec n Rer ceni tie LAE tue Lh ga De cr cati rire c W W W 
Construction materials: 
Insulation and wallboard - —-—--------------------——-—--—-—--———- W W W 
Oxychloride and oxysulfate cement __ __________________ ~_____---- W W W 


a 
E 
| 
| 
| 
| 
| 
| 
I 
| 
| 
| 
| 
| 
| 
| 
! 
| 
| 
| 
| 
l 
| 
| 
| 
| 
| 
l 
| 
| 
| 
| 
I 
| 
! 
| 
| 
| 
| 
| 
| 
| 
l 
| 
l 
! 
= 
= 
= 


Chemical processing, manufacturing, metallurgical: 


Chemical an na ee rt By es Ng M ee ete Soest Be hes rl alocado 19,330 17,591 12,971 
Electrical heating rods -—---------------------—--—-—---———-——-—— W W 
¡Y — Senses ee dece h RN E W W 
Petroleum additive___________________________ LL 57.581 9,482 W 
Pulpand paper -= mace dias i W W 
= MOTTO UNOS den otii ea e VER xs se ya a a il Aerei ta W W 
BRBOOH- eor: A EE A W W 
RUDDO > do ecu nae si Lr EE 
Stack-gas scrubbing 
Uranium processing 
Water treatment e tr 
o AA A E A RR hc 76,911 40,892 25,396 
Unspecitled: — — c1. eee Le e Eet 83,156 106,633 134,993 
Grand total: att ae oe ake he De eich LH 160,067 147,525 160,389 


W Withheld to avoid disclosing company proprietary data; included with “Unspecified.” 


PRICES - 


The Chemical Marketing Reporter pub- carbonate, light, technical (freight equaliz- 
lished the following prices at yearend: mag- ed), $0.73 to $0.78 per pound; magnesium 
nesia, natural, technical, heavy, 85% and hydroxide, NF, powder (freight equalized), 
90% (f.o.b. Nevada), $222 and $255 per short $0.78 per pound; and magnesium sulfate, 
ton, respectively; magnesium chloride, hy- technical, $0.115 per pound. 
drous, 99%, flake, $290 per ton; magnesium 
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FOREIGN TRADE 


U.S. exports of crude and processed com- ty and value. Total imports of crude and 
pounds, such as dead-burned magnesia and processed magnesite were significantly 
magnesite and crude caustic-calcined lump more than those of 1982 in quantity and 
or ground magnesite, declined significantly value. Additional magnesium compounds 
from those of 1981 and 1982 in both quanti- valued at $10 million were also imported. 


Table 5.—U.S. exports of magnesite and magnesia, by country 


Magnesite and magnesia, Magnesite, n.e.c., including crude 
dead-burn caustic-calcined, lump or ground 
Country 1982 1983 1982 1988 | 
Quantity Value Quantity Value Quantity Value Quantity Value 
(short (thou- hort. (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
Argentina ________ m m m 1,221 $546 804 
Australia . .. _ 58 $8 2,556 $551 2,690 709 132 187 
SE z Ke E SE 1,066 737 369 453 
EEN 1 = 172 137 141 89 
Canada dee 10,054 2,269 4,665 1,028 12,434 4,761 7,369 2,744 
Colombia. ________ 1,03 131 1,190 1 165 117 
AO AES 17 a X 188 184 134 100 
Germany, Federal 
Republic of |... EH Li. HE EN 687 612 824 609 
Italy ioe "M Mon Em eae 574 525 343 291 
E EE 650 51 197 26 2 5 1 
EE 721 163 81 12 515 376 75 81 
Netherlands TOM cies e SE ES 288 274 286 318 
New Zealand _____-_ at PAG EUM Sé 102 129 1 
AA T" e ES MP 431 279 341 212 
Sweden__________ E MR tics 2 161 192 118 133 
United Kingdom `. SE P rer M 130 158 T5 111 
Venezuela ________ 46 10 NS es 2,015 874 1,950 966 
Ober. 287 72 2,165 179 287 262 3,510 1,671 
TOTAL: ee 12,869 2,721 10,855 1,955 23,125 10,925 16,621 8,426 


Table 6.—U.S. imports for consumption of crude and processed magnesite, by country 


1982 1983 


Country Quantity Value Quantity Value 
(short tons) (thousands) (short tons) (thousands) 


Lump or ground caustic-calcined magnesia:! 


Australia- o mm ect A nce s e 220 $55 
Canada. ec o ds au 1,559 323 13,166 $3,086 
AA EE 4,701 214 j 
is A A 4,023 927 3,837 br 
Netherlands HN Oc EP POR PODER RESO MD 2,441 311 751 123 
ee B EES 2,083 366 
Turky on a is ta 669 143 2,175 670 
United Kingdom `... ooo 312 76 113 40 
Other - cd uu a ee 28 6 205 51 
e EE 13,959 2,055 25,457 5,476 
Dead-burned and grain magnesia and periclase: 
Not containing lime or not over 4% lime: 
EE 2,746 474 6,652 996 
Chill EE 12,528 1,222 4,827 458 
Groote ee ee E 211 1,285 6,889 938 
Ireland —— ati mue Se! 33,868 ,500 24,230 7,535 
JAP A ee dis 91 624 454 
Mexico ct erario rr o te e da a he at cs sde SE 1,474 337 
South Africa, Republic of `... = Lt 1,222 561 
Other a ga COMES a 142 57 150 76 


Total. 20 St eh ca edo a is 57,952 14,162 45,898 11,495 


See footnotes at end of table. 
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Table 6.—U.S. imports for consumption of crude and processed magnesite, by country 


—Continued 
1982 1983 
Country Quantity Value Quantity Value 
(thousands) 


Dead-burned and grain magnesia and periclase —Continued 
Containing over 4% lime: 


periclase 


lIn addition, crude m 


AE TEE 


(short tons) (thousands) (short tons) 


544 $229 1,241 $302 
292 22 15,346 618 
23 4 im SUN 
294 90 241 46 
379 14 17,433 1,864 

5 Q) en Se 

17 5 Sg Soe 

13 2 222 8 
Së a 48 T 
1,567 426 34,531 2,845 
59,519 14,588 80,429 14,340 


esite was imported as follows, in short tons and thousand dollars: 1982—Canada, 83 ($5); 


agn po 
Greece, 3,133 ($293); India, 60 ($1); Japan, 1 ($1); and the United Kingdom, 28 ($6). 1983—Canada, 19 ($4); the Federal 


Republic of Germany, 15 ($11); and Spain, 20 ($10). 
Less than 1/2 unit. 


Table 7.—U.S. imports for consumption of magnesium compounds 


Oxide or Magnesium Magnesium Magnesium MARROM penn 

calcined . carbonate! chloride chloride (epsom salts and compounds 

magnesia (precipitated) (anhydrous) (other) and ki eserite) n.s.p j 

Var A H—————— —— —Á ——X— PROS EU UR Rhe EE 
Quan Quan an- Quan 

uy Mee Giy Value iy ale Cs Mee ty ehe uy Value 

(short sands) (short Bands (short Sands (short sands) (short sando) (short sands) 
tons) tons) tons) tons) tons) tons) 

1981 __ 1,537 $2,419 212 $362 40 $20 592 $161 30,233 $1,852 2,768 $1,427 

1982 __ 3,217 3,766 173 270 26 11 1,086 197 37,605 2,184 2,690 1,537 

1983 __ 6,725 5,355 185 235 15 11 1,761 282 39,405 2,539 1,938 1,358 


1In addition, magnesium carbonate, not precipitated, was imported as follows, in short tons and thousand dollars: 


1981—119 ($97); 1982—125 ($69); and 1983—21 ($28). 


2Includes magnesium silicofluoride or fluosilicate and calcined magnesium. 


WORLD REVIEW 


World production of magnesite and syn- 
thetic magnesia met world demand for the 
manufacture of refractory, and caustic- 
calcined and specified magnesias. Most pro- 
ducing nations derived magnesia from 
magnesite, but countries such as Ireland, 
Israel, and the United States used natural 
brines. 

A report reviewed the current state of the 
world’s magnesite and magnesia industry. 


Changes in operating practices in the steel 
industry were reported to be directly re- 
sponsible for reduced consumption.’ 

Norsk Hydro AS’s modernization of the 
Porsgrunn, Norway, magnesium smelter 
proceeded on schedule. Modernization 
involved the production of anhydrous mag- 
nesium chloride from a magnesium chloride 
brine mixture rather than from the more 
traditional dolomite seawater mix.‘ 
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Table 8.—Magnesite: World production, by country! 


(Short tons) 
Country 1979 1980 1981 1982P 1983* 

Australia _———-——--------------———— 32,299 35,492 29,638 €28,900 31,000 
AUSLTIB on oiu IAS 1,216,563 1,453,017 1,277,414 *1,268,000 1,200,000 
Brazil?____________________ Lc cac 1292.852 348,166 315,031 248,607 220,000 
Canada®*___ == 58,000 69,000 16,000 15,000 74,000 
CAA S. e rhe Sd DL e a 2,200,000 2,200,000 2,200,000 2,200,000 2,200,000 
Colombia _____________._...-...._- 1744 1.744 *1.800 €1'800 1,800 
Czechoslovakia. _____________________ 720,911 184,139 132,000 €728,000 740,000 
Greece. EE IS fees 1,166,477 1,286,394 909,674 €882,000 770,000 
e a dO PORE EROR #436747 “419002 499,798 408,000 520,000 
¡A 5,500 4,400 4,400 5,500 5,500 
Konya ono soni Era cicle *4.400 1 10 “10 xu 
Korea, North ______________________ 2,010,000 2,040,000 2,040,000 2,040,000 2,040,000 
Mexico __________________________ 119,842 117 488 13,357 24,793 22,000 
New Zealand _______________________ ZER E 340 €330 P 
Pakistüh- E n Le LL dl 3,029 T1 681 1,710 1,861 1,900 
Poland. ce eee 22,046 21,605 12,500 *13,000 12,000 
South Africa, Republic of. 72,021 86,871 62,343 35,193 ,500 
y EE 420,936 557,253 550, 500, 595,000 
AT EE 804,071 910,451 864,174 *860,000 840,000 
USSR e ee eeu E 2,150,000 2,200,000 2,290,000 2,370,000 2,400,000 
United States_______________________ W W W 
Yugoslavia ———— aos 323,313 288,630 330,336 361,558 340,000 
Zimbabwe ~~~ ~~~ 93,140 86, 219 66,352 266,000 66,000 

Total un out EE 12,053,891 "12,761,553 12,276,877 12,118,552 12,102,700 


“Estimated. PPreliminary. "Revised. W Withheld to avoid disclosing company proprietary data; not included in 


“Total.” 


‘Figures represent crude salable magnesite. In addition to the countries listed, Bulgaria produced magnesite, but 


output is not reported quantitativel 


, and available general information is inadequate for formulation of reliable 


estimates of output levels. Table includes data available through Apr. 25, 1984 
2Series reflects output of marketable concentrates. Production of crude ore was as follows, in short tons: 1979—650,627 


(revised); 1980— 869,0 


(revised); 1981—681,504 (revised); 1982—557,091; and 1983—496,000 (estimated). 


3Magnesitic dolomite and brucite. Figures are estimated on the basis of reported tonnage dollar value. 


*Year beginning Mar. 21 of that stated. 


5Mexico's figure for the years 1977 and 1978 erroneously referred to production of magnesium from brine. The mine 
output of magnesite for 1977 and 1978 was 3,528 short tons and 23,085 short tons, respectively. 


TECHNOLOGY 


A product, designed for use in electric, 
open-hearth, and basic oxygen furnaces, 
composed of 98% magnesium oxide high- 
density periclase with a new nontoxic bond- 
ing system, was developed. The bonding 
system was intended to replace the chromic 
acid binder previously used.5 

Planning and preparation for increased 
production of high-magnesium limestone 
near Maysville, KY, was completed. A prod- 
uct from this operation known as thiosorbic 
lime, was shown to be capable of absorbing 
high quantities of SO; from stack gases of 
high-sulfur coal-burning powerplants while 
virtually eliminating buildup of scale in the 
equipment.¢ ` 

The use of magnesium oxide for deep-bed 
filtration of water was developed. Magne- 


sium oxide was shown to be unique because 
it has a positive surface charge in water, 
whereas most suspended materials are neg- 
atively charged. The attraction of these 
negatively charged suspended particles to 
the magnesium oxide enhances filtering 
performance.’ 


1Physical scientist, Division of Nonferrous Metals. 

2Dickson, E. M., and Harben, P. W. (ed.). Minerals in the 
Refractories Industry Assessing the Decade Ahead. Ind. 
Miner., No. 187, Refractories Suppl. Apr. 1983, 110 pp. 

3Coope , B. M. Magnesia Markets—Refractory Contrac- 
tion and ' Caustic Stagnation. Ind. Miner., No. 191, Aug. 
1983, pp. 57-87. 

tDonauher, D. Bright Magnesium Prospects—Norsk. 
Met. Bull., No. 6833, Oct. 28, 1983, p. 13. 

5Che mical Week. "Technology Newsletter. V. 132, No. 25, 
June 22, 1983, p. 42. 

Journal. Dravo Makes Life Easier for Scrub- 

best V. 300, No. 7714, June 24, 1983, p. 425. 

*Skillings’ Mining Review. Magnesium Oxide Used as 
Deep Bed Filter Medium. V. 72, No. 43, Oct. 22, 1983, p. 21. 


Manganese 


| By Thomas S. Jones! 


Manganese oversupply in both mineral 


and processed form was evidenced by price 


decreases of 13% or more for imported 
metallurgical ore and imports of principal 
manganese ferroalloys. Ore production de- 
clined for the majority of the chief market 
economy producers, most notably by 45% 
for the Republic of South Africa. Rate of 
recovery of manganese consumption in the 
United States was slowed by a further 
significant decline in unit consumption of 
manganese ferroalloys in steelmaking. 
Changes in steelmaking technology and pro- 
duction mix contributed to use of smaller 
amounts of manganese per ton of steel 
produced. 

Domestic ore production continued to 
consist of only a small quantity of manga- 
niferous materials. Domestic production 
of ferromanganese and silicomanganese 
was below even those abnormally small 
amounts produced in 1982. Two governmen- 


tal actions supportive of the domestic fer- 
roalloy industry were reduction in preferen- 
tial tariff treatment for imports of manga- 
nese ferroalloys and contracting for a do- 
mestic plant to upgrade a portion of the 
metallurgical manganese ore in the Nation- 
al Defense Stockpile into high-carbon ferro- 
manganese. Record imports of silicoman- 
ganese and suspension of electrolytic metal 
production by one of three domestic produc- 
ers signifled the continuing international 
competitive pressure upon domestic proces- 
sors of ore. | 

Domestic Data Coverage.—Domestic pro- 
duction data for manganese are developed 
by the Bureau of Mines from three sepa- 
rate, voluntary surveys of U.S. operations. 
Typical of these surveys is the Manganese 
and Manganiferous Ores survey. Of the four 
operations to which a survey request was 
sent, 100% responded, representing 100% of 
the total production shown in table 3. 


Table 1.—Salient manganese statistics 


(Thousand short tons) 
1979 1980 1981 1982 1983 
United States: 
Manganese ore (35% or more Mn): | 
Imports for consumption _____________~_ 500 698 639 238 368 
Consumption _____________________ 1,872 1,071 1,077 609 531 
Manganiferous ore (5% to 35% Mn): 
Production (shipments) |... _ _ TEUER NR 241 174 175 32 94 
Ferromanganese: 
Production: eni RE er a sedi 317 189 193 119 86 
Exports o5 mox cene ds ee nal c 25 12 15 10 8 
Imports for consumption ______________ 821 606 671 493 342 
Consumption 2 ss oo 976 189 821 439 446 
World: Production of manganese ore____________ 128,950 129 089 25,894 P26,607 €24,739 


“Estimated. Preliminary. "Revised. 
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Legislation and Government Pro- 
grams.—On February 7, the General Serv- 
ices Administration (GSA) announced the 
offering for sale of approximately 155,700 
tons? of natural battery-grade manganese 
dioxide (ore) under Solicitation of Offers for 
Manganese Dioxide, Natural Battery, 
Grades A and B, ORES-259. Sales under 
ORES-259 were limited to 78,782 tons 
through September 30, and could be to any 
party for consumption anywhere. The ma- 
jority of the material being offered for sale 
under ORES-259 was of Greek or domestic 
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origin. 
Change in 
Sales 
, yearend 
Material oo inventory 
RUP (short tons) 
Natural battery ore: 
Stockpile grade -________-_ 3,731 -12,578 
Nonstockpile grade _______ 200 -200 
Chemical ore: Stockpile grade ___ 29,391 -12,726 
Metallurgical ore: 
Stockpile gerade, -45,102 
Nonstockpile grade ______~_ 3,000 -3,000 


Table 2.—U.S. Government stockpile goals and yearend inventories for manganese 
| materials in 1983 


(Short tons) 
Physical inventory 
Stockpile Uncommitted 
Material goals Sold 
Stockpile Nonstock- ed | 
grade pile grade Total . eld Grand total 
Natural battery ore __________ 62,000 131,633 33,561 215,194 4,441 219,635 
Synthetic manganese dioxide. _ _ _ — 25,00 3,011 ha 3,011 ES 3,011 
Chemical ore ______________ 170,000 191,56 89 191,653 16,666 : 208,319 
Metallurgecalore —---------- 2,700,000 2,409,160 957,943 3,367,103 236,426 3,603,529 
High-carbon ferromanganese_ _ _ _ — 439,000 99,978 2 599,978 Ge 599,978 
Medium-carbon ferromanganese _ _ Se 28,920 e i 22 28,920 
Silicomanganese |... See 23,574 Le 23,574 ore 23,514 
Electrolytic metal ___________ - 14,172 dnd 14,172 TE 14,172 


At yearend 1983, GSA awarded a $9.8 
million contract to Elkem Metals Co. for 
converting about 48,000 tons of metallurgi- 
cal manganese ore in the National Defense 
Stockpile into high-carbon ferromanganese. 
This was the first contract awarded for the 
manganese portion of a 10-year stockpile 
upgrading program announced in 1982 un- 
der which 577,000 tons of high-carbon ferro- 
manganese ultimately was to be produced. 
The award to Elkem Metals proceeded from 
a request for bids by GSA in June for the 
upgrading of 100,000 tons of manganese ore, 
to be done domestically and paid for with 
excess stockpile materials. Accompanying 
GSA’s contract activity, the U.S. Depart- 


ment of Commerce twice revised the Na- 
tional Stockpile Purchase Specification for 
Standard High-Carbon Ferromanganese, 
primarily to specify manganese content as 
16% to 78% and to address sizing require- 
ments. The second revision, P-30a-R4, was 
effective July 25. 

Through the Trade and Development Pro- 
gram of its International Development Co- 
operation Agency, the U.S. Department of 
State outlined opportunities for U.S. mining 
firms to become involved in expanding man- 
ganese and/or ferroalloy production from 
deposits in the Molango area of Mexico 
belonging to Cía. Minera Autlán S.A. de 
C.V. 


DOMESTIC PRODUCTION 


Ore and Concentrate.—No manganese 
ore, concentrate, or nodules containing 35% 
or more manganese were produced or 
shipped in the United States. Ferruginous 
manganese ores or concentrates containing 
10% to 35% manganese were not produced, 
only shipped on a still-much-reduced basis 
from the Cuyana Range of Minnesota. Man- 
ganiferous schist, clay, or other earthy ma- 
terial associated with the manganiferous 


member of the Battleground schist of the 
Kings Mountain area was mined in Chero- 
kee County, SC, by brick manufacturers or 
contractors for use in coloring brick. This 
latter material ranged in manganese con- 
tent from 5% to 15% but averaged less than 
10%. 

Haber Inc., of Towaco, NJ, and Houston 
Mining & Resources Inc., of Houston, TX, 
formed the joint venture company, Silver 


MANGANESE 


Tech Mines Inc., to test coextraction of 
manganese and silver from manganiferous 
silver ores of the Tombstone, AZ, region. 
Manganese was to be recovered as manga- 
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nese carbonate from ores containing 15% to 
25% manganese by means of Haber’s hy- 


Table 3.—Manganiferous ore shipped! in the United States, by type and State 


(Short tons unless otherwise specified) 


Type and State 


Ferruginous manganese ore (10% to 35% Mn, natural): 
Minnesota 
Manganiferous iron ore (5% to 10% Mn, natural): 
South Carolina? 


XX Not applicable. 


drometallurgical "Alpha Process" tech- 
nology.? 
1982 1983 
Man- Man- 
Gross Gross 
ganese , ganese 

weight content weight conte at 
T 16,307 2,659 11,314 1,689 
sees 15,202 1,325 22,209 1,987 
PS 31,509 3,984 33,523 3,676 
ION $293,214 XX $215,693 XX 


1Shipments are used as the measure of manganiferous ore production for compiling U.S. mineral production value. 
They are taken at the point at which the material is considered to be in marketable form for the consumer. In addition to 
direct-shipping ore, they include, without duplication, concentrate and nodules made from domestic ores. 


2Miscellaneous ore. 


Ferroalloys and Metal.—Output of ferro- 
manganese and silicomanganese by a strug- 
gling domestic industry was even less than 
in 1982. Those plants that functioned oper- 
ated well below capacity. The plants of 
Autlan Manganese Corp. at Theodore (Mo- 
bile), AL, and Roane Alloys Div. of Saman- 
cor Metals and Minerals Ltd. at Rockwood, 
TN, were effectively shut down for the 
entire year, although the Roane plant op- 
erated briefly in January. The plant of 
SKW Alloys Inc. at Calvert City, KY, was 
closed by a strike the last 4 months of the 
year. Chemetals Corp. underwent a name 
change to Chemetals Inc. early in the year, 
at which time ferromanganese operations 
at Kingwood, WV, were organized into a 
Metals Div. 

Production quantities tabulated for the 
manganese ferroalloys are net production 
for shipment outside the producing ferroal- 
loy facility, and do not include that portion 
of gross production recycled to the furnaces, 
used as an intermediate in producing 
medium- or low-carbon ferromanganese, or 
lost in the plant. 

Ferromanganese.—Domestic production 
was by four companies at four locations. 
Submerged-arc electric furnaces were used 
by Elkem Metals at Marietta, OH; Roane 
Alloys at Rockwood, TN; and SKW Alloys at 
Calvert City, KY. Fused-salt electrolysis 


was used by Chemetals at Kingwood, WV, 
to make low- and medium-carbon ferroman- 
ganese sold under the trade name of Mas- 
sive Manganese. 

Silicomanganese.—Domestic production, 
all by submerged-arc furnace, was by three 
companies at three locations: Elkem Metals, 
Marietta, OH; Globe Metallurgical Div., 
Interlake Inc., Beverly, OH; and SKW AL 
loys, Calvert City, KY. Production of silico- 
manganese was so concentrated in 1983 
that data were not publishable. 

Electrolytic Manganese Metal.—The 
quantity produced was company propri- 
etary data and not publishable. In the first 
part of the year, production was by three 
companies at three locations: Elkem Metals, 
Marietta, OH; Foote Mineral Co., New 
Johnsonville, TN; and Kerr-McGee Chemi- 
cal Corp., Hamilton, MS. Foote Mineral 
suspended production as of the end of May, 
however, and mothballed its capability for 


‘producing over 10,000 tons per year. Foote 


Mineral entered into an agreement with 
Delta Manganese (Pty) Ltd. of the Republic 
of South Africa whereby Delta would supply 
electrolytic manganese metal partly to be 
distributed in the United States by Foote 
Mineral and partly to be processed by Foote 
Mineral into traditional products such as 
manganese-aluminum briquettes. 
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Table 4.—Ferromanganese and silicomanganese produced and shipped in the United 
States and manganese ore consumed in their manufacture 


(Thousand short tons, gross weight, unless otherwise specified) 


Ferromanganese 
1 
Production Silicomanganese Manganese 2t 
consumed 
Year Per ton of 
" Manganese ee ees 
ross content : . : ota ganese an 
weight (average Shipments Production Shipments quantity silicoman- 
percent) ganese 
| made 

ve is a es 317 80 330 165 167 911 1.8 
e AA 189 80 194 188 162 726 1.9 
I98I An a is ta 193 80 188 173 173 743 2.0 
NS ince ey 119 82 98 69 83 412 2.2 
IT EE 86 81 109 W 63. 283 W 


W Withheld to avoid disclosing company proprietary data. 


lContaining 35% or more manganese (natural); foreign ore plus small quantities from U.S. Government excess 


stockpile disposals. 
2Includes ore used in producing manganese metal. 


CONSUMPTION, USES, AND STOCKS 


Ironmaking and  Steelmaking.—Con- 
sumption of manganese as manganese ore 
in making pig iron or equivalent hot metal 
was approximately 1.1 pounds per ton of 
raw steel, compared with 1.0 pound per ton 
in 1980-82. The average for 1983 was calcu- 
lated from a reported consumption in iron 
blast furnaces of 105,000 tons of manganese 
ore containing more than 35% manganese, 
all of foreign origin. This ore was consumed 
in the production of 85,300,000 tons of raw 
steel as ingots, continuous- or pressure-cast 
blooms, billets, slabs, etc., and steel cast- 
ings. Iron blast furnaces consumed an addi- 
tional 142,000 tons of domestic manganifer- 
ous iron ore containing 5% to 10% manga- 
nese. 


Unit consumption of manganese ferroal- 
loys and metal in steelmaking totaled 9.2 
pounds of manganese per ton of raw steel 
produced, also on the basis of reported 
consumption of the various materials. In 
pounds of manganese per ton, makeup of 
the 9.2-pound total was ferromanganese, 
1.8; silicomanganese, 1.2; and metal, 0.2. For 
the 75,600,000 tons of raw steel produced in 
1982, total unit consumption was 10.6 
pounds per ton, of which ferromanganese 
accounted for 8.7; silicomanganese, 1.7; and 
metal, 0.2. Consumption in steelmaking of 
direct-charged manganese ore containing 


35% or more manganese was negligible in 
both 1982 and 1983. 


Table 5.—U.S. consumption and industry stocks of manganese ore,' by use 
| (Short tons) ' 


Manganese alloys and metal 
Pig iron and steel 
Dry cells, chemicals, miscellaneous? 


Consumption Stocks, Dec. 31 
1982 1983 1982 1983 
T" 412,280 274,280 367,119 270,933 
ET 83,906 105,505 104,610 101,971 
T 112,555 150,874 219,101 244,584 
ST 608,741 530,659 151,436 617,488 


1Containing 35% or more manganese (natural); foreign ore plus small quantities from U.S. Government excess 


stockpile disposals. 


2Natural ore, including that consumed in making synthetic manganese dioxide. 


MANGANESE 
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Table 6.—U.S. consumption, by end use, and industry stocks of manganese ferroalloys 
and metal in 1983 


(Short tons, gross weight) 


End use 


Steel: 
Carbon 
Stainless and heat-resisting 
Full alloy 
High-strength low-alloy 
Electric 


Total steel 
Cast irons 
Superalloys 


Miscellaneous and unspecified 


Total consumption `. 
Total manganese content! _______________ 


Stocks, Dec. 31: 


Consumer sii Oe ees eee end 
Producer __________________________ LL 


Alloys (excluding alloy steels and superalloys) _______ ~~ 


Ferromanganese " 
MT: Silico- Man- 
High eaium manga- ganese 
and low Total nese metal 
carbon EE ECH 

" 213,800 61,629 335,429 50,199 5,646 
» 13,855 773 14,628 4,418 1,699 
" 30,643 7,589 38,232 13,303 1,103 
= 29,012 8,037 37,049 5,441 806 
2 41 76 117 319 53 
- 242 41 283 14 53 
E 304 31 335 201 m 
- 347,897 78,176 426,073 73,955 9,360 
_ 14,736 309 15,045 7,993 11 
= 220 W 220 W 262 
e 986 137 1,123 1,245 8,071 
= 3,115 724 3,839 200 547 
S 366,954 79,346 446,300 83,393 18,251 
" 286,224 63,477 349,701 55,039 18,251 
" 137,526 11,094 148,620 6,257 W 
2 26,236 20,450 46,686 14,457 W 
» 163,762 31,544 195,306 20,714 3,882 


W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and unspecified" where 


applicable. 
estimated based on typical percent manganese content. 


Average unit consumption of ferroman- 
ganese and silicomanganese in 1982-83 was 
significantly below the levels of prior years, 
when a ferroalloys and metal total unit 
consumption of about 12 pounds per ton had 
been typical. Unit consumption of manga- 
nese ferroalloys had declined progressively 
in much of 1982, whereas in 1983, no month- 
to-month trends were evident. Changes in 
steelmaking technology and production mix 
were among the factors causing lower man- 
ganese usage rates. End-use consumption of 
silicomanganese fell back to 19% of ferro- 
manganese consumption, after this ratio 
had risen to 24% in 1982. 

Some low- or medium-carbon ferroman- 
ganese, such as the domestically produced 
Massive Manganese or the imported Gimel 
Metal, and some manganese-aluminum ad- 
ditives may have been erroneously reported 
by consumers as manganese metal. This 
introduced uncertainties into consumption 
statistics for the respective materials, but 
was of little consequence for overall con- 
sumption. 

Battery and Miscellaneous Industries.— 
Electrolytic manganese dioxide (EMD) was 
in regular commercial production by the 


ESB Materials Co., a subsidiary of RAYO- 
V AC Corp. at Covington, TN; Kerr-McGee 
at Henderson, NV; and Union Carbide 
Corp. at Marietta, OH. Foote Mineral began 
evaluating possible production of EMD at 
its New Johnsonville, TN, plant, where it 
completed a pilot plant test program. 
Chemetals continued test production of 
chemical manganese dioxide at the Balti- 
more, MD, plant of its Chemicals Div. Some 
synthetic dioxide was used for chemical 
purposes, but most was used in manufac- 
turing dry cell batteries, particularly the 
alkaline-manganese dioxide type. Synthetic 
dioxide was also used as a blend with 
natural ore in carbon-zinc dry cells, mainly 
in the heavy-duty type. 

Increased international activities in dry 
cell battery manufacture were reported by 
the major producers. The Duracell Inc. 
subsidiary of Dart & Kraft Inc. began mak- 
ing alkaline batteries in Australia and Ja- 
pan, RAYOVAC acquired a button cell 
plant in the United Kingdom, and the 
Battery Products Div. of Union Carbide 
brought a new battery facility into produc- 
tion in Singapore. 


PRICES 


Manganese Ore.—All manganese ore 
prices are negotiated. Prices depend primar- 
ily on manganese content but also on other 


chemical constituents, and on physical 
character, quantity, delivery terms, ocean 
freight rates, insurance, inclusion or exclu- 
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sion of duties if applicable, buyers’ needs, 
and availability of ores having the specifica- 
tions desired. Trade journal quotations re- 
flect the editor’s evaluation of the market. 

High inventories continued to have a 
depressing effect on ore prices; in Japan, 
the quantity of ore contracted for was near- 
ly 40% less than in 1982. Contract prices for 
metallurgical ore delivered to the United 
States appeared to drop by about the same 
percentage as for the price of similar ore 
delivered to consumers in Japan and West- 
ern Europe. The average price for metallur- 
gical ore containing 48% manganese was 
$1.38 per long ton unit, c.i.f. U.S. ports, 
compared with $1.58 in 1982; per metric ton 
unit, these prices were $1.36 and $1.56, 
respectively. 

Manganese Alloys.—Price levels for man- 
ganese ferroalloys were generally below 
those in 1982, by 15% or more. A current 
published list price for domestically pro- 
duced high-carbon ferromanganese was not 
available, only a nominal value that dated 
back to January 1982. This was $490 per 
long ton of alloy, f.o.b. shipping point, for 
standard high-carbon ferromanganese with 
a minimum manganese content of 78%. The 
price of comparable imported high-carbon 
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ferromanganese began the year at $365 to 
$380 per long ton of alloy, f.o.b. Pittsburgh 
or Chicago warehouse, but promptly drop- 
ped and then fluctuated in the range of $310 
to $340 for the rest of 1983. The price of 
imported silicomanganese, which had pro- 
gressively declined in 1982 to end that year 
at 16.5 to 18 cents per pound of alloy, f.o.b. 
warehouse, went even lower in the first 2 
months of 1988, to 15.5 to 17 cents. The price 
then rose, finally reaching 18 to 18.5 cents 
as of the end of July and thereafter. The 
price of domestic silicomanganese began the 
year unchanged at 24.5 cents per pound of 
alloy, f.o.b. producer, but was lowered 14% 
to 21 cents in mid-April by Elkem Metals 
and SKW Alloys and did not change there- 
after. 

Manganese Metal.—The list price of 70 
cents per pound for bulk shipments, f.o.b. 
domestic producer plant, which continued 
from 1982 into 1983, eroded as of the 
second quarter. A range of 66 to 70 cents 
developed along with reports of discounting. 
This trend was reversed at the end of No- 


vember when, for the remainder of the 


year, the price firmed to 70 cents for all 
domestic suppliers, and discounting was 
reportedly eliminated. 


FOREIGN TRADE 


Exports of silicomanganese and manga- 
nese metal (including alloys and waste and 
scrap) both increased to more than twice 
those in 1982, whereas exports decreased for 
ferromanganese and for ore and concen- 
trate. Ore and concentrate exports again 
appeared to consist of metallurgical ore 
obtained from excess Government stocks 
shipped to Canada and Mexico and of im- 
ported manganese dioxide ore possibly 
ground, blended, or otherwise classified in 
the United States and shipped elsewhere. 

In 1983, imports of manganese as ore and 
dioxide were slightly more than one-half 
the imports as ferroalloys and metal. Ore 
imports from Gabon rose sharply to nearly 
one-half of total ore imports, whereas those 
from the Republic of South Africa greatly 
decreased, exceeding only those from Mo- 
rocco. The average grade of imported man- 
ganese ore increased to over 48%. Imports 
of manganiferous ore were only 42 tons, all 
from Mexico, with an average manganese 
content of 30%. 

Imports of ferromanganese were down for 
the second consecutive year and fell to the 
lowest level since 1971. Much of the de- 


crease was due to a large reduction in 
imports from the Republic of South Africa, 
which was displaced by France as the lead- 
ing import source. The average manganese 
content of all ferromanganese imports re- 
mained at 78%. In returning to a growing 
trend, imports of silicomanganese more 
than doubled to a record total. Large in- 
creases in silicomanganese imports from 
the Republic of South Africa and Brazil, the 
leading sources, were responsible for most 
of the advance. All imports of unwrought 
manganese metal were from the Republic of 
South Africa. 

Imports for consumption of spiegeleisen 
were reported as 157 tons, of which about 
two-thirds was from the Federal Republic of 
Germany ^at relatively high unit value; 
Canada and Mexico supplied about equal 
amounts of the balance. 

All but 7 tons of 1983 imports for con- 
sumption of manganese dioxide were appar- 
ently battery-grade synthetic dioxide, al- 
though not necessarily from the original 
source country. Manganese sulfate imports 
for consumption of variable unit value 
totaled 97 tons, of which the principal 
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amounts were 57 tons from China, 20 tons 
from the Federal Republic of Germany, and 
18 tons from Belgium-Luxembourg. Imports 
for consumption of potassium permanga- 
nate rose markedly to 1,468 tons; receipts 
consisted mostly of 600 tons from China, 524 
tons from Spain, and other quantities ap- 
parently transshipped from Western Eu- 
rope. 

Tariffs.—Public Law 97-446 was approved 
on January 12 whereby duty on imports of 
manganese waste and scrap was suspended 
permanently retroactive to July 1, 1981. 

Under Executive Order 12413, duty-free 
treatment under the Generalized System of 
Preferences was ended as of March 31 for 
imports of high-carbon ferromanganese 
from developing countries and of silicoman- 
ganese from Brazil. 

The International Trade Administration 
(ITA) of the U.S. Department of Commerce 
published results of a final administrative 
review of countervailing duties on ferroal- 
loys from Spain on July 29. Effective imme- 
diately with this notice, a cash deposit of 
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estimated countervailing duties of 1.53% 
was required on imports for consumption of 
medium- and high-carbon ferromanganese 
and silicomanganese. Higher countervailing 
duties ranging from 2.14% to 3.09% were 
assessed against 1980 and 1981 imports. 
These percentages equaled Spanish Govern- 
ment subsidies to Spain’s domestic ferroal- 
loy industry in those years, as determined 
by ITA. | 

Near yearend, ITA and the International 
Trade Commission separately determined 
that potassium permanganate from both 
China and Spain was being sold in the 
United States at less than fair value, and 
that such sales were materially injuring a 
U.S. industry. The injury was specifically to 
Carus Chemical Co. of La Salle, IL, the sole 
domestic producer. In its investigations, 
ITA found that the overall weighted aver- 
age margin by which the foreign market 
value exceeded the U.S. price was 39.63% 
for permanganate from China and 5.49% 
for permanganate from Spain. 


Table 7.—U.S. exports of manganese ore, ferroalloys, and metal, by country 


(Gross weight) 
1982 1983 
Country Quantity Value Quantity Value 
(short tons) (thousands) (shorttons) (thousands) 
Ore and concentrates containing 5% or more manganese: 
Bruüzi loe ce ene Pe EE ES — 4,509 $605 
Canada c. e c AA Sil Oe eae acer ah a ol 17,203 $1,403 12,625 1,030 
MEXICO: os e me o e as fn ct ig a yw Gt eyo e 8,804 626 357 25 
AAA og a tas 2,553 481 1,823 312 
Totales e Sed Se jm to eos hfe 28,560 2,510 19,314 1,972 
Ferromanganese: 
Canada L5 8 hit a e ee eh anii en eth m Lois et Lien 1,441 5,820 8,061 5,509 
MSXIÓD uu sa te c hie ett i sae 112 681 83 71 
Trinidad and Tobago _____________________~____ 1,762 784 198 117 
A AA A 336 232 91 68 
o A A A eee NN 10,311 7,517 8,433 5,765 
Silicomanganese: 
Canadi A A 250 159 175 105 
AAA A son ee 274 144 3,949 593 
Trinidad and Tobago... ooo ooo 2,318 1,156 2,697 1,042 
Oher TI EE 110 73 6 
LUE: | ee ee EE e m 2,952 1,532 6,426 1,746 
Metal including alloys and waste and scrap: 
Belgium-Luxembourg ________________________ 90 126 1,002 1,518 
v) eC" AS 162 225 154 206 
Canala AA SAS 487 757 374 603 
Germany, Federal Republic of _________________ 185 189 MM e 
E usi S onerum n hee Ee 118 161 1,685 1,576 
Japa ng c e tec uiu Re M Ee 118 145 805 908 
Netherlands... o mn ee EE leet rq or t 514 108 1,008 1,519 
SWOUBI rue scele d alic iT te qe fact E arcs D e UM 518 698 903 1,552 
5 epe PME" 636 852 460 649 
AA IA 2,948 3,861 6,391 8,531 


600 


MINERALS YEARBOOK, 1983 


Table 8.—U.S. imports for consumption of manganese ore, ferroalloys, metal, and 


dioxide, by country 


1982 1983 
Gross pl ross an 
Countr . ganese Valu ganese Value 
g picti content (thou- viret content (thou- 
tons) (short sands) tons) (short sands) 
tons) tons) 
ORE AND CONCENTRATES 
3596 or more manganese: : 
AustraliB.- A cel p eb et coe 136,884 118,842 !$2,667 29,319 15,118 $1,740 
Brazil n. o ene en uS eee es 6,167 2,962 344 18,928 39,112 3,142 
Canada AMA AA r a 4,242 1,734 153 EE SE — 
2 ure mu he it ee en 46,059 23,156 3,514 171,018 85,509 9,628 
MeXICO ie a A eL 3,278 1,492 345 63,588 25,598 3,575 
Moroco Geteste 19345 124996 1968 39 220 ‘12 
South Africa, Republic of _______________ 131,782 57,873 8,169 25,406 12,703 1,170 
Ee eege 237,759 111,054 16,160 368,297 178,060 19,867 
Of which, more than 35% but less than 47% 
manganese 
Canada. ua As ee 4,242 1,734 153 as = es - 
Mexico — ute oot Lus c ii EE 1,900 813 165 59,053 23,428 2,815 
South Africa, Republic of. 78,305 32,414 5,352 pos SEN BE 
KEE 84,448 34,961 5,670 59,053 23,428 2,815 
FERROMANGANESE 
All grades: 
Australiad e oa do od tn ces cce 6,063 4,159 1,980 i ais oes 
lgium-Luxembourg _________________ es ae wee 2,522 2,053 1,248 
EE 30,864 23,607 8,853 28,550 22,022 5,971 
Canada. e ocu teu cL ce S aiti LN 18,860 14,241 5,669 2,966 1,761 600 
¡NS 102,854 80,729 35,710 117,142 91,611 32,494 
Germany, Federal Republic of -___________ ,252 1,031 691 ,696 4,552 2,688 
EVT VE 9,645 7,204 2,646 T E EM 
JAPAN re tune ous x inue eu de rere 5,621 4,564 3,834 2,757 2,231 1,638 
Mexico ae aia eed A Lu DEL 34,422 27,400 13,866 36,302 28,519 10,899 
Norway a za EE 1,056 907 965 26,207 20,621 7,070 
Portüpal 274 c crue. d eere e ec 19,538 14,966 5,201 17,637 13,565 3,212 
South Africa, Republicof _____________.__ 242,414 188,711 10,269 87,664 67,988 22,841 
Spalm EES Se t "t 4,404 3,523 1,923 
nited Kingdom _________~___________ 16,756 12,585 4,245 ses m EN 
Yupóslavia a sa ; 2,998 1,063 10,362 7,914 2,498 
Total! == ae 492,708 383,702 154,490. 341,608 266,360 93,083 
Of which, 1% or less carbon: 
France... caia ls 4 Eer 2,900 2,562 2,860 3,668 3,291 3,426 
Germany, Federal Republic of... 11 10 9 2,218 1,730 1,062 
NA 946 821 938 1,081 935 922 
Total? 6n chm e a o 3,858 3,393. 3,808 6,967 5,957 5,410 
More than 1% to 4% or less carbon: 
lgium-Luxembourg ___~________ _ ERN et T 2,522 2,058 1,248 
Canada `- __—_-------------——— ee E i 568 457 282 
LA AS 3,421 2,830 2,221 = Kee » 
Germany, Federal Republic of _______ 1,240 1,021 682 3,478 2,822 1,626 
CH EE 5,627 4,564 3,334 2,757 2,231 1,638 
MEXICO onnaa ee de 9,395 7,688 5,710 10,578 8,542 4,889 
South Africa, Republic of ---------- 6,222 5,020 3,212 5,136 4,108 2,945 
e ee uon estt e EEN l " POT EEN 4,404 3,523 1,923 
Total sio cra o aa i 25,907 21,124 15,159 29,442 23,735 13,952 
SILICOMANGANESE 
PSU AG oa rs ico lt ee eS 11,883 7,806 3,617 16,227 10,654 4,286 
razil NEN e ee Sy ER 12,897 8,715 4,496 30,803 20,269 8,582 
Canada EE 1,980 1,209 361 81 525 242 
France A A ed M 1,605 1,020 1,098 me a= Mes 
MEXICO unes e cue Ata 5,209 3,524 1,854 5,731 3,839 1,695 
NOrWaY 2 a a a e a 3,441 2,261 1,302 6,628 4,219 2,926 
Portugal. -neea ta ll a E STA Me Mo ae 10,472 6,820 2,667 
South Africa, Republic of ----------------- 12,347 8,245 4,467 52,196 34,704 ,564 
EE EES Deg SS Se 1,221 780 747 
Taiwan LLL gees ads 221 138 -8 Se 


See footnotes at end of table. 
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Table 8.—U.S. imports for consumption of manganese ore, ferroalloys, metal, and 
dioxide, by country —Continued 


1982 1983 
Man- Man- 
Country n ganese Value Se eight anese Value 
(short content (thou- (short content (thou- 
ions) (short sands tons) (short sands) 
tons) tons 
SILICOMANGANESE —Continued 
Yugoslavia ---__------ LLL LLL 12,511 8,203 $4,189 15,563 10,182 $4,408 
AMA eo 62,095 41,121 21,471 139,657 91,992 40,117 
| METAL 
Unwrought: 
Australia 222222222 2 LLL 60 XX 23 GE XX m 
Canada! 0 ii li xcu ia 71 XX 82 ae XX ae 
South Africa, Republic of |... 5,063 XX 5,099 5,295 XX 5,034 
TE KEE 5,194 XX 5,203 5,295 XX 5,034 
Waste and scrap: Canada ________________~_ 32 XX 10 655 XX 289 
Total metal________________ 5,226 XX 5,213 5,950 XX 5,323 
DIOXIDE 
Belgium-Luxembourg ___________________ 1,473 XX 1,341 495 XX 555 
reece ao ct et tte Kee ce ts eee iE 2,060 XX 2,389 1,852 XX 2,082 
Ireland ee EE A E SE e. e 219 XX 309 118 XX 170 
Japan ure Lot So ih he ig ee ee eck rs 15,913 XX 21,407 18,174 XX 23,283 
OCT” esa e ie es ee T as E 81 XX 73 174 XX 220 
Total AAA IE 19,746 XX 25,519 20,813 XX 26,310 
XX Not applicable. 


! After adjustment of data for shipment originally declared from Australia but subsequently identified as having been 
from Morocco. 


“Includes Bureau of Mines conversion of part of reported data (from apparent MnOz content to Mn content). 
"Data may not add to totals shown because of independent rounding. 
“Country of transshipment rather than original source. 


Table 9.—U.S. import duties on manganese materials 


its TSUS Most favored nation (MFN) Non-MFN 
m 
No Jan. 1, 1983 Jan. 1, 1987 Jan. 1, 1983 
Ore and concentrate- ______ 601.27 Free ___________ Fre |... 1 n per pound 
n. 

Ferromanganese: 

Low-carbon ___________ 606.26 2.6% ad valorem! . 2.3% ad valorem. _ 22% ad valorem. 

Medium-carbon `... 606.28 1.4% ad valorem! ___ 1.4% ad valorem. _ 6.5% ad valorem. 

High<arbon_ _ 606.30 1.6% ad valorem! ___ 1.5% ad valorem. _ 10.5% ad valorem. 
Silicomanganese . 606.44 5.0% ad valorem! ___ 3.9% ad valorem . _ 23% ad valorem. 
Metal. negen reg 632.30 14% ad valorem ____ 14% ad valorem _ _ 20% ad valorem. 


1Free from certain countries under Generalized System of Preferences (GSP); as of Mar. 31, 1983, GSP treatment ended 
for high-carbon ferromanganese from all source countries and for silicomanganese from Brazil. 


WORLD REVIEW 


Australia.—Nearly all manganese ore 
production was by Groote Eylandt Mining 
Co. Pty. Ltd. (GEMCO). GEMCO’s output 
increased, but was only about one-half of its 
capacity of approximately 2.5 million tons. 
Shipments by GEMCO totaled 1,380,000 
tons, a 4% increase. Shipments for domestic 
consumption again fell, but those for export 
rose to about 1,100,000 tons.‘ The rise in 


exports was partly due to shipments of 
about 110,000 tons to the U.S.S.R., the third 
largest export destination for GEMCO in 
1983. | 

Brazil.—Exports of manganese ore prod- 
ucts from the Serra do Navio, Amapá Terri- 
tory, operations of Indüstria e Comércio de 
Minérios S.A. (ICOMD were 740,000 tons, a 
7% decrease. The largest portion of these 
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shipments, 522,000 tons, was exported to 
Europe via Porto de Santana on the Ama- 
zon River. Other destinations included the 
United States, 159,000 tons; Argentina, 
38,000 tons; and Japan, 17,000 tons. ICOMI 
also shipped 193,000 tons to Brazilian cus- 
tomers for a total of 933,000 tons.’ Produc- 
tion of high-grade pellets from fine-sized 
mill fractions was suspended because of 
market conditions. 

Production of manganese Egeter 
receded slightly from the 1982 record total. 
Silicomanganese output was up again, by a 
small amount to 197,000 tons, whereas fer- 
romanganese production fell to 115,000 
tons. 

Cutbacks in Government support for min- 
eral resource projects caused state-con- 
trolled Cia. Vale do Rio Doce (CVRD) to 
defer large-scale development of the Iga- 
rapé Azul deposits in the Carajás region of 
Pará State for metallurgical ore. In the 
interim, CVRD restricted its manganese 
production in that region to about 4,000 
tons of battery ore. CVRD supplied battery 
ore to domestic consumers and shipped 
sample lots to potential foreign users. 

France.—Blast furnace production of 
high-carbon ferromanganese plus a small 
amount of spiegeleisen declined by about 
one-sixth to 304,000 tons in 1983, according 
to preliminary data. 

Gabon.—The Moanda Mine of Compagnie 
Miniére de l'Ogooué S.A. (COMILOG) re- 
corded significant increases in manganese 
ore production and shipments, especially 
the latter. Production of over 2 million tons 
of ore included 105,000 tons of battery ore 
plus a small amount of chemical ore. Ex- 
ports through the Port of Pointe Noire in 
the Congo were 2,236,000 tons.* Exports 
included 130,000 tons of battery ore along 
with a small amount of chemical ore, and 
110,000 tons of metallurgical ore shipped to 
the U.S.S.R. In 1982, the contribution of 
manganese ore to Gabon’s total export earn- 
ings was 5%, or about the same percentage 
as in 1980-81. 

The shareholding of United States Steel 
Corp. in COMILOG decreased in 1983 from 
39% to 36%, still the largest interest. El- 
kem AS of Norway and its U.S. subsidiary, 
Elkem Metals, increased their combined 
shareholding in COMILOG to 6%. COMI- 
LOG made a long-term commitment to 
supply ore to Elkem's plants in Norway and 
the United States. 

India.—Manganese ore production de- 
clined for the fourth successive year, partly 
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because demand from the domestic ferroal- 
loy industry was lowered by power short- 
ages. Sandur Manganese & Iron Ore Ltd. of 
Karnataka State slightly worsened an al- 
ready existing condition of overcapacity for 
ferromanganese in India by switching one 
of its electric furnaces from ferrosilicon to 
ferromanganese. This action was taken at 
midyear to help absorb output from San- 
dur’s manganese mines. 

Japan.—Average grade of a minimally 
decreased production of manganese concen- 
trates was 27% manganese. Production of 
manganese ferroalloys dropped 28% to 
429,000 tons for ferromanganese and 18% to 
245,000 tons for silicomanganese. The 
rounded total for manganese metal produc- 
tion was unchanged at 4,300 tons. Exports 
of ferroalloys declined again, to 24,500 tons 
for ferromanganese and to only about 120 
tons for silicomanganese. Imports rose, how- 
ever, by about one-third to approximately 
17,500 tons for ferromanganese and by over 
one-half to more than 127,000 tons for 
silicomanganese. A small but unusual com- 
ponent of these imports was high-carbon 
ferromanganese and silicomanganese from 
Mexico in exchange for car parts from a 
Japanese automobile manufacturer. Silico- 
manganese imports also included receipts 
in June of 10,000 tons from the U.S.S.R. To 
help the domestic ferroalloy industry adjust 
to the effects of imports and other economic 
changes, the Government included the fer- 
roalloys industry in the Specific Industries 
Restructure Law made effective as of the 
second half of the year. 

Production of synthetic manganese diox- 
ide increased 3% to 52,000 tons; exports of 
the dioxide showed another healthy gain of 
13% to 38,900 tons. 

Mexico.—Autlan, the leading Mexican 
producer of both manganese ore and man- 
ganese ferroalloys, announced successful pi- 
lot production of electrolytic manganese 
dioxide, and was reportedly planning a 
commercial dioxide plant with an annual 
capacity of 6,600 tons. Autlan also research- 
ed production of such other chemicals as 
manganese sulfate, manganese chloride, 
and chemical manganese dioxide. 

Autlan’s shipments of oxide nodules from 
its mining and calcining operations in the 
Molango District of Hidalgo State totaled 
353,000 tons, of which about 235,000 tons 
was for domestic consumption and about 
119,000 tons was exported through the Port 
of Tampico. Shipments in 1982 had been 
about one-sixth greater, totaling 415,000 
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tons, of which 275,000 tons was for domestic 
consumption and 140,000 tons was export- 
ed. Production quantities reported by 
Autlan for 1982 were nearly 780,000 tons of 
carbonate ore, approximately 460,000 tons 
of nodules, and 33,000 tons of battery ore. 
The proportion of carbonate ore produced in 
1982 by underground mining rose to exceed 
by about one-third that produced by open 
pit mining. 

Norway.—Elkem AS and its U.S. subsid- 
iary, Elkem Metals, increased to 6% their 
combined shareholding in COMILOG, Ga- 
bone manganese ore mining company. El- 
kem and COMILOG also made a long-term 
agreement whereby COMILOG will contin- 
ue to supply the largest part of the manga- 
nese ore needs of Elkem's Norwegian and 
U.S. ferroalloy smelters. 

South Africa, Republic of.—Some man- 
ganese mines were temporarily closed, and 
at others, production was cut back to levels 
well below capacity. According to prelimi- 
nary data, production fell by nearly one- 
half for both metallurgical ore and manga- 
nese ore overall. Total ore production of 
3,181,000 tons was the lowest in over a 
decade. Production of highest grade metal- 
lurgical ore containing over 48% manga- 
nese continued a rising trend, however, 
increasing by more than one-half. Approxi- 
mate 1983 production of metallurgical ore 
was 2,895,000 tons, of which 1,400,000 tons 
contained 30% to 40% manganese, 458,000 
tons contained 40% to 45% manganese, 
295,000 tons contained 45% to 48% manga- 
nese, and 742,000 tons contained over 48% 
manganese. Production of chemical ore was 
286,000 tons, of which 178,000 tons contain- 
ed less than 35% manganese dioxide and 
108,000 tons contained 35% to 65% manga- 
nese dioxide; no production of ore con- 
taining 65% to 75% manganese dioxide was 
reported. 

About midyear, control of South African 
Manganese Amcor Ltd. (Samancor) ef- 
fectively passed to General Mining Union 
Corp. Ltd. (Gencor) as a consequence of 
property and equity transactions between 
Gencor and state-owned South African Iron 
and Steel Industrial Corp. Ltd. (Iscor). In 
one of the transactions, Gencor acquired 
50.25% of African Metals Ltd. from Iscor. 
Because of African Metals’ 39.6% share- 
holding in Samancor, this acquisition plus 
Gencor's 7% direct and previous 1.4% in- 
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direct shareholding in Samancor gave Gen- 
cor 48% control of Samancor. Anglo Ameri- 
can Corp. of South Africa Ltd. remained the 
second largest stockholder in Samancor 
with about a 30% interest. 

Samancor began operating an 8-mega- 
watt plasma arc furnace at its Meyerton 
ferroalloy plant in Transvaal Province. This 
new furnace was being used to melt ore and 
plant fines, including those containing man- 
ganese, and to test ferroalloy production by 
the plasma arc process. 

U.S.S.R.—Ore production capacity was 
being expanded or developed in the Ukraine 
at the Ordzhonikidze, Marganets, and 
Tavricheskiy (Bol'she-Tokmak) complexes 
and in Georgia at the Chiatura complex. 
Estimated mine output in 1983 surpassed 
the previous record high total of 11.3 mil- 
lion tons in 1979. Even so, high-grade con- 
centrates were imported, 110,000 tons each 
from Australia and Gabon, according to 
trade journal reports. Press articles indicat- 
ed these imports would augment domestic 
material in the mixture being fed to an 
increased electric-furnace capacity for fer- 
romanganese and/or silicomanganese. In- 
stallation of the last six 75 megavolt ampere 
closed submerged-arc furnaces contracted 
for in 1976 with Japan's Tanabe Kakoki was 
completed in the fall. Four were located at 
the Nikopol steel plant and two at the 
Zestafoni plant in Georgia near the Chiatu- 
ra Mine operations. Each furnace was rated 
at about 130,000 tons per year of ferroman- 
ganese. 

According to official statistics, average 
grade of ore and concentrates in 1982 was 
30% manganese, the same as in 1981. Al- 
though mine production recovered in 1982, 
ore exports fell slightly to 1,261,000 tons. 
Principal destinations accounting for over 
90% of the export total were, in tons, 
Poland, 590,000; Czechoslovakia, 381,000; 
the German Democratic Republic, 143,000; 
and Bulgaria, 85,000. 

United Kingdom.—Early in the year, the 
Government had begun establishing a small 
stockpile of strategic materials. Manganese 
as both ore and ferroalloys was reported to 
be one of the main items being acquired. 
Trade journals identified the Republic of 
South Africa as a principal source of both 
these forms in which manganese was being 
stockpiled. 
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Table 10.—Manganese ore: World production, by country! 
(Thousand short tons, gross weight, unless otherwise specified) 


¿Table includes data available through June 13, 1984. 


2In addition to the countries listed, Colombia, Cuba, and Namibia may have 


Country? gic 1979 1980 1981 1982P 1983* 
Australia? = = = = =  ... 37-53 1,871 2,204 1,555 1,248 41,491 
Bolivia? $ _____________ 28-54 12 1 (7) (7) 
Brazil? 222222222 22 -L 38-50 2,490 2,515 2,251 22,580 2,300 
Bulgaria 2... 30- 4 54 50 50 50 
hil&- os ee Mun ee 32-35 28 31 28 18 18 
China^ 19. eh ria 20 4- 1,650 71,760 1,760 1,760 1,760 
Gabon _________________-_ 50-53 2,535 2,366 1,640 1,667 42,047 
Ghana __________________ 30-50 300 278 246 176 210 
Greece 2 48-50 6 6 6 *6 6 
Hungary!! |. |... ....... 30-33 91 91 78 91 94 
India! a 10-54 11,952 71,865 1,682 1,596 41,455 
Indonesia ________________ 47-56 7 3 20 19 
Iran? 222 2 33+ ©22 oe __ SÉ "S 
Italy" eo ees iste duree 30 11 10 10 10 10 
JPA c ua iet 24-27 97 88 96 86 185 
Korea, Republic of |... 23-40 (7) (7) ES L2 T 
Mexico? _________________ 27 543 493 637 561 386 
Morocco ________________~_ 50-53 150 145 121 106 81 
Pakistan _________________ 35- (7) (7) (7) (7) (7) 
Philippines |... ----------- 30+ 4 3 3 2 
South Africa, Republic of _______ 30-48 + 5,713 6,278 5,555 5,150 13.181 
DUGAN Sois ec 48 (7) (7) (7) e1) (7) 
` Thailand----------------- 46-50 39 60 12 9 47 
Türkèy AMS 27-46 46 46 16 8 14 
U.S.S.R.15 L  ] | ......- 30-31 11,292 10,750. 10,090 10,830 11,500 
Vanuatu eno IE 40-44 12 M "T d Sé 
Yugoslavia 225. 30+ 33 33 34 e33 33 
Zaire ` ec en CURE 30-57 me "m 20 TE = 
Total us eet ate XX r28 950 129 089 25,894 26,607 24,739 © 
*Estimated. Preliminary. ‘Revised. XX Not applicable. 


produced manganese ore and/or 


manganiferous ore, but available information is ena to make reliable estimates of output levels. Low-grade ore not 


included in this table has been reported as follows, 


ousand short tons: Argentina (19% to 32% Mn), 197 
7, 1981—3, 1982—4, and 1983—5; Czechoslovakia (about 17% Mn), 


—11, 1980 — 
an estimated 1 in each year; Malaysia (grade 


unspecified but a t apparently a ferruginous manganese ore), 1979—35, 1980—4, and 1981-83—zero; and Romania (about 22% 


Mn), an estimated 90 in each year. 
“Metallurgical ore. 
*Reported figure. 


SEstimated on the basis of reported contained manganese. 


SExports. 
TLess. than 1/2 unit. 


Figures are the sum of (1) sales of direct-shipping manganese ore ang (2) production of beneficiated ore, both as 


reported in Annuario Mineral Brasileiro. 
Only about two-thirds of this quantity was marketed. 
1°Includes manganiferous ore. 
I! Concentrate. 


¡Much of India's production grades below 35% Mn; average content was reported as about 37% Mn in 1979-80. 
13Reported as if data are for calendar years, but may actually represent output for Iranian calendar years beginning 


Mar. 21e of the year stated. 
14From wastes. 

15Repo 

weights Stee, 


ried in Soviet sources. Grade represents the annual averages obtained from reported metal contents of the gross 


TECHNOLOGY 


Thermodynamic data on manganese sul- 
fate were developed by the Bureau of Mines 
to better the understanding of reactions 
occurring when mineral concentrates are 
roasted or sintered. These data were derived 
from measurements of equilibrium oxygen 
pressure in the Mn-S-O system at 896° to 
1,227° Kelvin. The experiments involved 
use of a high-temperature solid-state elec- 
trochemical cell employing a zirconia elec- 
trolyte.? 

To aid silver conservation and reduction 


of cadmium emissions, the Bureau explored 
the potential of manganese-bearing copper- 
base alloys as substitutes for commercial 
silver brazing alloys. Results for copper- 
manganese-tin alloys containing 10% to 
15% manganese suggested further develop- 
ment in this system could be worthwhile.!o 
The Bureau, in updating the 1977 Dames 
& Moore report on manganese nodule proc- 
essing, presented detailed flowsheets and 
descriptions for the five most probable 
schemes for extracting metal values from 
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ocean nodules. Manganese recovery was 
inherent in two processes and optional in 
three.! The Bureau also outlined methods 
of characterizing nodule feed materials and 
wastes from their processing according to 
the five likely schemes.!? 

The Bureau also analyzed hypothetically 
the economics of metal recovery from deep 
sea nodules. The analysis was for recovery 
from three of the most promising sites in 
the Clarion-Clipperton fracture zone south 
and east of Hawaii. Conceptually, nodules 
from these sites were hydraulically mined 
and transported to the west coast of the 
United States, where cobalt, copper, and 
nickel were recovered by the Cuprion (Ken- 
necott) process. As an option, manganese 
was recovered as ferromanganese by smelt- 
ing feed material obtained from tailings in 
an electric furnace. Production at each 
ocean mining site was estimated as roughly 
3 million dry tons annually at an estimated 
capital cost of nearly $2 billion in January 
1981 dollars. Each operation was projected 
to supply at least 10% of annual USS. 
manganese demand. Discounted cash flow 
rates of return were projected to be only 6% 
at most and even less when manganese was 
also recovered.!: 

The possibility that on-going geological 
investigation of ocean floors could aid 
onshore minerals exploration was pointed 
out in a review of the associations of miner- 
al accumulations with submerged bounda- 
ries between segments of the Earth's sur- 
face. These studies showed layered oxides of 
manganese and iron to be found in sedi- 
ments associated with divergent and trans- 
form plate boundaries, such as those of the 
Mid-Atlantic Ridge." 

The possible existence in North America 
of undiscovered large, high-grade sedimen- 
tary manganese deposits formed by precipi- 
tation from shallow-water marine trans- 
gressive environments was discussed. Areas 
where such deposits might be found were 
identified as a mid-continent region of the 
United States and Canada northwest from 
east-central South Dakota and portions of 
the Atlantic and Gulf Coastal Plains of 
Mexico and the United States 1 

Leaching manganese dioxide with dilute 
aqueous solutions of sulfur dioxide is a 
potentially useful process for extracting 
manganese from low-grade oxide ores. Fur- 
ther insight into the kinetics of this leach- 
ing reaction was obtained by experiments 
on samples of pyrolusite and electrolytic 
manganese dioxide. Rate of reduction of 
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manganese dioxide to a compound with 
manganese in a lower valence state was 
found to be controlled by an electrochemical 
reaction at the manganese surface.!* 

Chemical analysis reference samples of 
two important manganese ores from the 
Republic of South Africa were prepared and 
certified. One of the samples, SARM,16, was 
of ore from the Wessels Mine and the other, 
SARM 17, was of ore from the Mamatwan 
Mine.*” 

Also reported from the Republic of South 
Africa were results of radiotracer and min- 
eralogical investigations of conditions in- 
side large submerged-arc furnaces smelting 
high-carbon ferromanganese. Findings sup- 
ported those of a dig-out previously con- 
ducted on one of the furnaces.!* 

In contrast to established smelting of 
ferromanganese from lumpy ores by sub- 
merged-arc and blast furnace processes, 
plasma and other furnace technologies were 
under development for better utilizing both 
metallic and mineral fines. If proved com- 
mercial, these newer technologies would 
increase overall recovery of manganese in 
extraction. Work with plasmas was re- 
ported from both Western and Eastern 
Europe.’® In Japan, Kawasaki Steel Corp. 
claimed favorable results from pilot testing 
a combined prereduction and smelting ar- 
rangement in which low-grade coke was the 
principal reductant.”° 

In recent years, several steelmaking prac- 
tices that have come into use for improving 
product quality or melt shop operations 
have also increased manganese yield, there- 
by decreasing ferromanganese require- 
ments. This trend was exemplified in use of 
the lance bubbling equilibrium or LBE ver- 
sion of combined blowing, for which manga- 
nese recovery was slightly improved in 
some instances.?! 

Liquid and solid phase equilibria in ter- 
nary systems of iron and manganese with 
each of six other transition metals—chro- 
mium, cobalt, copper, nickel, titanium, and 
vanadium—were reviewed in 1983. Liqui- 
dus surfaces and various constant tempera- 
ture sections were graphed for the terna- 
ries, and phase diagrams were presented for 
the 12 underlying binaries.?? 

Values for electrical resistivity of manga- 
nese at temperatures between 1° and 700° 
Kelvin were recommended in a review of 
the electrical resistivity of aluminum and 
manganese.” 

A mathematical model of a diaphragm 
cell for production of electrolytic manga- 
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nese metal was developed and programed 
for use on a digital computer. Optimum 
commercial operating conditions were pre- 
dicted using the model 2 

Technical feasibility of a chloride route to 
manganese metal more than 99.9% pure 
was investigated in laboratory studies. Pure 
manganese carbonate and Ghanaian ore 
were tested as feed material. Process steps 
were (1) production of gaseous manganese 


chloride by reacting manganese feed mate- 


rial at about 950° C with liquid calcium 
chloride to which silica had been added to 
suppress calcium chloride vaporization, (2) 
condensation of manganese chloride in 
a magnesium-potassium-sodium chloride 
fused-salt melt at 500° C, and (3) electrolysis 
of this melt, also at 500° C. A brief economic 
evaluation indicated the process to be both 
energy and capital intensive.?5 

Advances in technology of dry cell battery 
systems with manganese included develop- 
ment of a chemical manganese dioxide, 
trade named Faradiser WS, suitable for use 
in alkaline and lithium-manganese dioxide 
batteries. The processing route to Faradiser 
WS was devised to give particles with inter- 
nal porosity and surface area lower than 
those of the conventional chemical manga- 
nese dioxide, Faradiser M, already in use in 
carbon-zinc cells.?e* Technology and commer- 
cialization of lithium-manganese dioxide 
batteries and present and future applica- 
tions of these cells in computer equipment 
and consumer electronics such as calcula- 
tors, watches, and cameras were reviewed.?” 
Performance of a hermetically sealed 
lithium-manganese dioxide cell being tested 
for temperature stability and ruggedness 
was described. High reliability of the cell 
signified its suitability for use in telecom- 
munications devices.?* 


1Physical scientist, Division of Ferrous Metals. 

"Unless otherwise stated, the unit of weight in this 
chapter is the short ton of 2, 000 pounds. 

3Chemical Week. V. 133, No. 24, Dec. 14, 1983, pp. 30, 32. 
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Mercury 


By Linda C. Carrico! 


Domestic mercury mine production, re- 
ported by three mines in Nevada, decreased 
for the third consecutive year. Secondary 
output increased more than threefold. Al- 
though consumption remained essentially 
the same, the U.S. dealers’ price declined by 


about $49 per flask? in response to an 
oversupply of secondary mercury. 

World mine production declined in re- 
sponse to a world surplus of secondary 
mercury and depressed European prices. 


Table 1.—Salient mercury statistics 


United States: 
Producing mines _______________~________ _ 
Mine production... flasks_ _ 
Value Arc thousands. _ 
Secondary production: 
Industry 5 — e NEE ead flasks.. _ 
Government?! ___ 22 do ... 
Industry stocks, yearend? ______________ do____ 
Shipments from the National Defense Stockpile j 
Oaks 
Imports for consumption... __________ do... 
EXPOS 2i m nur queue oan eg La e ELA do. _ __ 
Consumption, reported________________ det ee 
Consumption, apparent*_______________ do... 
Price: New York, average per flask |. 
Employment, mine and mill, average ____________ 
World: 
Mine production... flasks_ _ 


Price: London, average per flask |. 


“Estimated. 
data. 


PPreliminary. 


"Revised. NA Not available. 


1979 1980 1981 1982 1983 
3 4 3 3 3 
29,519 30,657 27,904 25,760 25,070 
$8,299 $11,939 $11,549 W W 
4,287 6,793 4,244 4,473 13,474 
11,300 10,013 7,000 Sa 


27,082 33,069 21,339 


196 37,088 . 6,000 
26,448 9,416 12,408 8,916 12,786 
NA NA NA NA NA 
62,205 58,983 59,244 48,943 49,138 
82,721 51,392 57,286 44,249 59,292 
$281.10 $389.45 $413.89 $370.93 $322.44 
41 46 48 45 45 
174,436 197,426 210,897 P197,696 “188,493 
$291.73 $398.07 $417.52 $376.96 $313.33 


W Withheld to avoid disclosing company proprietary 


1Secondary mercury released from U.S. Department of Energy stocks. 


2Stocks at mines, consumers, and dealers. 


3Includes 1,000 pounds of mercuric oxide, equivalent to 12 flasks of mercury metal, at a nominal 91%. 
“Mine production plus secondary production plus imports for consumption minus exports, plus Government stockpile 


shipments, and plus or minus changes in industry stocks. 


Domestic Data Coverage.—Domestic da- 
ta for mercury are developed by the Bureau 
of Mines from three separate, voluntary 
surveys of U.S. operations. Typical of these 
surveys is Mercury, a survey of mercury 
consumption. Of the 390 firms to which this 


survey request was sent, 81% responded, 
representing an estimated 80% of the total 
U.S. consumption shown in tables 1 and 4. 
Consumption for the 74 nonrespondents 
was estimated using prior years’ consump- 
tion levels. 
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Legislation and Government Pro- 
grams.—The Omnibus Budget Reconcilia- 
tion Act of 1981, Public Law 97-35, authoriz- 
ed the disposal of 50,000 flasks of primary 
mercury and 710,258 pounds of mercuric 
oxide from the National Defense Stockpile 
(NDS). During 1983, the General Services 
Administration (GSA) continued to auction 
primary mercury from NDS, offering 1,500 
flasks on the third Tuesday of each month. 
GSA thereby sold and shipped 6,000 flasks 
during the year, leaving 36,924 flasks au- 
thorized for disposal. The stockpile goal 
remained at 10,500 flasks. 

Scheduled monthly auctions of mercuric 
oxide from NDS remained canceled in 1983 
because the containers holding the material 
failed to meet U.S. Department of Transpor- 
tation regulations. The stockpile goal for 
mercuric oxide was zero. 

Auctions of surplus secondary mercury, 
managed by the U.S. Department of Energy 
(DOE) in Oak Ridge, TN, also remained 
suspended during the year. 

The Environmental Protection Agency, 
under Section 112 of the Clean Air Act, 
proposed changes to the existing test meth- 
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od (Method 105) used in determining the 
content of mercury in waste water treat- 
ment plant sewage sludges. The proposed 
changes were not intended to impose any 
additional emission measurement require- 
ments on any facility but would simply 
change the existing testing method to im- 
prove the precision and accuracy. 

DOE released a report on May 17, 1983, 
entitled “Mercury Inventory at the Y-12 
Plant, 1950 through 1977.” The report indi- 
cated that about 8,553 flasks of mercury 
was spilled and lost to the environment 
between 1950 and 1963 and that almost 
26,316 flasks remained unaccounted for. 
The mercury was used to produce lithium 
deuteride fuel, which was used to produce 
thermonuclear weapons.‘ In 1988, an inter- 
agency task force, including Federal, State, 
and local governments continued to investi- 
gate the extent of mercury contamination 
and to devise possible solutions to the prob- 
lem. A construction project was underway 
for a central pollution control facility de- 
signed to treat liquid waste at the Y-12 
plant. 


DOMESTIC PRODUCTION 


For the second consecutive year, Nevada 
was the only mercury producing State, with 
producers operating at about 72% of capaci- 
ty. Total mine production, including by- 
product mercury, was 25,070 flasks. Three 
mines were in operation during the year: 
the Carlin gold mine, the Pinson gold mine, 
and the McDermitt mercury mine. Mercury 
was produced as a byproduct at the Carlin 
and Pinson gold mines. The McDermitt 
Mine, operated by Placer U.S. Inc. (formerly 
Placer Amex Inc, remained the principal 
mercury producer in the United States. 


Table 2.— Mercury ore treated and 
mercury produced in the United States! 


Ore Mercury produced 
treated ^ pounda 
Year Pounds 
(short Flasks per ton 
tons) of ore 
TOTS ih snc nat 242,564 29,499 9.2 
1980 —. lc 356,043 30,623 6.5 
TOS) oc. Seen EES 262,380 27,888 8.1 
KIT Va nor 00,9 25,704 6.5 
NOB Bios se te 335,389 25,033 5.7 


1Excludes mercury produced from old surface ores, 
dumps, and placers, and as a byproduct. 


Table 3.—Production of secondary 
mercury in the United States 


(Flasks) 
Industrial GSA 
Year production releases Total 
1919 AAA 4,287 11,300 . 15,587 
1980 ________ 6,793 10,013 16,806 
1981 — nl a 4,244 7,000 11,244 
AI 4,473 a 4 473 
1983 20502) ons nn 13,474 = 13,474 


Exploration work by Placer continued at 
its mine in Nevada and at other mercury 
prospects in the Western States. The 
McDermitt Mine has about 5 years of prov- 


en reserves based on an annual production ` 


rate of about 25,000 flasks. 

During 1983, four companies specialized 
in processing primary and/or scrap mercu- 
ry. The companies were Bethlehem Appara- 
tus Co. Inc., Hellertown, PA; D. F. Gold- 
smith Chemical and Metal Corp., Evanston, 
IL; Mercury Refining Co. Inc., Albany, NY; 
and Troy Chemical Corp., Newark, NJ. 

Industrial secondary mercury production 
more than tripled, probably as a result of 


MERCURY 


the temporary closure of two mercury-cell 
chlor-alkali plants. A portion of the mercu- 
ry in these plants was thus available to be 
recovered, processed, rebottled, and shipped 
either to warehouses or consumers. Pro- 
duction from scrap was equivalent to 
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27% of the reported consumption. Major 
sources of secondary mercury were amal- 
gams, sludges, obsolete industrial and con- 
trol instruments, and metal retrieved from 
chlorine and caustic soda plants. 


CONSUMPTION AND USES 


Mercury was consumed in about 410 
plants, of which more than one-half are 
located east of the Mississippi River. Prima- 
ry mercury accounted for 66% of the total 
reported consumption; redistilled mercury, 
27%; and secondary mercury, 7%. 

The mercury-cell chlor-alkali plants of 


LCP Chemicals at Linden, NJ, and Olin 
Corp. at McIntosh, AL, were inactive be- 
cause of economic problems. Although these 
two plants were idle, the consumption of 
mercury in the production of chlorine and 
caustic soda increased by 29%. 


Table 4.—Mercury consumed in the United States, by use 


(Flasks) 
SIC 
code Use 1979 1980 1981 1982 1983 

28 Chemical and allied products: € 
2812 Chlorine and caustic soda manufacture - -------- 12,180 9,470 7,828 6,248 8,054 
2816 Pigments - ------------------------- W W W W W 
2819 Catalysts, miscellaneous LLL c2 2c. 1,257 165 815 499 484 
2821 Catalysts for plastics ~- - - ----------------- W W W W W 
2819 Laboratory uses - - --------------------- 410 363 328 281 280 
2851 EENEG 9,979 8,621 7,049 6,794 6,047 
2879 Agricultural chemicals... ---------------- W 19 36 ees 
ue Other chemicals and allied products- - --------- 82 W W W W 
96 Electrical and electronic uses: 
3641 Electric lighting 222220244235 55554024 511 1,036 1,043 826 1,273 
3643 Wiring devices and switches... 3,213 3,062 2,641 2,004 2,316 
3692 LEE 25,299 27,829 29,441 24,880 23,350 
Sie Other electrical and electronic uses ___________ 106 144 W 
38 Instruments and related products: 
382 Measuring and control instruments ___________ 3,603 3,049 5,671 3,064 2,465 
3843 Dental equipment and supplies- _-____________ 1,422 1,779 1,613 1,019 1,597 
I Other instruments and related products |... 192 190 253 194 W 
Nt Other ssi uc rc eau e csse ee dei ausu os 556 790 242 984 1,356 

AAA 62,205 58,983 59,244 48,943 49,138 


W Withheld to avoid disclosing company proprietary data; included in “Total.” 


STOCKS 


NDS, as of December 31, 1983, contained 


30,305 flasks of secondary mercury in Oak 


178,315 flasks of primary mercury and Ridge, TN. 


712,202 pounds of mercuric oxide. DOE held 


Table 5.—Stocks of mercury, December 31 


(Flasks) 
Sa Con- 
roaucer sumer 
Year (mine) and Total 
dealer 
1979... 9,181 18401 27,582 
1980. TT TT 11095 21974 33:069 
1981277777777 7 11783 15'556 27339 
1982. 3227117777 14098 15229 29'327 
1983.212222] 18,823 12695 31518 


SS AAE E T S E E A A E A een 
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PRICES 


In 1983, mercury prices declined in re- 
sponse to an oversupply of secondary mate- 


rial and relatively steady demand. 


Table 6.—Average prices of mercury at 
New York and London 


(Per flask) 

Period New York London 
ro A OA $281.10 $291.73 
A A mam 389.45 398.07 
VOB EE 413.89 417.52 
ee 370.93 376.96 
1983: 

January __________- 375.71 346.88 
February- ---------- 347.37 340.12 
March ____________ 341.65 330.44 
ADF ie toes a 331.76 317.50 
May e nete 309.76 300.56 
June _____________ 291.50 296.12 
UI 275.95 288.44 
August ____________ 281.57 285.89 
September _________~_ 305.43 298.28 

eg ie eee ioe 340.75 324.31 
November __________ 342.05 320.28 
December __________ 325.81 311.11 

1983 average ______ 322.44 313.33 


Sources: Metals Week (New York) and Metal Bulletin 


(London). 


FOREIGN TRADE 


Imports for consumption of mercury, 
which included mercury imported for im- 
mediate consumption plus material with- 
drawn from bonded warehouses, increased 
significantly. Spain was the leading suppli- 
er, followed by the United Kingdom, Alge- 
ria, and Mexico. The average unit value of 
imports during 1983 was $298.22 per flask, 
compared with $336.81 per flask in 1982. 

The U.S. rate of duty on imported mercu- 
ry metal, TSUS 632.34, as of January 1, 


1983, from countries with most-favored- 
nation status, was 10 cents per pound. A 
duty of 25 cents per pound applied to other 
countries. 

Presidential Proclamation 5140, Decem- 
ber 19, 1983,* changed the rate of duty on 
imported mercury metal from countries 
with most-favored-nation status, in cents 
per pound, as follows, effective January 1 of 
year indicated: 1984—6.6; 1985—6.2; 1986— 
6.3; and 1987—96.4. 
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Table 7.—U.S. imports for consumption of mercury, by country 


Count 
WT Flasks 

Algeria. edd uus c 
Canada _ _ ee 112 
China EE 801 
Denmark. .— 322 nasa 900 
Dominican Republic -________________ 129 
¡A ole e Lt LLL D CU (2) 
Germany, Federal Republic of. Mor 
Italy SORRENTO: 
Japan = ee oa as ta 2,372 
MOK ICO n eege Kee 104 
Netherlands_____________________-_ ac, 
Philippines _____________~_________ = 
SG icons. ecg a A ER oe oe dae ec ee 4,989 
Turkey EE 500 
United Kingdom `- ---------------—-——- M 
Yugoslavia. ——------------------—- 2,901 

TOCADA ti pa m et tais 12,408 

!Less than 1/2 unit. 
WORLD 


The decrease in world mine production 
was attributed largely to an excess of world 
secondary mercury supplies and depressed 
European prices. 

Canada.—In late 1982, to comply with 
environmental standards, Cominco Ltd. 
opened a $15 million plant to remove mer- 
cury vapors released in the roasting of 
- concentrates at its operations at Trail, Brit- 
ish Columbia. Mercury was expected to be 
recovered in the form of mercurous chlo- 
ride. Cominco's Pinchi Lake Mine remained 
closed in 1983. 

Czechoslovakia.—Plans to mine up to 
50,000 metric tons of mercury ore per year, 
beginning in 1985, continued. The new mine 
will be located near Presov, Czechoslovakia. 
A concentrator was under construction at 
the minesite. The concentrates will then be 
transported to a processing plant of the 
Rudne Bane Banska Bystrica National 
Corp. 

Italy.—The Monte Amiata mercury mine 
remained closed during the year because of 
insufficient demand, large inventories, and 
low prices. Italy’s 1982 production was ade- 
quate to meet its goal of self-sufficiency in 
1982 and 1983. 

Japan.—The Japanese Ministry of Inter- 
national Trade and Industry (MITI) ordered 
the remaining 22 Japanese mercury-cell 
chlor-alkali processors to convert to the 
diaphragm-cell or membrane-cell process by 
June 30, 1986. As the conversions continue, 
secondary mercury production and invento- 
ries were expected to rise. MITI also order- 
ed secondary processors to sell the reclaim- 
ed mercury to domestic thermometer and 


1981 1982 1983 

Value Value Value 
(thou- Flasks (thou- Flasks (thou- 
sands) sands) sands) 

Si US A 1,795 $560 

$78 5 $14 19 

308 100 42 a Ix 

201 390 161 " M" 

54 — Lx 100 28 

(1) Ee ee A ie 

Ee 2 1 13 20 

= LE TN 500 122 

925 4,345 1,444 511 179 

29 182 59 1,590 426 

E 200 62 1,501 359 

881 293 MT at 

2,021 1,404 484 3,408 1,063 

197 900 286 1,333 385 

SE? 507 157 2,031 657 

1,192 T Së En M 

5,005 8,916 3,003 12,786 3,813 

REVIEW 


battery manufacturers. 

Spain.—The Almadén region remained 
the only producer of mercury and was the 
second largest world producer in 1983. 
Three mines, the Almadén, El Entredicho, 
and Las Cuevas, comprised the Almadén 
region and were operated by Minas de 
Almadén y Arrayanes S.A., a mining com- 
pany owned by the Spanish Government. It 
was reported that the Government had 
agreed to buy Almadén's excess prime vir- 
gin mercury for its newly created mercury 
stockpile. This was in response to low Euro- 
pean prices and a surplus of reclaimed 
mercury worldwide. 

U.S.S.R.—Mine production in the 
U.S.S.R. comprised an estimated 34% of 
total world mine production. Ore was mined 
from Khaydarkan in southern Kirgiziya, 
Nikitovskiy in the Ukraine, and Zakar- 
patskiy in Zakarpatskaya Oblast. A new 
mercury-antimony operation, the Dzhid- 
zhikrutskiy complex, was under construc- 
tion in the Tadzhik S.S.R. Increased devel- 
opment in recent years has enabled the 
U.S.S.R. to become self-sufficient in mercu- 
ry. 
Yugoslavia.—In September 1983, the Id- 
ria mercury mine in Slovenia (northwestern 
Yugoslavia) resumed operation after closing 
in early 1977 because of low prices and 
declining grade of ore. The discovery of a 
new ore body was the major factor in 
reopening the mine. Production was about 
1,500 flasks in 1983. The mine was schedul- 
ed to produce about 8,700 flasks in 1988. 
Most of the mercury produced at the mine 
was expected to be consumed domestically. 
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Table 8.—Mercury: World mine production, by country! 


The Bureau of Mines, in cooperation with 
the operators of the McDermitt Mine, in- 
vestigated a method for recovering mercury 
metal from mercury sulfide concentrates 
using hydrometallurgical techniques. The 
preliminary report demonstrates the feasi- 
bility of leaching mercury with a cupric 
chloride solution and electrowinning mer- 
cury from the resultant solution.* 

The Bureau of Mines evaluated various 
methods for identifying sources of mercury 
vapor in excess of the threshold limit value 
of 0.05 milligram per cubic meter of air in 
mines and mineral processing plants. The 
best method appeared to be a spot test that 
used a commercially available test paper 
sensitive only to mercuric ions.’ 

A patent was issued on a container that 
prevents contamination and leakage of me- 
: tallic mercury during transportation and 
storage.* 


(Flasks) 
Country 1979 1980 1981 1982P 1983* 
s) Algeria 2222. neu Ec Edu 14,719 24,403 25,000 11,000 10,000 
NU UIT 20,000 20,000 20,000 20,000 20,000 
.. Czechoslovakia_______-_-_-_------------- 4,960 t4612 4,438 4,380 4,380 
Dominican Republic ~~ --- 281 159 Ti 49, 40 
Finland a a Eesen 1,348 2,170 1,949 1,848 1,848 
Germany, Federal Republic ot... 2,639 1,624 2,205 1,537 22 005 
AI a EA EE ei 96 7,427 4,612 ee 
O e ee 1,973 4,206 6,962 8,558 8,000 
SPA o O a 33,275 743,038 46,008 48,808 48,000 
TUTO == Ee 4,722 4,461 5,927 7,144 3,650 
A IN EE 61,000 62,000 63,000 64,000 ,000 
United States... - -- - -----------------——- 29,519 30,657 27,904 25,760 225,070 
Yugoslavia -------------------------—— e EIS 2a le 1,500 
Totals ii CU ee 174,436 1197,426 210,897 197,696 188,493 
“Estimated. Preliminary. "Revised. 
1Table includes data available through Apr. 11, 1984. 
?Reported figure. 
TECHNOLOGY 


! Mineral specialist, Division of Nonferrous Metals. 

2Flask, as used throughout this chapter, refers to the 76- 
pound flask. | 
 SFederal Register. National Emission Standards for 
Hazardous Air Pollutants. V. 48, No. 215, Nov. 4, 1983, pp. 
51064-51066. 

*U.S. House of Representatives. The Extent and Impact 
of Mercury Releases and Other Pollutants at the Depart- 
ment of Energy's Oak Ridge Complex at Oak Ridge, 
Tennessee. Committee on Science and Technology. 98th 
Congr., lst sess., House Rep. No. 98-558, Nov. 17, 1983, 42 
pp. 


. The Impact of Mercury. Releases at the Oak 
Ridge Complex. Committee on Science and nd 
Subcommittee on Investigations and Oversight, and Su 
committee on Energy Research and Production. 98th 
Congr., 1st sess., Committee Print 44, July 11, 1983, 951 pp. 
"Federal Register. Proclamation of Trade Agreements 
With Japan and Spain Providing Ge Conces- 
sions. V. 48, No. 247, Dec. 22, 1983, pp. 56553-56559. 
SAtkinson, G. B., J. E. Murphy, and J. A. Eisele. 
Recovering Mercury From a Flotation Concentrate E 
Continuous Leaching-Electrolysis. BuMines RI 8769, 1983, 


9 pp. 

"Neylan, D. L., H. C. Triantafillou, and S. L. Law. 
Methods for Determining Sources of Mercury Vapor in the 
Workplace. BuMines IC 8921, 1983, 15 pp. 

5Lawrence, J. B., and B. J. Lawrence (assigned to 
Bethlehem Apparatus Co. Inc., PA). Mercury Containers. 
U.S. Pat. 4,416,382, Nov. 22, 1983. 


Mica 


By Lawrence L. Davis? 


In 1983, a total of 140,000 short tons of 
scrap and flake mica was reported produced 
in the United States, a 32% increase from 
1982 production. 

Nearly all sheet mica supply continued to 
be imported. Consumption of mica block 
decreased by 1396 to 83,000 pounds. Con- 
'" sumption of mica splittings declined 20% to 
2.1 million pounds. The value of sheet mica 
exports decreased 29% to $4.1 million. Im- 
ports of sheet mica decreased 3296 to 2.6 
million pounds. 

Domestic Data Coverage.— Domestic pro- 
duction and consumption data for mica 


were developed by the Bureau of Mines by 
means of three separate, voluntary, domes- 
tic surveys and one mandatory domestic 
survey. Of the 55 canvassed operations to 
which 1 or more of the 4 survey forms were 
submitted, 54 operations, or 98% responded, 
representing more than 99% of the total 
mica production and consumption shown in 
table 1. Production and consumption for the 
nonrespondent was estimated by adjusting 
reported prior year production levels using 
the percentage decrease for respondent data 
for 1983 compared with that for 1982. 


Table 1.—Salient mica statistics 


1979 1980 1981 1982 1983 
United States 

Production (sold or used by producers): 
Sheet mica -___________ thousand pounds. . 1 NA NA NA NA 
leede ae D thousands. _ (1) NA NA NA NA 
Scrap and flake mica ...... thousand short tons. 134 116 1833 . 106 140 
1 CDI thousands. _ $7,108 $6,262 $8,212 796,398 $6,479 
Ground mica _________ thousand short tons. _ 122 111 117 96 130 
Value dene Be e etre thousands_ _ $15,169 $14,870 $17,440 $16,106 $18,702 

Consumption 
lock. nean thousand pounds. . 277 156 166 95 83 
Vallés e na e thousands $1,841 $1,886 $1,533 $1,366 $993 
Rim Lee thousand pounds. . 5 4 3 3 3 
Valencia oe PUR thousands. _ $25 $18 $13 $15 $16 
Splittings `... thousand pounds. _ 4,877 4,383 4,386 2,639 2,120 
Valle eo thousands. _ $3,248 $3,101 $3,064 $2,032 $1,394 
Exports _______________ thousand short ae z 12 ET T12 T12 © ll 
Imports- AA A 10 12 13 10 8 
World: F Production... thousand Scania ™514,351  *501,356 525,968 P474,867 “534,831 
*Estimated. "Preliminary. "Revised. NA Not available. 
1Less than 1/2 unit. 

Legislation and Government Pro- al Services Administration were 58,000 


grams.—The Government inventory of 
stockpile-grade natural sheet mica was re- 
duced by 2% to 25.5 million pounds by 
yearend. Sales of sheet mica by the Gener- 


pounds of muscovite film, 578,000 pounds of 
muscovite splittings, and 8,000 pounds of 
phlogopite splittings. No SE block 
mica was sold. 
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Table 2.—Stockpile goals and Government inventories for mica, December 31, 1983 


(Thousand pounds) 
Inventory 
. Non- Available 1983 
Material Goal Stockpile stock- " for i sales 
grade pile isposa 
grade 
Block: 
Muscovite, Stained and better ________________ 6,200 5,006 207 E EX 
PhlOBODIUB eege etu LL T E ean ae 210 17 114 cs = 
Film: Muscovite, lst and 2d qualities `. 90 1,221 1 TT 58 
Splittings: 
US COV o sc uu gece i e 12,630 17,587 ee 4,542 578 
ee AA a i as et 93 1,673 Ge 738 
DOMESTIC PRODUCTION 


Scrap and Flake Mica.—U.S. production 
of scrap (flake) mica? was 140,000 tons 
valued at $6.5 million. North Carolina re- 
mained the major producing State with 
49% of the total. The remainder was pro- 
duced in Connecticut, Georgia, New Mexico, 
Pennsylvania, South Carolina, and South 
Dakota. Most of the scrap (flake) mica was 
recovered from mica schist, high-quality 
sericite schist, and as a byproduct of kaolin, 
feldspar, and lithium beneficiation. The five 
leading producers were, in order of output, 
Pacer Corp., Custer, SD; Mineral Industrial 
Commodities of America Inc. (M.1.C.A.), 
Santa Fe, NM; Lithium Corp. of America 
Inc., Gastonia, NC; Feldspar Corp., Spruce 


IL; M.I.C.A., Santa Fe, NM; Harris Mining 
Co., Spruce Pine, NC; and Kings Mountain 
Mica, Kings Mountain, NC. 

Production of low-quality sericite, primar- 
ily for use in brick manufacturing, was 
39,000 tons valued at $122,000; from this 
was produced approximately 41,500 tons of 
ground sericite valued at $263,200. Low- 
quality sericite is excluded from tabulated 
data contained in this report. 


Table 3.—Scrap and flake mica’ sold or 
used by producers i m the United States, by 
tate 


(Thousand short tons and thousand dollars) 


Pine, NC; and Kings Mountain Mica Co., zu Quantity Value 
Kings Mountain, NC. 197922 LLL LLL clo o 134 7,108 
Ground Mica.—Production (sold or used) lui; eee te Ger 
of ground mica, from scrap and flake mica, 1982________________ 106 76398 
increased 35% to 130,000 tons, valued at T 
$18.7 million. Dry-ground mica, 91% of the North Carolina_______ 69 4,266 
total, increased by 39%, whereas wet- Other States? _______- 71 2,213 
ground mica increased by 9%. Twelve com- Total 140 6,479 


panies operated 16 grinding plants; of these, 
12 produced dry-ground and 4 produced wet- 
ground mica. Leading ground mica produc- 
ers were, in order of output, Pacer, Custer, 
SD; United States Gypsum Co., Chicago, 


‘Includes finely divided mica recovered from mica schist 
and high-quality sericite schist, and mica that is a byprod- 
uct of feldspar, kaolin, and lithium beneficiation. 

Includes Connecticut, Georgia, New Mexico, Pennsyl- 
vania, South Carolina, and South Dakota. 


Table 4.—Ground mica: sold or used by producers in the United States 
(Thousand short tons and thousand dollars) 


y Dry-ground Wet-ground Total? 
ear 
Quantity Value Quantity Value Quantity Value 
A Ns 108 10,840 14 4,329 122 15,169 
I9B A re tes AA 100 11,381 10 3,490 111 14,870 
4 A RnR Un Rovira ER RA 107 13,439 11 4,001 117 17,440 
1982 I a ce a MM UL oe 85 11,604 11 4,502 96 16,106 
ts EEN 118 3,907 12 4,195 180 18,702 


1Domestic and some imported scrap. Low-quality sericite is not included. 
2Data may not add to totals shown because of independent rounding. 
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CONSUMPTION AND USES 


Sheet Mica.—Consumption of muscovite 
block (ruby and nonruby) totaled 73,600 
pounds, a decrease of 14% from that of 1982. 
Of the total muscovite block fabricated, 
78% went into electronic uses; of this, about 
three-fourths was used in vacuum tubes. Of 
the muscovite block fabricated for non- 
electronic uses, 16% went into gauge glass 
and diaphragms. Most of the decrease in 
consumption was in Stained quality, al- 
though it remained in greatest demand, 
accounting for 74% of consumption. Con- 
sumption of grade No. 6 increased by 76% 
while consumption of other grades decreas- 
ed. 

Eight companies continued to consume 
muscovite block and film in eight plants in 
seven States; two in North Carolina and one 
each in Massachusetts, New Jersey, New 
York, Ohio, Pennsylvania, and Virginia. 
The New York, Pennsylvania, and Virginia 
companies consumed 83% of the total. 

Phlogopite block fabrication totaled 9,800 
pounds, an increase of 496 from that of 1982. 
The block was consumed by four companies 
in four States. 

Consumption of mica splittings decreased 
20% to 2.1 million pounds. Muscovite split- 
tings from India accounted for 98% of the 
consumption. The remainder was phlogo- 
pite splittings from Madagascar. The split- 


tings were fabricated into various built-up 
mica products by 11 companies operating 11 
plants in 9 States. 

Built-up Mica.—The primary use of this 
mica-base product, made by mechanical or 
hand setting of overlapping splittings and 
alternate layers of binders and splittings, 
was as electrical insulation material. Total 
production, sold or used, of built-up mica 
decreased 2596 from that of 1982. Molding 
plate and segment plate continued to be the 
major end products, accounting for 29% and 
27% of the total, respectively. 

Reconstituted Mica (Mica Paper).—Five 
companies consumed 5.0 million pounds of 
scrap mica to produce 3.6 million pounds of 
mica paper. The principal source of this 
scrap mica was India. Primary end uses for 
mica paper were the same as those for built- 
up mica. Manufacturing companies, in or- 
der of output, were General Electric Co., 
Schenectady, NY; Proctor-Silex Div., SCM 
Corp., Mount Airy, NC; Kirkwood-Acim 
Corp., Hempstead, NY; U.S. Samica Corp., 
Rutland, VT; and Corona Film Inc., West 
Townsend, MA. 

Ground Mica.—The major end uses con- 
tinued to be joint cement, 47%, and paint, 
14%. Other end uses included oil well drill- 
ing mud, roofing, and rubber. 


Table 5.—Fabrication of muscovite ruby and nonruby block and film mica and 
phlogopite block mica in the United States in 1983, 
by quality and end-product use 


(Pounds) 


Electronic uses 


Nonelectronic uses 


Variety, form, Bie Grand 
and quality Capac- Tubes Other Total! _É2%% ^ Other ^ Tota ` total 
phragms 
Muscovite 
Block: 
Good Stained or better _ 600 200 100 900 2,100 1,000 3,100 4,000 
Stained... s 40,800 10,800 51,600 400 2,200 2,600 54,200 
Lower than Stained? _ _ _ ae 2,700 2,200 5,000 100 10,400 10,400 15,400 
Total! _________ 600 43,100 13,100 91,900 2,900 13,600 16,100 13,600 
Film: 
lst-quality _________ 1,400 ene M 1,400 As oe m 1,400 
2d-quality |... 1/700 ER “> ` 17700 E RS TZ 1700 
Total: v umo 3,100 E mel 3,100 — De tes 3,100 
Block and film: 
Good Stained or better? _ 3,700 200 100 4,000 2,100 1,000 3,100 7,100 
Stained? __________ -— 40,800 10,800 51,600 400 2,200 2,600 54,200 
Lower than Stained ` _ _ = 2,700 4 : 100 10,400 10,400 15,400 
Total? 3,700 43,700 13,100 60,600 2,500 13,600 16,100 76,700 
Phlogopite: Block (all qualities) _ mS SC 200 200 Sica 9,600 9,600 9,800 


1Data may not add to totals shown because of independent rounding. 


2Includes punch mica. 
“Includes 1st- and 2d-quality film. 
“Includes other-quality film. 
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Table 6.—F abrication of muscovite ruby and nonruby block and film mica in the 
United States in 1983, by quality | 


(Pounds) 
; No. 4 | 
Form, variety, and quality and No. 5 No. 5-1/2 No. 6 Other! Total? 
larger : 
Block: 
Ruby: | 
Good Stained or better |... 3,400 200 100 200 — zc 3,900 
Stained acing Se i 5,800 18,900 18,500 7,100 2,600 52,800 
Lower than Stained _________ 4,400 500 800 1,400 6,800 13,900 
Total* cs os et ee ee 13,600 19,600 19,300 8,800 9,400 70,600 
Nonruby: . 
Good Stained or better ______ _ 100 Se a as x Se 100 
Stained) EE 800 EN 400 300 es 1,400 
Lower than Stained _______~ _ 1,000 site m 400 TM 1,500 
q A srn ena 1,900 ge 400 700 d 3,000 
Total block (ruby and 
nonruby)? |... 15,400 19,600 19,700 9,500 9,400 73,600 
Film: 
Ruby: 
Ist-quality. _.-._-___________ ys 400 300 200 s 900 
2d-quality - --- ----------- Ges 500 400 300 de 1,300 
Total?_______________ 900 700 600 __ 2200 
Nonruby: 
lst-quality. ..____________ NV e 200 300 Sue 500 
2d-quality EE Ete E 400 ER BE 400 
dk BEE BS SEN 600 300 D 900 
Total film (ruby and 
nonrubyY? _____._____ 22 900 1,200 900 Ss 3,100 


1Figures for block mica include all smaller than No. 6 grade and punch mica. 
2Data may not add to totals shown because of independent rounding. 


Table 7.—Consumption and stocks of mica splittings in the United States, by source 
(Thousand pounds and thousand dollars) | 


India Madagascar Total! 
Quantity Value Quantity Value Quantity Value 
Consumption: 

1970 eeh 4,714 2,745 163 503 4,877 3,248 
EE 4,216 2,543 167 557 4,383 3,101 
j|.) ia E SOE E 4,268 2,601 117 463 4,386 3,064 
EE e 2,576 1,775 63 257 2,639 2,032 
DOGS ce A E E A 2,079 1,257 41 137 2,120 1,394 

Stocks on Dec. 31: 
A E 2,331 NA 110 NA 2,441 NA 
T980 to o a on ds lo Md 2,917 NA 69 NA 2,986 NA 
O e ia et e 2,621 NA 101 NA 2,722 NA 
1989 C et ee es es EL E 1,922 NA 42 NA 1,964 NA 


1989. nt suec a ahs a uu. 1,187 NA 148 NA 1,335 NA 


NA Not available. 
1Data may not add to totals shown because of independent rounding. 
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Table 8.—Built-up mica’ sold or used in the United States, by product 
(Thousand pounds and thousand dollars) 


1982 1983 
Product - 
Quantity Value Quantity Value 
Molding plate ______________________________- 1,018 3,119 634 1,803 
Segment plate. - - cos a a Ecc ER ee SD 947 3,115 593 1,960 
Heater plate tai eS er ee Li 72 201 101 370 
Flexible (cold) -—-—--------------—---------—-——— 222 1,033 192 842 
KE i ae Ee Sica en E he e Nu ale Aan eee EE 387 2,211 289 2,065 
A A ae obi Alert ee ciis 241 1,239 356 1,935 
DOTA ira ts a P En e a cen ia ds 2,886 10,919 2,164 8,975 


„Consists of alternate layers of binder and irregularly arranged and partly overlapped splittings. 
2Data may not add to totals shown because of independent rounding. 


Table 9.—Ground mica sold or used by producers in the United States, by end use 
(Thousand short tons and thousand dollars) 


1982 1983 
End use , E 
Quantity Value Quantity Value 
(e Ee o at t C ito A ot W W W W 
Well-drilling Müd a a a i i i ta A a iu W W 13 1,364 
Pülhb- ke a e ro EE cn do Dyer 15 2,852 18 2,897 
Joint cement Eege es E 49 6,947 61 8,955 
AAA AA 32 6,306 39 5,486 
Total? aa na e ny a ta te hg eal iaa 96 16,106 130 18,702 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 

1Includes mica used for agricultural products, molded electrical insulation, plastics, rubber, welding rods, textile and 
decorative coatings, and uses indicated by symbol W. 

2Data may not add to totals shown because of independent rounding. 


STOCKS 


Reported yearend consumer stocks of mica splittings represented 84% and mica 


| sheet mica were 1.6 million pounds; of this, 


block represented 16%. 


PRICES 


Average reported values of consumed 


muscovite sheet mica decreased as follows: 


block, 16% to $13.06 per pound; film, 3% to 
- $5.18 per pound; and splittings, 13% to $0.60 
per pound. The average value of phlogopite 
block decreased 24% to $3.29 per pound 
while the value of phlogopite splittings 


decreased 17% to $3.35 per pound. 

The average value of crude scrap (flake) 
mica, including high-quality sericite, was 
$46.31 per ton. The average value per ton 
for North Carolina scrap (flake) mica, pre- 
dominantly a flotation product, was $61.96. 
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Table 10.—Average reported price for dry- 
and wet-ground mica sold or used by U.S. 
producers in 1983 


(Dollars per short ton) 
Kind Price 

Wet-ground ooo 397 

Dry-ground __________~__________ 118 
End uses: 

TEE W 

Well-drilling MUA. or a Ae 109 

aint e e dee 164 

Joint.cement _________________ 146 

OGG res eee Ir 142 


W Withheld to avoid disclosing company proprietary 


data; included with “Other.” 

‘Includes mica used for agricultural products, molded 
electrical insulation, plastics, rubber, welding rods, textile 
and decorative coatings, miscellaneous, and use indicated 
by symbol W 


FOREIGN TRADE 


The United States remained a net export- 
er of ground mica, exporting 16.4 million 
pounds valued at $2.1 million, while import- 
ing 10.3 million pounds valued at $1.9 mil- 
lion. Ground mica was exported to 41 coun- 
tries. The leading countries of destination 
were Canada, 29%, Mexico and Spain, 13% 
each, and France, 11%. Canada supplied 
more than 99% of ground mica imports. 

Imports of unmanufactured block, film, 
and splittings decreased by 40% to 1.9 
million pounds. India remained the primary 
source, accounting for 70% of the imports. 

The total value of exported cut, stamped, 
and built-up mica was $4.0 million, a de- 


crease of 27%. Canada continued to be the 
leading country of destination, accounting 
for 38% of the total. The United Kingdom 
received 10%, Mexico and Spain received 
7% each, and.the remainder went to 43 
countries. The total value of imports of 
these materials decreased by 12% to $2.6 
million. Of this, 51% by volume came from 
Belgium, 23% from India, and 18% from 
Japan. 

The combined value of all mica exports 
was $6.8 million, a decrease of 22%. The 
total imported mica value was $5.8 million, 
a 12% decrease. 


Table 11.—U.S. exports of mica and manufactures of mica in 1983, by country 
(Thousand pounds and thousand dollars) 


Scrap and flake mica Sheet mica 
Manufac- 
Unmanufactured 
Country Ground or Waste and block, film, and tured, cut or 
pulverized scrap ae stam 
splittings built-up 
Quantity Value Quantity Value Quantity Value Value 
Australia. ____~___________ _ 58 9 es Gg d E 129 
Brazil. tem cs ne 12 2 T ES 239 
“anada EE 4,780 492 938 127 mex Si 1,506 
Se Pett arg ee 1,732 249 lox TEN S L- Se 
eii Federal Republic of _ _ _ _ 568 73 ud c M M 56 
India — —— soot "E dE 4 1 SEN Se 229 
Indonesia `. . .. . ... ...--- 152 15 ze dens 36 28 nae 
Haly i. ocu need tec 410 49 168 21 Ee = 262 
J pee KEE 8 3 aum 8 3 HMM 
THEN A 1,052 166 922 131 10 39 134 
Korea, Republic of |... 324 98 68 10 mci Gë 74 
NO eo ee Bese ee 700 147 42 7 Sc ae, 3 
Mexico ----------------—-- 2,208 229 26 4 Te m 283 


See footnotes at end of table. 
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Table 11.—U.S. exports of mica and manufactures of mica in 1983, by country 
—Continued 


(Thousand pounds and thousand dollars) 


Scrap and flake mica Sheet mica 

Manufac- 
Country ue e Waste and s tured, cut or 

pulverize scrap splittings eU me 

Quantity Value Quantity Value Quantity Value Value 

Netherlands_______________ 630 125 80 10 de er 9 
Spain 2-2 2,112 213 190 27 Se UN 286 
nited Kingdom ____________ 254 28 718 102 6 35 393 
Venezuela |... 684 80 366 42 10 4 3 


Other o NA 758 138 452 64 gie? a 397 
Total es et a 16,430 2,112 3,986 545 70 109 4,001 


1Some shipments of ground mica are included in this category. 

2Includes Algeria, Argentina, Austria, The Bahamas, Bahrain, Belgium, Bermuda, the Cayman Islands, Chile, China, 
Colombia, Costa Rica, Ecuador, Egypt, El Salvador, the French Pacific Islands, Hong Kong, Hungary, Ireland, Israel, the 
Leeward and Windward Islands, Malaysia, Morocco, New Zealand, Nigeria, Pakistan, Panama, Peru, the Philippines, 
Saudi Arabia, Singapore, the Republic of South Africa, Sweden, Switzerland, Taiwan, Trinidad and Tobago, the Turks 
and Caicos Islands, the United Arab Emirates, and Uruguay. 

3 Data may not add to totals shown because of independent rounding. 


Table 12.—U.S. imports for consumption of scrap and flake mica, by country 
(Thousand pounds and thousand dollars) 


Ground or 
ts Waste and scrap pulverized 
Quantity Value Quantity Value 
iL p aia ir ie "8.075 r915 13,369 "1,390 
KEE "5,030 T427 710,824 1,724 
1983: 
A A elu c dari et 1,102 53 Ss ES 
Canada. sae Se eter 89 5 10,288 1,863 
Idle ee enu Sete 2,555 252 NT E 
(O A ee 40 6 -- ee 
E EE See E 13 9 
Switzerland. _____________-___~— zs = l 1 
Total icu eaa 3,787 316 10,304 1,873 
"Revised. 


1Data may not add to totals shown because of independent rounding. 


Table 13.—U.S. imports for consumption of unmanufactured sheet mica, by country 
(Thousand pounds and thousand dollars) 


Not cut or stamped, 
Block Splittings not over 0.006 inch 
Country in thickness! 
Quantity Value Quantity Value Quantity Value 
IRI cuc ior rd es A 40 308 3,439 1,531 5 15 
LEE 89 244 3,084 1,181 (2) 24 
1983: e 
CN EE 11 44 9 2 = n 
Canada -— oux es 9 20 148 94 "T ne 
France ooo. 3 12 134 72 T n 
India o osea 2] 85 1,199 392 116 79 
¡E AMA r a e aa ur 124 93 
E A aaen eaa a —- 1 (2) 38 37 
Morocco _______________ a EN 86 35 SR AM 
Other A asaan a 1 7 2 13 ae one 
Total®? «22 nuca 44 169 1,577 608 278 209 
"Revised. 
!Including film. 


2Less than 1/2 unit. 
3Data may not add to totals shown because of independent rounding. 
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Table 14.—U.S. imports for consumption of manufactured sheet mica, by country 
(Thousand pounds and thousand dollars) 


Cut or stamped 
Not over 0.006 inch Over 0.006 inch Plates and et 
in thickness in thickness built-up esd seed 
Quantity Value Quantity Value Quantity . Value Quantity Value 
OS I ae ee ala 75 T981 1177 71,044 395 917 41 "435 
T982 A 67 730 157 798 468 1,042 32 366 
1983: 
Belgium ___________ _ 1 4 zi zc: 377 665 (1) (1) 
Hong Kong ---------- Se ie PS EK M Ss 2 3 
IndiB... —— ee 46 599 EN 338 29 88 3 73 
Japan ua a ani (1) 3 92 354 33 135 10 41 
Netherlands `, es TN Ao Sa 17 30 4 28 
Taiwan ____________ (1) 8 (1) 1 RE? Sat 4 16 
United Kingdom- _ _ __ _ _ (7) 10 1 9 eee gas 13 80 
Other cocoa (1) 9 3 30 4 8 5 44 
Total? __________ 48 633 186 731 460 927 41 292 
"Revised 


1Less than 1/2 unit. 
2Data may not add to totals shown because of independent rounding. 


Table 15.—Summation of U.S. mica trade data 
(Thousand pounds and thousand dollars) 


EXPORTS 
Scrap and flake mica Sheet mica 
Unmanufactured Manufactured 
Ground or Waste and , 
: block, film, and cut or stamped, 
pulverized scrap! splittings built-up 
Quantity Value Quantity Value Quantity Value Quantity Value 
CB 11,692 71,378 11,644 ` 1,669 10 4 NA "5,225 
1980- enki ees fe a ee 16,374 2,247 11,964 1,714 586 — 239 NA 7,665 
NORD IEEE wi es MN 13,954 . 2,085 7,588 1,085 298 267 NA 71,001 
| |< ERR 16,746 12,144 5,254 742 294 296 NA 5,499 
LOB a dee EA 16,430 2,112 3,986 545 70 109 NA 4,001 
| IMPORTS FOR CONSUMPTION 
Scrap and flake mica D Sheet mica 
Groundor Wasteand Unmanufactured Manufactured, 
: block, film, and cut or stamped, 
pulverized scrap' solittings built-up 
Quantity Value Quantity Value Quantity Value Quantity Value 
1919. on E beue 19,063 1742 5,840 484 4,925 2,671 776 2,929 
I980 A A 11,345 1,065 6,936 663 5,013 2,648 831 3,487 
Ee 13,369 1,390 8,075 915 3,484 1,854 1688 3,377 
AAA A 110,824 1,724 5,030 427 3,173 1,449 724 2,936 
RRE 10,304 1,873 3,787 316 1,899 986 735 


"Revised. NA Not available. 
1Some shipments of ground mica are included in this category. 
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WORLD REVIEW 


World production of all forms of mica 
increased 13% to 535 million pounds, pri- 
marily because of increased U.S. production 
of scrap and flake mica. India continued to 
lead the world in production of sheet mica. 
The United States remained the leader in 
production of scrap (flake) mica. 

In total mica production, the United 
States and the U.S.S.R. remained first and 
second, respectively. India’s mica produc- 
tion fell 12%, moving India from third to 
fourth, behind the Republic of Korea. China 
increased its production and continued to 
increase its exports of scrap mica and might 
have equaled or surpassed India in total 
mica production.’ Reliable figures for China 
are not available. 

India.—The Government's Mica Trading 
Corp. (MITCO) continued with its plans to 
develop new plants for ground mica and 
fabricated mica products. A new plant, 
capable of producing 3,000 tons per year of 
micronized mica, began trial production 
early in the year. MITCO and a Japanese 
firm collaborated on a plant for manufac- 
turing mica paper. The Japanese firm 
agreed to purchase one-half of the produc- 
tion from the 900-ton-per-year plant. Efforts 
were also underway to establish a wet- 
ground mica plant.‘ 

The U.S.S.R. continued to be India's larg- 


est customer. MITCO also signed agree- 
ments to supply mica to Czechoslovakia, the 
German Democratic Republic, and Poland." 
Exports to countries with centrally planned 
economies accounted for 70% of the value of 
India's mica exports.* 

Sri Lanka.—The State Mining and Min- 
eral Development Corp. was examining the 
Balulla and Haputale districts in hope of 
locating good-quality sheet mica. Low- 
quality scrap mica had been produced in 
these districts for many years, and sheet 
mica was believed to be available at depth.’ 

U.S.S.R.—The Ust-Kamenogoesk  tita- 
nium and magnesium combine tested a 
synthetic mica and found that it possessed 
resistance to heat and chemical attack. The 
combine planned to double production to 
meet demand for the materials 


! Physical scientist, Division of Industrial Minerals. 
"Production of high-quality sericite is included in the 
totals; however, figures for low-quality sericite, used prin- 
cipally for brick manufacturing, are not included. 
3Industrial Minerals (London). No. 189, June 1988, p. 27. 
ning Magazine (London). V. 149, No. 5, Nov. 1983, 
01. 


5Industrial Minerals (London). No. 188, May 1983, p. 61. 
PU S Embassy, New Delhi, India. Indian Non-Fuel 
Minerals Resources and Mineral Based Industries: Indus- 
trial Outlook-1983. State Dep. Airgram A-11, Mar. 5, 1984. 
"Industrial Minerals (London). No. 193, Oct. 1983, p. 71. 
5Page 91 of work cited in footnote 3. 


Table 16.—Mica: World production, by country! 


See footnotes at end of table. 


(Thousand pounds) 
Country? 1979 1980 1981 1982P 1983€ 
Argentina 
CO AAA E ie 194 481. 97 53 70 
Waste, scrap, etc _____________ 2,513 1,358 1,012 657 660 
Brazil (exports) - -- ------------—- 8,982 10,620 4,297 9,920 ` 4,400 
Canada cu m Luc eet ete 24,200 22,000 24,000 22,000 23,000 
France? 2222 15,400 15,400 15,000 14,300 13,200 
India: 
Exports: 
Block 2 il 2,476 1,737 €2,200 €2 400 2,400 
Film and disk |... 582 724 €220 €440 400 
Splittings- ---------_--__ 9,160 3,606 €7,900 €8,800 7,000 
d EEN 17,177 15,603 €31,000 €17,600 15,500 
Powder custodia 9,685 30,876 €15,400 *11,000 9,000 
Manufactured -__-__-_______ 860 3,861 e660 e660 1,100 
Domestic consumption, all forms*® _ _ _ 6,600 6,600 6,600 6,600 6,600 
TOCA o da | 46,540 63,007 *63,980 €47,500 42,000 
Korea, Republic of (all grades) _____--_ 22,057 22,773 €22,000 44,875 44,100 
Madagascar (phlogopite): l 
BOC EM A 134 185 736 661 600 
Sheet and splittings |... 2,438 3,631 e See — 
SCD ee NA NA 108 110 110 
DOR CO WEE 536 r7 937 4,519 265 440 
‘Mozambique (including scrap)? _____-_ 3553 440 440 440 440 
Peri cL 2-2 ea ELE 35 110 1,265 *1,200 1,200 
South Africa, Republic of: 
Sheet... me ie oh or c eee (4) (4) Gen 27 Seen 
Serap eege LR Le 3,192 9,913 5,280 3,871 5,700 
SPAN = See ei Se es 11,395 10,650 7,769 7,557 7,500 
Sri Lanka (scrap... 814 320 401 642 600 
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Table 16.—Mica: World production, by country’ —Continued 


(Thousand pounds) 

Country? 1979 1980 
LE 4,409 $3,300 
Tanzania (sheet) _____________ _ - 13 22 
U.S.S.R. (all grades!'_____________ 101,000 101,000 

United States:* ; 

Sheet? en eL nme A es 1 NA 
Scrap and flake _____________ 268,000 232,000 
Yugoslavia _______________ _- 745 549 
Grand total... ™514,351 ™501,356 


“Estimated. Preliminary. ‘Revised. NA Not available. 


1Table includes data available through May 9, 1984. 


1981 


4,409 
11 
104,000 
NA 
266,000 
984 


525,968 


1982P 


2,205 
11 
106,000 
NA 
212,000 
*600 


414,861 


1983* 


2,200 
11 
108,000 
NA 
280,000 
600 


534,831 


2In addition to the countries listed, China, Namibia, Norway, Pakistan, Romania, Sweden, and Zimbabwe are known to 
produce mica, but available information is inadequate to make reliable estimates of output levels. 


3Reported figure. 
*Less than 1/2 unit. 


5Ground mica production was deleted because it was production from, not in addition to, scrap and flake mica 


production. 
- SExcludes U.S. production of low-quality sericite. 


Molybdenum 


By John W. Blossom: 


Domestic and foreign molybdenum mar- 
kets were imbalanced in 1988. Worldwide 
mine production exceeded demand, while 
consumer stocks were kept at a minimum. 
U.S. mine output of molybdenum decreased 
60% compared with that of 1982 and repre- 
sented 25% of the world production. Re- 
ported end-use consumption of molybdenum 
in raw materials and apparent domestic 
demand declined compared with that of 
1982. World demand for molybdenum fell, 
resulting in smaller quantities of molybde- 
num exported from the United States. Do- 
mestic producer stocks of molybdenum con- 
centrate and products decreased by 53%, 


but confronted with large stock inventories, 
domestic producers’ prices were weak dur- 
ing the year. World market prices were 
below those of most U.S. producer price 
listings for most of the year. 

Domestic Data Coverage.—Domestic pro- 
duction data for molybdenum are developed 
by the Bureau of Mines by means of three 
separate, voluntary surveys. These surveys 
are the Molybdenum Ore and Concentrate, 
Molybdenum Concentrate and Molybdenum 
Products, and Molybdenum Concentrates. 
Out of the 55 operations to which surveys 
were sent, all responded, representing 100% 
of the total production shown in table 1. 


Table 1.—Salient molybdenum statistics 


(Thousand pounds of contained molybdenum and thousand dollars) 


United States: 
Concentrate: 
Production: 1. aaa do la test a 
Shipments - -—-------------------———— 
Valdes «c eon ttn E E Ar 
Consumption ----—-----------------—— 
Imports for consumption ----------------— 
Stocks, Dec. 31: Mine and plant `. 
Primary products: 
PErOQUCLIOD EE 
Shipments NEE 
Consumption __________________-_--- 
Stocks, Dec. 31: Producers... 


1979 1980 1981 1982 1983 
143,967 150,686 139,900 784,381 33,951 
143,504 149,311 118,916 "16,135 49,163 

1$871,068 — $1,344,181 $945,540 "$504,089 $167,164 
103,152 108,206 80,725 49,444 21,014 
2,329 1,825 1,988 3,115 1,121 
9,520 18,101 35,043 738,510 11,637 
101,753 106,284 105,824 65,381 37,033 
109,419 95,391 64,368 47,884 49,587 
60,388 53,265 50,189 27,665 27,225 
8,502 27,007 44,961 749,402 28,323 
229,350 "241,734 241,125 P207,344 “137,861 


World: Mine production... 


“Estimated. Preliminary. ‘Revised. 


1For 1979, value is based on the average domestic price of molybdenum in technical-grade molybdic oxide ($6.07 per 


pound) sold by the major domestic producer. 


DOMESTIC PRODUCTION 


Domestic mine production of molybde- 
num decreased for the third consecutive 
year to a total of 34 million pounds of 
contained molybdenum. (The country’s 
three largest producers in 1983 were The 
Anaconda Minerals Company, Duval Corp., 


and Kennecott Minerals Co., which togeth 
produced 77% of the year’s total productio 
Molybdenum produced in association 
with domestic copper mining accounted for 
over 89% of total U.S. output compared 
with 38% in 1982. Anaconda, Duval, and 
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Kennecott are the leading producers of 
molybdenum from  copper-mining oper- 
ations. Other domestic mining companies 
that recovered molybdenum from copper 
ore were/(Anamax Mining Co, ASARCO 


Incorporated, Cyprus Mines Corp., Inspira-’ 


per Co., and Phelps Dodge Corp. 

Domestic producers attempted to correct 
oversupply conditions by reducing produc- 
tion, and canceling or extending new proj- 
ect development. | 


tion Consolidated Copper Co., ) Cop- 
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$ The Anaconda mine at Tonopah, NV, 


Molycorp Inc. mine at Questa, NM, and 
Amoco Minerals Co.'s Thompson Creek 
Mine, Challs, ID, started operating during 
the fourth quarter of the yeaJAM Inc. 
kept its two mines in Colorado closed. 
Despite the worldwide surplus of fnolyb- 
denum stocks in 1983, U.S. Borax & Chemi- 
cal Corp. continued the development of its 
Quartz Hill molybdenum project east of 
Ketchikan, AK. 


Table 2.— Production, shipments, and stocks of molybdenum products in the 
United States 


(Thousand pounds of contained molybdenum) 


1982 1988 1982 1983 1982 1983 
Molybdic Metal _ Ammonium 

oxides! powder molybdate 
Received from other producers -__._.-------- 4,912 13,818 824 263 852 1,089 
Gross production during year - - ------------- 52,176 21,105 8,842 4,587 2,195 2,781 
Used to make other products listed here -....... 16,822 16,558 539 921 1,282 1,676 
Net production --ococococoocooooooooooooo- 85,854 11,148 8,304 3,667 913 1,055 
Shipments A A 37,143 37,667 3,693 3,874 1,696 2,058 
Producer stocks, Dec. 31 ---~-------------- 41,855 22981 448508 1072 1088 

Sodium 

molybdate Other? Total 

Received from other producers -------------- 14 49 76 — 151] 6,178 16,780 
Gross production during year -~ - - - ----------- 121 91 7,047 2,819 65,881 87,533 
Used to make other products listed here |... (3) He 15 91 18,658 19,246 
Net ‘production eet eg or 121 191 7,035 2,221 46,727 18,288 
Shipments: 22 css aa ade lia 115 204 5,237 5,784 47,884 49,587 
Producer stocks, Dec. 31 _.______________-_~_ 48 79 5,984 3,722 49,402 28,323 


"Revised 


!Includes technical and purified molybdic oxide and briquets. 
“Includes ferromolybdenum, calcium molybdate, phos Saa beac acid, molybdenum disulfide, molybdic acid, 


molybdenum metal, pellets, molybdenum pentachloride, an 


3Less than 1/2 unit. 


moly 


enum hexacarbonyl. 


CONSUMPTION AND USES 


The quantity of molybdenum in concen- 
trate roasted domestically to produce 
technical-grade molybdic oxide decreased to 
27 million pounds, about 45% below that of 
19€ 7. The remainder of the mine production 
of concentrate, containing about 7 million 
pounds of molybdenum, was either exported 
for conversion, or purified to lubrication- 
grade molybdenum disulfide. The oxide, or 
roasted concentrate, is the chief form of 
molybdenum utilized by industry, particu- 
larly steel, cast iron, and superalloy produc- 
ers. However, some of the material is also 
converted to other molybdenum products, 
such as ferromolybdenum, high-purity ox- 
ide, ammonium and sodium molybdate, and 
metal powder. 

Apparent domestic demand (calculated 
from mine production, imports minus ex- 
ports, and change in industry stocks) 


decreased by about 71% from that of 1982 to 
16.7 million pounds of molybdenum. The 
decline in apparent demand was the fourth 
since 1979 and reflected the depressed eco- 
nomic conditions existing in 1983. Likewise, 
total reported end-use consumption of mo- 
lybdenum in raw materials decreased about 
1.6% from that of 1982. Molybdenum con- 
sumed in oxide form (technical-grade, puri- 
fied, and briquets) accounted for about 
64% of total reported consumption; in 
ferromolybdenum and calcium molybdate, 
13%; and in other forms, 23%. 

Molybdenum reported as consumed in the 
production of steel accounted for 60% of 
total consumption in 1983. Approximately 
27% of consumption was attributed to 
other metallurgical uses, such as cast irons, 
superalloys, and as a refractory metal. 
Catalyst, lubricant, pigment, and other 
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nonmetallurgical applications composed the 
final 13% of total consumption. Nearly all 
end-use areas exhibited a decline in molyb- 
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denum consumption when compared with 
those of 1982. 


Table 3.—U.S. consumption of molybdenum, by end use 
(Thousand pounds of contained molybdenum) 


Ammonium Other mo- 
Molybdic Ferromo- ; 
End use M ı andsodium lybdenum Total 
oxides lybdenum molybdate materials? 
1982 
Steel: 
Carbon ee ebe eege 766 125 i 12 903 
Stainless and heat resisting RIMIS FEN 2,129 456 ME 133 3,318 
Füllalloy n o ii a eme 9,571 1,105 UM 33 10,709 
High-strength, low-alloy --------------- 678 344 2 2 1,024 
q A nah Ss ee Ghee 736 209 = 5 950 
ST EE 368 1,032 on 6 1,406 
Superalloys uc ee eee ces 595 152 BN 857 1,604 
Al ove (excludes steels and superalloys): 
SE and | alloy hard-facing rods and materials s 185 as 12 197 
Other alloys? ~- -------------------- 243 93 Se 95 431 
Mill products made from metal powder - - - - - - - oye = Le 2,980 2,980 
Chemicals and ceramics: 
Pigments AAA SLE Lt W M 327 € 327 
Catal vite: MEME 1,735 er W 98 1,838 
hèrs pe A necare - 8 me xe 892 895 
Miscellaneous and unspecified. - - - - - -------- 366 48 571 103 1,088 
TOMA ina a os 17,790 3,749 898 5,228 27,665 
1983 
Steel: 
Carbo cierra ias 540 82 SE 18 640 
Stainless and heat resisting ------------- 3,942 472 Ss 131 4,545 
Full alloy <= ie de o qe 7,834 955 Tar 19 8,808 
High strength, low-alloy `. 422 251 de 21 694 
Bs cot fates Nhe ah A a ce tee EE et yet E 1,192 456 om 10 1,658 
Cast ir 10 A EEE 201 834 ës 24 1,059 
Superalloys - ` - - -------------------—-— 1,081 124 Em 1,339 2,544 
Al oye (excludes steels and superalloys): 
elding and alloy hard-facing rods and materials xc 106 D 16 122 
Other alloys? as ee ate eee 207 66 Ss 116 389 
Mill products made from metal powder `... — oa e a 3,210 3,210 
Chemicals and ceramics: 
Pigments AA AI E 318 ad 318 
Catalysts- - -- co cree hai hm LE de eas 1,611 ZE W 51 1,662 
Other 0d aum a o E Ja 685 691 
Miscellaneous and unspecified... 421 o1 349 58 885 
q OE" PE 17,457 3,403 667 5,698 27,225 


W Withheld to avoid disclosing company proprietary data. 


1Includes calcium molybdate. 


2Includes purified molybdenum disulfide, molybdenite concentrate added directly to steel, molybdenum metal powder, 
molybdenum metal, pellets, and other molybdenum materials. 


3Includes magnetic and nonferrous alloys. 


STOCKS 


Total industry stocks, which include pro- 
ducers and consumers, decreased by almost 
53% to 43.6 million pounds of contained 
molybdenum. Inventories of molybdenum 
in concentrate at mine locations registered 
a decline from 38.5 to 11.6 million pounds. 
Producers’ stocks of molybdenum in con- 
sumer products, such as oxide, ferro- 
molybdenum, molybdate, metal powders, 
and other types, decreased from 49.4 


million pounds at the beginning of the year 
to 28.3 million pounds by yearend. Compar- 
ed with monthly molybdenum shipments, 
yearend producers' stocks of these materi- 
als totaled almost a 5-month supply. Do- 
mestic consumers held inventories of about 
4 million pounds throughout most of the 
year, representing approximately a 2- 
month supply when compared with average 
monthly reported consumption. 
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(Thousand pounds of contained molybdenum) 


Material 1979 1980 1981 1982 1983 
Concentrate: Mine and plant ______________________ 9,520 18,101 35,048 38,510 11,637 
Producers: 
Molybdic oxides! ______________________ Lee 6,172 22,825 38,999 41,855 22,981 
Metal powder suc ee Ce a eke eee 270 560 507 443 503 
Ammonium molybdate_________________-____-- 381 944 1,075 1,072 1,038 
Sodium molybdate ___________________-_____-_ 58 48 27 48 79 
A IO 1,621 2,630 4,353 5,984 3,722 
POCA AA he a ees ee tS ee 8,502 27,007 44,961 "49,402 28,323 
Consumers: 
Molybdic oxides? ____________________ 22222 Ro 5,102 3,816 3,217 2,103 1,467 
Ferromolybdenum?______________~____________ 1,872 1,507 914 616 570 
Ammonium and sodium molybdate _________-____-_- 325 280 167 16 70 
Othért Gelee 1,761 1,813 1,467 1,386 1,567 
DO EE 9,060 7,416 5,765 4,181 3,674 
Grand total- EE 27,082 52,524 85,769 "92,093 ^. 43,634 
"Revised. 


Includes technical and purified molybdic oxide and briquets. 


Table 4.—Industry stocks of molybdenum materials, December 31 


2Includes ferromolybdenum, calcium molybdate, phosphomolybdic acid, molybdenum disulfide, molybdic acid, 


molybdenum metal, pellets, molybdenum pentachloride, and molybdenum hexacarbonyl. 
3Includes calcium molybdate. 


‘Includes purified molybdenum disulfide, molybdenite concentrate added directly to steel, molybdenum metal powder, 


molybdenum metal, pellets, and other molybdenum materials. 


PRICES 


The price of molybdenum and its products 
(per pound of contained molybdenum) rose 
from a low in January of $2.35 for oxide toa 
high in July of $4.20 for oxide. During the 
second half of the year the price moved 


slowly down, closing out the year at $3.75 
for oxide. The average price of dealer oxide 
was $3.65 or $0.45 less than the average 
price in 1982. 


Table 5.—Domestic price listings for 
molybdenun, in 1982 


(Per pound) 
Price 

Producer quotes: 

Concentrate. creerle tasa 191.90 

Oxide oo esee Eh Eege 18.50 

Oxide-export |. ooo 18.75 

Ferromolybdenum. - ----------—-—- 19.40 

Ferromolybdenum-export |... 19.90 
Dealer quotes: 

Oxide? eps ct ee all o ie 4.10 


1Standard Climax listing suspended Dec. 16, 1982. 
2Dealer quote for oxide is $3.65 for 1983. 


FOREIGN TRADE 


Exports.—Exports of molybdenum in con- 
centrate and oxide dropped to 47.1 million 
pounds, 5.5% below that of 1982. Molybde- 
num concentrate exports were about 136% 
of domestic mine production. Approximate- 
ly 87% of reported concentrate and oxides 
was shipped to Belgium-Luxembourg, the 
Federal Republic of Germany, Japan, the 


Netherlands, and the United Kingdom. Ex- 
ports of other molybdenum materials were 
almost negligible and varied slightly from 
those of 1982. The calculated molybdenum 
content of all exports increased from 51.3 
million pounds in 1982 to 57.6 million 
pounds in 1983. Because of lower unit price, 
the total value of exports fell from $294 
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million in 1982 to $224 million in 1983. 
Imports.—Approximately 8.2 million 
pounds of molybdenum in various forms 
was imported into the United States, a 
decrease of 14.8% compared with that of 
1982. This quantity represented 7.5% of 
supply and 49% of apparent demand for 
1983. Total value of all forms of molybde- 
num imported decreased 30% from $50 
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imports were Canada, Chile, China, and 
Peru. China was a notable supplier of am- 
monium molybdate. 


Table 6.—Molybdenum reported by 
producers as shipments for export 
from the United States 


(Thousand pounds of contained molybdenum) 


million in, 1982 to $35 million in 1983. In peer. e 
terms of both value and quantity, the major Molybdenite concentrate BEE 21,870 22 
: eat olybdic oxide - - - -- - - - - -- -—-—- ; ,941 
forms imported were as concentrate, MIS- A1] other primary products ______ 437 839 
cellaneous materials in chief value molyb- 
denum, and ammonium molybdate. The 
principal originating countries for these 
Table 7.—U.S. exports of molybdenum ore and concentrates (including roasted 
concentrates), by country 
(Thousand pounds of contained molybdenum and thousand dollars) 
1981 1982 1983 
Country : 
Quantity Value Quantity Value Quantity Value 
AUSTEN ia eds 2,723 21,793 1,523 8,485 2,179 8,105 
Belgium-Luxembourg __________________- 2,518 24,069 2,458 14,312 4,354 20,171 
Brazil 505-254 a ee E cse Lei 115 1,052 30 1 55 246 
Canada > rara si eh cl a ai 369 2,204 1,482 4,236 475 1,377 
Olea car aa els a 2,315 7,691 3,197 6,062 1,394 1,988 
Y AA 408 3,381 304 413 274 593 
Germany, Federal Republic of ______________ 5,080 30,374 7,502 22,712 6,148 20,918 
A A E 7,958 73,567 5,411 37,394 4,531 17,706 
MEXICO: == sis ee 863 5,969 68 3 13 52 
Netherlands ________________________- 22,027 189,116 20,688 115,358 20,700 95,598 
weden A AS II era rA 1,840 13,556 1,928 5,099 1,475 3,032 
Switzerland io ii ti il LE 81 39 40 135 aye E 
AA E 1,080 9,547 BS We E 
United Kingdom ______________________ 3,501 20,047 4,740 15,191 5,208 14,336 
¡EI os AAA 472 4,055 412 2,320 262 1,000 
TOU et tea 51,350 406,816 49,783 232,214 47,068 185,122 
Table 8.—U.S. exports of molybdenum products, by country 
(Thousand pounds, gross weight, and thousand dollars) 
1982 1983 
Product and country - 
Quantity Value Quantity Value 
Ferromolybdenum:! 
PSUR RU 222 oru e Hii E ENEE 67 376 e =a 
EA EE 8 36 18 65 
ORT AA AAA A 129 400 5 20 
MALAYSIA A ii ea erat Eé 4 6 
Merco Ee 34 133 e a 
Deen 2 11 20 72 
South Africa, Republic of ---------------------—----———— ae NE 9 30 
IR diat NE PEE 15 79 116 494 
Total a uoc e i Le uns een ee ee 255 1,035 171 687 
Metal and alloys in crude form and scrap 
¿E ef eg ee es et A cS ee eee 204 109 141 132 
Canada EE 23 168 39 288 
RE SS se 1 12 
Germany, Federal Republic of - - ----------------------—— 198 434 42 75 
loda EEN 4 34 3 21 
OCT EE 116 740 105 430 
DONOR NCO EE 53 595 E -- 
Netherlands. EE 5 40 36 66 
EE 27 79 Se SS 
et EENG 2 26 fe Kë 
United Kingdom: EE (3) 9 112 592 


See footnotes at end of table. 
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Table 8.—U.S. exports of molybdenum products, by country —Continued 
(Thousand pounds, gross weight, and thousand dollars) 


1982 1983 


Product and count MÀ a 
Gg Quantity Value Quantity Value 


Metal and alloys in crude form and scrap —Continued 


Other se se soe ee ii ee E 15 83 98 242 
Total o ue n cou A ee pci at lee Er 697 2,317 577 1,860 
Wire: 
Argentihaü nni a ee i ot (3) 12 2 53 
EUREN (3) 14 Bei m 
AUSA EE (3) 
Bahamas cuoc m ee 128 186 141 212 
Belgium-Luxembourg -----------------------------——- 1 28 4 69 
ra T A h od E EE 17 444 
Canada EE 28 468 16 225 
Franco- EEN 12 232 136 
Germany, Federal Republic of ~- - - - -- ------------------- 130 2,188 49 708 
¡A A A A 92 108 
Italy EE 1,088 48 929 
A L eT: AAA A A EE 13 1,720 116 1,792 
Mozi O AAA AA A AS e Le E 12 289 7 204 
Netherlands - -_---.-.-..- EE 27 930 83 902 
Singapořó <= sa e a Ld le (3) 2 E n 
South Africa, Republic of ~- ---- ---------------------——-— 4 71 1 
A A pt 22 347 27 850 
O A A A 10 206 6 82 
anita Kingdom: js aia ee eee eee 55 7 87 
EES 48 746 182 1,126 
Tots is 632 9,072 610 7,085 
Powder: 
AUSLPHIIS == men SL. 1 4 3 
Belgium-Luxembourg ------------------------------- 224 295 (3) 2 
a Tv m 8 12 8 26 
EE 9 148 68 805 
Germany. Federal Republic Eege 49 225 1 15 
Italy- ou ec EM cee ee EE. 1 30 2 44 
Dr EE 8 64 13 50 
Mekito eebe 29 190 7 31 
ND d E, TEE 3 18 33 162 
wedel EE i 9 71 
Taiwan ENEE EE es 83 1,225 121 1,502 
United Kingdom -eniai a ii ee ee es 9. 59 2 
|o =) EE EE 6 59 80 284 
tee Ee 426 2,356 396 2,737 


Auüstralió cuni oe E pe EE uere. pc a it de de ia en (3) 19 (3) 5 
Belgium-Luxembourg _____________~_____~___ ee (3) 17 39 380 
EE tee EE 22 698 10 339 
Canada EE 33 800 25 546 
E EE 6 237 14 500 
Germany, Federal Republic of _________________--______ _ 31 647 13 224 
NN ia SE at ce EE 24 613 4 143 
Mexico EE 5 120 1 11 
IEN EE EE H 47 24 618 
| Sel IER 0) 9) 6 EE (3) 6 1 59 
Singapore uo mi mu a ELI Ls ia a AL (3) 6 2 63 
South Africa, Republic of --—------------------------——-— 18 439 2 59 
United Kingdom. aiii a rs SE ay ciis 40 914 76 1,483 
BA II A A E 7 199 6 159 
TotHl* ucc cu ta e ro o te EN Lr 190 4,762 216 4,589 
Molybdenum compounds: 

e ET A DM LU Lol iE Bee in Met 2 18 2 14 
RT A TT i esie tanos Elie des Reg ha KH e DIRE 87 378 117 418 
Belgium-Luxembourg -----------------------------—-— 244 447. (3) 1 
¡A AAA e lee 85 255 27 84 
Canada sn E en ke a ES 1,088 5,338 223 832 
Germany, Federal Republic of - - - ----------------------—- 635 1,311 880 1,464 

E ET 5,333 20,469 6,310 17,118 
Merco EE 81 447 37 
Netherlands - - ----------------------—-—-—--------——-—- 2,178 5,303 90 181 

WOdGN DEE 0 32 55 
Taiwah A RA AA A AA 22 121 (3) 2 
Emag Kingdom ccena e EE 2,025 6,134 379 943 

EE 301 1,325 529 1,009 
Ku AA A E 12,441 41,806 8,597 22,158 


lFerromolybdenum contains about 60% to 65% molybdenum. 
2Data may not add to totals shown because of independent rounding. 
3Less than 1/2 unit. 


MOLYBDENUM 


Table 9.—U.S. imports for consumption of molybdenum materials 


(Thousand pounds and thousand dollars) 
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1982 1983 
TSUS : Con- Con- 
No. Material Gross tained Value Gross tained Value 
weight ^ molyb- weight ^ molyb- 
denum denum 
601.33 Ore and concentrate ______________ 6,332 3,115 13,429 2,986 1,673 3,528 
603.40 Material in chief value molybdenum .... 4,577 2,749 12,143 5,711 3,445 12,985 
606.31 Ferromolybdenum `... 1,665 1,218 6,308 1,157 79 3,189 
628.70 Waste and scrap________________~- NA 258 1,474 NA 406 2,141 
628.72 Unwrought.... 2.3 e rec NA 67 1,370 NA 97 1,398 
628.74 Wrought — Age 79 NA 1,959 94 NA 2,331 
417.28 Ammonium molvbdate - - ---------- 3,193 1,782 8,298 1,718 1,037 3,966 
419.60 Molybdenum compounds `... 507 293 1,833 2,407 677 3,048 
421.10 Sodium molybdate |... 38 15 96 149 . 88 305 
423.88 Mixtures of inorganic compounds, | 
chief value molybdenum ---------- 164 121 1,643 41 18 265 
473.18 Molybdenum orange . o 870 NA 1,160 1,476 NA . 1,841 
Toar ag dir pt tg ee t 17,425 9618 49,718 15,739 8,240 34,997 
NA Not available. 
Table 10.—U.S. import duties on molybdenum materials 
Most favored nation (MFN) Non-MFN 
TOUS Material 
O. Jan. 1, 1984 Jan. 1, 1987 Jan. 1, 1984 
601.33 Ore and concentrate |... 10.1 cents per pound _ 9 cents per pound... _ 35 cents per pound. 
603.40 Material in chief value 7.5 cents per pound 6 cents per pound 50 cents per pound 
molybdenum. plus 2.3% ad plus 1.9% ad plus 15% ad valor- 
valorem. valorem. em. 
606.31 Ferromolybdenum .... 5.6% ad valorem `. — 4.5% ad valorem ___ 31.5% ad valorem. 
Molybdenum: 
628.70 aste and scrap _-_-- 7.7% ad valorem `. — 6% ad valorem `.  — 50% ad valorem. 
628.72 Unwrought |... ..... 1.6 cents per pound 6.3 cents per pound 90 cents per pound 
plus 2.3% ad plus 1.9% ad plus 15% ad valor- 
valorem. valorem. em. 
628.74 Wrought __________ 8.8% ad valorem ___ 6.6% ad valorem ` — 60% ad valorem. 
Molybdenum chemicals: 
417.28 Ammonium molybdate 5.0% ad valorem _ __ 4.3% ad valorem ___ 29% ad valorem. 
418.26 Calcium molybdate_ _ _ 4.8% ad valorem ___ 4.7% ad valorem _ __ 24.5% ad valorem. 
419.60 Molybdenum | 
compounds. 3.5% ad valorem ..... 3.2% ad valorem _ __ 20.5% ad valorem. 
420.22 Potassium molybdate _ 3.3% ad valorem `. — 3% ad valorem `.  — 23% ad valorem. 
421.10 Sodium molybdate _ _ _ 4.2% ad valorem ___ 3.7% ad valorem ___ 25.5% ad valorem. 
423.88 Mixtures of inorganic 
compounds, chief 
value molybdenum. 3.1% ad valorem ... 2.8% ad valorem ___ 18% ad valorem. 
413.18 Molybdenum orange .. _ 4.2% ad valorem ___ 3.7% ad valorem ..... 25% ad valorem. 


WORLD REVIEW 


World mine production of molybdenum 
was 138 million pounds, a decrease of 34% 
from that produced in 1982. Over 83% of 
world production was supplied by Canada, 
Chile, the U.S.S.R. (production estimated), 
and the United States. Although compre- 
hensive statistics on world consumption 
were not available, market evidence clearly 
indicated that for the fourth year in suc- 
cession supply exceeded demand. World 
molybdenum consumption continued to de- 
cline and production was reduced. Stocks 
decreased, but they exceeded more than 1 
year's demand. 

Canada.—Molybdenum production (ship- 
ments) in Canada decreased by about 25% 


in 1983 below that of 1982. Molybdenum 
output from Lornex Mining Corp. Ltd. in- 
creased by 16% during 1983 as a result of 
increased output, higher grade ore, and 
improvement in mill recovery. In February, 
Noranda Mines Ltd. closed its Boss Moun- 
tain Mine. | 

Brenda Mines Ltd., a subsidiary of Noran- 
da, suspended operations in September. A 
sand flotation circuit and larger flotation 
cells that were installed in 1982 resulted in 
a 4% improvement in mill recovery. Placer 
Development Ltd.'s Endako Mine remained 
closed. However, the Endako roaster oper- 
ation was continued on a partial operation 
throughout the year. Gibraltar Mines Ltd. 
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finished processing the last of its stockpiled 
low-grade ore in August. The source of mill 
feed was switched to the small west zone, 
supplemented with ore from the East Pit. 
AMAX of Canada Kitsault Mine remained 
closed. 

Chile.—Molybdenum production in Chile 
decreased 25% in 1983 compared with that 
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of 1982. The Corporación Nacional del Co- 
bre de Chile was the sole producer of molyb- 
denum from its four divisions: Chuquicama- 
ta, El Teniente, El Salvador, and Andina. 
The decreased production of molybdenum 
was due to a large drop in ore grade. 


1Physical scientist, Division of Ferrous Metals. 


Table 11.—Molybdenum: World mine production, by country! 
(Thousand pounds of contained molybdenum) 


Country? 


Bulgaria ta EE 


Canada (bhipments) 
Chile 
China‘ 
Ja 


Mexico 


r 


“Estimated. Preliminary. ‘Revised. 
1Table includes data available through May 24, 1984. 


EE 
Korea, Republic of ` 


1979 1980 1981 1982 1983* 
ae 330 330 330 330 330 
SO 24,634 26,211 31,160 30,779 . 23,100 
TE 29,895 30,133 33,863 44,198 33,100 
S 4,400 4,400 4,400 4,400 4,400 
Se 154 "123 163 214 210 
a 417 661 1,025 796 880 
SS 105 163 992 11,442 11,700 
nae 2,637 5,926 5,485 6,378 5,800 
T 311 T7201 207 126 90 
— 22,500 22,900 ,600 24,300 24,300 
-- 143,967 150,686 139,900 84,881 33,951 
-- 229,350 "241,734 241,125 207,344 137,861 


2In addition to the countries listed, North Korea, Mongolia, Niger, Romania, Turkey, and Yugoslavia are believed to 
produce molybdenum, but output is not reported quantitatively, and available general information is inadequate to make 


reliable estimates of output levels. 


Nickel 


By Scott F. Sibley: 


The nickel market rebounded in 1983 as 
general economic conditions improved. Re- 
ported domestic consumption increased 
about 23% compared with that of 1982, 
reversing a 3-year downward trend. De- 
mand recovery was most pronounced in 
nickel consumption for stainless steel and 
corrosion-resistant alloy production, as well 
as electroplating. However, the recovery 
was not as dramatic in alloy steels, super- 
alloys, and nickel-copper alloys. The market 
for nickel was tempered by continuing high 
interest rates, which effectively curtailed 
investment in the capital goods sector of the 
economy on which more than 40% of the 
nickel demand depends. This sector in- 
cludes new chemical and petrochemical 
plant construction and expansion, which 


was expected to revive in late 1984. The 
surge in demand in 1983 was largely attrib- 
uted to a recovery in durable goods demand, 
beginning early in the year. Producer in- 
ventories in the United States declined to 72 
million pounds. Producers worldwide oper- 
ated on average at about 50% of capacity 
and managed to pare their inventories con- 
siderably. Despite the more favorable de- 
mand situation, prices remained at relative- 
ly depressed levels. 

Major consumption occurred in stainless 
and alloy steel, 44%; nonferrous alloys, 
34%; and electroplating, 18%. Cathode 
nickel prices, listed by séveral major pro- 
ducers, remained at $3.20 per pound, but 
spot prices averaging $2.20 per pound pre- 
vailed. 


Table 1.—Salient nickel statistics 
(Short tons of contained nickel unless otherwise specified) 


1979 1980 1981 1982 1983 
United States: 
Mine production’ ___________________________ 15,065 14,653 12,099 3,203 =e 
Plant production: i 
Domestic ores ______ ~~ ~~~ ~~~ ~~ ___ ee 11,691 11,225 10,305 3,456 
Imported materials - ---------------------- 32,500 33,000 - 38,500 41,500 33,400 
Secondary” === nose id e ta 13,201 11,338 11,696 8,557 NA 
Exports (gross weight) _____________________--_- 50,810 56,675 46,836 57,029 43,913 
Imports for consumption _____~_____~__________~~- 177,205 189,188 209,008 129,787 152,333 
Consumption (primary) _________________------ 196,293 156,299 144,851 103,981 127,845 
Stocks, Dec. 31: Consumer - - - ---------------—--—— 19,518 15,231 22,508 18,853 20,448 
Price, cents per pound? _______________________ 193-320 320-345 345-320 "150-260 178-235 
World: Mine production - - - --------------------—- "156,467 "859,426 802,628 P705,136 €759,342 


“Estimated. "Revised. NA Not available. 
data. 

1Mine shipments. 

2Nonferrous scrap only; does not include nickel from stainless or alloy steel scrap. 


3Prices after 1981 are monthend New York dealer price ranges, based on Metals Week quotations. 


PPreliminary. W Withheld to avoid disclosing company proprietary 


Legislation and Government  Pro- detained by the U.S. Customs Service until 


grams.—The U.S. Department of the Treas- 
ury announced November 21 that effective 


December 21 all unfabricated nickel and ` 


nickel-bearing materials imported directly 
or indirectly from the U.S.S.R. would be 


such time as their release was authorized by 
the Office of Foreign Assets Control. The 
ban did not apply to Soviet nickel-bearing 
materials reexported to the United States 
from a third country, such as France or the 
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Federal Republic of Germany, where stain- 
less steel or other alloys may be produced 
from Soviet nickel. This measure was taken 
to enforce the ban on importation of nickel 
from Cuba into the United States, based on 
information that almost one-half of the 
total nickel production of Cuba was export- 
ed to the U.S.S.R. Most of that material was 
concentrate for refining to electrolytic nick- 
el. U.S. imports of Soviet nickel in 1983 
comprised 3% of total U.S. imports. In 
addition, an agreement was reached with 
Japan, whereby Japan would certify that its 
exports of stainless steel to the United 
States contained no Cuban nickel. Similar 
certification agreements were being nego- 
tiated with other countries. 

AMAX Nickel Inc. sold 750,000 pounds of 
nickel to the Bureau of the Mint during the 
week of September 19. The nickel was 
bought from AMAX Nickel at $2.37 per 
pound, considerably above the free market 
price of about $2.25 per pound. The pur- 
chase was made less that 3 weeks before 
bids were to be opened from companies 
seeking to supply the Mint with an addi- 
tional 4 million pounds of nickel. Under 
regulations governing procurement, the 
Mint may bypass formal bidding processes 
in an emergency. In this case, the emergen- 
cy was declared because of a shortfall in 
nickel supplies at Olin Corp., East Alton, IL, 
where nickel is alloyed with copper and 
rolled into strips for making coin blanks. 

Both the inventory and goal for nickel in 
the National Defense Stockpile remained 
unchanged at 32,209 and 200,000 short tons, 
respectively. 

An Exclusive Economic Zone (EEZ), 
which extended U.S. jurisdiction off the 
coast of the United States and its island 
territories to 200 nautical miles, was pro- 
claimed by the President March 10, 1983. 


MINERALS YEARBOOK, 1983 


The action followed by several months the 
rejection by the United States of the Inter- 
national Law of the Sea Treaty, signed by 
117 nations December 10, 1982, in Caracas, 
Venezuela. The declaration of an EEZ was 
potentially important with respect to min- 
erals because of the discovery of nickel- 
bearing, mineral-rich crusts located within 
this zone. 

Under the Clean Water Act of 1977, 
effluent limitations on 65 priority pollu- 
tants were required to be achieved by July 
1, 1984, including nickel salts. On October 
25, 1988, the Environmental Protection 
Agency (EPA) published proposed regula- 
tions concerning effluent limitations on 
nickel salts under the best practicable con- 
trol technology.? Seventeen facilities were 
identified as nickel salt producers that were 
direct or indirect dischargers. For nickel 
sulfate, chloride, nitrate, and fluoborate, 
the proposed limitation was 0.0096 pound 
per 1,000 pounds of product. For nickel 
carbonate, the proposed limitation was 
0.00074 pound per 1,000 pounds of product. 
There was not expected to be any problem 
of industry compliance with the new regula- 
tions. The EPA, in a separate action, re- 
leased a draft of its health assessment on 
nickel. This was the first step in determin- 
ing whether nickel should be regulated as a 
hazardous pollutant under the Clean Air 
Act. According to the draft, the general 
population has between 0.2 and 0.3: micro- 
gram of nickel per deciliter of blood, while 
nickel refinery workers show levels three or 
four times that amount. Urban dwellers 
inhale less than 1 microgram of nickel per 
day. The report notes that no data exist to 
show whether these low levels of exposure 
lead to increased cancer risks to the popula- 
tion atlarge. 


DOMESTIC PRODUCTION 


On November 4, the Hanna Mining Co., 
the Nation's only integrated nickel produc- 
er, announced the reopening of its mine and 
smelter in Riddle, OR. However, because of 
the time required for preparation of equip- 
ment (about 45 days), production of ferro- 
nickel had not yet resumed by yearend. 
New power and labor agreements were the 
principal factors that enabled the company 
to end an 18-month shutdown. Concerning 


power, on September 30, the Bonneville 


Power Administration approved Hanna's 
power proposal, which called for Hanna to 
operate at a reduced power rate during off- 


peak hours: 18 hours at night Monday 
through Friday, 15 hours on Saturday, and 
24 hours on Sunday. The base rate was 7 
mils (0.007 cent per kilowatt-hour). In addi- 
tion, a 2-year labor agreement with the 
United Steelworkers of America Local 5074 
brought approximately 280 employees back 
to work. Hanna officials stated that al- 
though the nickel market remained unfa- 
vorable, it was hoped that prices would 
improve and that significant cost reductions 
would be achieved. Mine production capaci- 
ty is about 15,000 short tons of nickel in ore 
per year. 


NICKEL 


AMAX Nickel shut down its Braithwaite, 
LA, nickel refinery for 2 months for inven- 
tory adjustment. Production resumed Au- 
gust 29. Production for the year was 33,400 
tons, 19% less than that of 1982. 

California Nickel Corp. planned to build a 
$5 million demonstration plant near its 
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Gasquet Mountain nickel laterite property 
in Del Norte County, northern California. 
The plant was to be completed by the end of 
1984. About 30 people were to be employed 
at the plant, which was to process 75 tons of 
ore per day to produce 1,000 pounds of 
nickel and 100 pounds of cobalt per day. 


Table 2.—Nickel recovered from nonferrous scrap processed in the United States, 
by kind of scrap and form of recovery 


(Short tons) 
1982 1983 
KIND OF SCRAP 
New scrap: 
EI ZE, aaa nS ds ya ce ene a e li a he a yet 1,055 NA 
Copper-base___ _______-_ _ dl P Pe IA 1,929 NA 
AluminuH base 220 e Vi I Nt yen es net td 1,656 NA 
Total Loans a ee is LE M AL ie ME LA LP LLL LEE Set 4,640 NA 
Old scrap: 
Nickel D88e -—- n ue as eg 3,036 NA 
Copper Dase- —— uu c calc ccu x tut LE IL LLL E 395 NA 
Aluminum: SC se i A A A 486 NA 
do) AMA etme ED BE A Mel E M Da E Cu A ey E RN 3,917 NA 
Grand total mede Sea a a IE 8,557 NA 
FORM OF RECOVERY 
EE EE 515 NA 
In nickel-base alloys- - - - - - - - - ------------------—---—--——------—---—-—-— 1,470 NA 
In copper-base alloys ------------------------—------------—-------—-— 2,114 NA 
In aluminum-base alloys - - - - --- -----------------——-—-—--—---------—--—- 2,441 NA 
In ferrous and high-temperature alloys! Met MONROE echt econ A 1,022 NA 
In chemical compounds- - - - - - - - - -----------------—--—----—-—----—--—---—-— 395 NA 
A A EE EE 8,557 NA 
NA Not available. 


1Includes only nonferrous scrap added to ferrous high-temperature alloys. 


CONSUMPTION 


Total demand, including secondary nick- 
el, was estimated to be 204,379 tons, an 
increase of 13% over that of 1982. Apparent 
consumption of primary nickel of 153,379 
tons was a marked improvement over that 
of 1982. Reported consumption of primary 
nickel was about 23% higher than that of 
1982, reflecting general economic condi- 
tions. The most significant increases oc- 
curred in stainless steel and other nickel 
alloys. 

The share of the primary nickel market 
held by unwrought nickel was about 7646 in 
1983, the same as that in 1982; ferronickel 
decreased its share from 15% in 1982 to 
12% in 1983, while nickel oxide sinter 
increased from 4% to 8% of the market. 
The pure nickel forms (Class I) were utilized 
principally in electroplating and in the 
production of wrought and cast nickel 
products—including high-nickel, heat- and 


corrosion-resistant alloys—and copper-base 
alloys. Ferronickel and oxide sinter were 
used primarily in the production of stain- 
less and alloy steels. The latter is often 
referred to as charge or Class II nickel. The 
pattern of nickel consumption by type of 
product remained similar to that of 1982, as 
follows: stainless and heat-resistant steels, 
37%; electroplating, 18%; heat- and cor- 
rosion-resistant alloys, 20%; superalloys, 
9%; alloy steels, 8%; and other, 8%. In 1983, 
wrought products accounted for 97% of 
total nickel consumed in stainless steel 
production, 87% of that consumed in alloy 
steel production, 82% of that consumed in 
superalloy production, and 92% of that 
consumed in nickel-copper and copper- 
nickel alloys production. The balance of 
nickel in each category was consumed in 
castings. 
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Table 3.—Nickel (exclusive of scrap) consumed in the United States, by form 
(Short tons of.contained nickel) 


Form 1979 1980 1981 1982 1983 
EENEG 135,987 111,609 101847 79,0022 96,981 
Kerronickel-- elo nmm 39,977 29,919 26,290 15,426 15,595 
Oxide powder and oxide sinter ___.___~_______-___ 14,189 8,492 9,412 4,196 9,670 
Salta? o o re unm E EES 3,944 3,330 4,197 3,874 4,402 
OUR GT see ss ISA eee 2,196 2. 949 3,105 1,453 1,197 

i hc) A AE pen dee cio 196,293 156,299 144,851 103,981 127,845 


1Metallic nickel salts consumed by plating industry are estimated. 


Table 4.—U.S. consumption of nickel (exclusive of scrap) in 1983, by use and form 
(Short tons of contained nickel) 


nM arre 
y Ferro- Nickel sulfate Other 
Use Deeg nickel oxide one Set forms Total 
nickel salts 
Steel: 
Stainless and heat-resisting--___._-..- 26,377 13,987 6,530 Ge 154 47,048 
Alloys (excludes stainless) |... — 6,781 589 2,147 221 44 9,788 
Superalloys. - - —-----------------—— 11,030 330 E 49 87 11,496 
Nickel-copper and ale alios SERE 5,695 E 314 38 222 6, 269 
Permanent magnet alloys ___ -- -------- 606 20 get 14 9 "649 
Other nickel and ind nickel "alloys "EVE 24,061 510 168 7 125 24,931 
Cast ions et eee ce eee 553 98 193 5 239 1,088 
Electroplating (sales to platera): ASE 18,630 TN d 3,883 103 22.616 
Chemicals chemical uses _______-._._--_ 1,443 Mot 171 172 168 1,954 
A eg O 1,805 1 147 7 46 2,006 
Lord = rted by companies i 
eased and est imated eebe 96,981 15,595 9,670 4,402 1,197 127,845 
‘1Based on monthly estimated sales to platers. 
2Includes batteries, ceramics, and other alloys containing nickel. 
Table 5.—Nickel (exclusive of scrap) in 
consumer stocks in the 
United States, by form 
(Short tons of contained nickel) 
Form 1981 1982 1983 
Metal ---------.-- 18,355 16,743 17,359 
Ferronickel. |... 2,257 1,122 893 
Oxide powder and 
oxide sinter _____— 1,039 488 1,677 
Salts --—---------- 508 226 — 208 
Other ¿cacas 349 274 251 


Total- --------- 22,508 18,853 20,448 


NICKEL 
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Table 6.—U.S. consumption, stocks, receipts, shipments, and/or sales 
of secondary nickel in 1983, by use 


(Short tons of contained nickel) 


Use 


Steel (stainless, heat-resisting, alloy)?_______________ 


Nonferrous alloys (super, nickel-copper and 


pre eee permanent magnet, other nickel) _____ __ 
Foundry (cast irons) ~- -——-------------------—- 


Chemicals (catalysts, ceramics, plating salts, other 


chemical uses). ooo 


Total reported by companies canvassed 
and estima 


1Purchased scrap only. 


Stocks, 
Receipts  Consump. Shipments “end of 
year 

Je 30,506 26,938 3,331 9,856 
ais 6,482 6,420 1 439 
ee 440 438 ae 8 
TE 1 Se ays 1 
2 37,429 33,796 3,332 10,304 


STOCKS 


Consumer stocks at yearend increased by 
8% compared with those at the end of 1982. 
Stocks held by producers or their agents in 
the United States decreased by 42% com- 
pared with those at yearend 1982. Estimat- 
ed yearend stocks of nickel in the foundry 
industry were as follows, in tons: iron (156), 
steel (56), high-nickel alloy (191), copper- 


base alloy (61), and permanent magnet alloy 
(14). Stocks on the London Metal Exchange 
(LME) were about 31,000 tons at yearend 
1983, composed of approximately one-half 
cathode and one-half briquets. The LME 
stock level at the end of 1982 was about 
7,300 tons. 


PRICES 


The weighted average free market price 
for the year in the United States was $2.20 
per pound of cathode nickel. Consumers 
bought nickel throughout the year at free 
market prices, which ranged from a low of 
$1.78 per pound for cathode nickel at the 
end of January to a high of $2.35 per pound 
at the end of May. The New York dealer 
price was about $2.22 per pound at yearend. 
Major producers were generally able to 
obtain a price several cents per pound over 


tained nickel was about 2.5% less than the 
cathode price, and the price of vacuum- 
grade nickel was about 3% higher than that 
of regular cathode or briquet. Producer list 
prices, which were no longer a factor in 
the market, remained at $3.20 per pound. 
The LME price was dominant in determin- 
ing worldwide price. Although demand 
strengthened, stocks on the LME rose to- 
ward yearend and prices remained soft. 
This was partly due to an influx of cathode 


the free market price. The price for ferro- nickel from the U.S.S.R. 
nickel or oxide sinter per pound of con- 
FOREIGN TRADE 


The estimated contained nickel in U.S. 
exports of unwrought nickel, powders, 
flakes, and anodes in 1983 was 15% of total 
primary demand, compared with 27% in 
1982. 


Canada remained the principal supplier . 


of nickel to the United States, accounting 
for 43% of total imports, 35% directly from 
Canada and 8% indirectly through Norway. 
The next most important sources were Aus- 


tralia (16%), Botswana (11%), and the Do- 
minican Republic (5%). Other important 
sources were Finland, the Republic of South 
Africa, the U.S.S.R., and Zimbabwe. In the 
aggregate, these nine countries accounted 
for 87% of total imports for consumption. 
Total imports increased about 17% over 
those of 1982, 5% less than the increase in 
the demand for primary nickel. 
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Table 7.—U.S. exports of nickel and nickel alloy products, by class 


1981 1982 1983 

Class Quantity Value Quantity Value Quantity Value 

(short (thou- (short (thou- (short (thou- 

tons) sands) tons) sands) tons) sands) 
Unwrought ______________________ 16,298 $116,494 33,772 $178,337 22,165 99,097 
Bars, , angles, shapes, sections _____._-- 2,463 ,066 2,589 ,018 1,582 18,747 
Plates, sheets, strip _________________ 8,057 81,648 2,218 29,460 1,430 18,351 
- GEES 94 909 127 1,231 177 1,235 
Wire ia is Se he Le 660 8,262 481 6,011 1,039 8,831 
Powders and flakes. _-______-__-__-_-_.-._-._ : 3,282 23,929 3,457 22,441 1,017 6,973 
Catalysts- - -—-- - ----------------—- 3,890 25,601 2,874 19,654 3,165 13,940 

Tubes, pipes, blanks, and fittings thereof, 
ollow bars... 2222222222222 1,333 16,164 488 9,807 348 1,441 
Waste and scrap _______~___________ 10,759 21,595 11,023 20,136 12,990 17,106 
Total e A ek 46,836 333,668 57,029 315,095 43,913 191,727 
Table 8.—U.S. imports for consumption of nickel products, by class 
1981 1982 1983 

Class Quantity Value Quantity Value Quantity Value 

(short (thou- (short (thou- (short (thou- 

tons) sands) tons) sands) tons) sands) 
ORB. a ee ee A E Rt id 513 42 Seet SE 
Unwrought eege 123,141 747,920 82,297 | $446,850 90,839. $418,943 
Oxide andoxidesinter |... .......— 4,330 21,779 3,144 13,461 4,209 19,083 
Slimy et a iaa 94,786 223,060 58,568 105,633 62,454 83,613 
Bars, plates, sheets, anodes — - ______-_-_-- 1,011 9,321 1,384 11,217 1,235 11,531 
Rods and wire. 2222222 S 22 ^. 2,198 18,317 2,362 19,217 2,241 17,935 
Shapes, sections, angles -__--o--mmm-mmm-- 21 552 8 226 54 313 
Pipes, tubes, fittings... - - ----------—- 634 8,707 1,366 19,688 515 54,114 
Powder_____~________ ~~ __________ 18,909 91,944 11,953 71,825 12,629 65,320 
¡JA 215 1,381 179 1,020 96 427 
Waste and scrap ------------------— 5,226 17,496 4,300 13,349 6,071 17,691 
Ferronickel ________~__________-_- _ 69,853 119,321 21,352 28,215 45,134 65,264 
Total (gross weight) ~- ------------- 315,837 1,259,840 186,913 730,701 225,537 154,894 
Nickel content?___________________-_ i 209,008 XX 129,787 - XX 152,333 XX 


XX Not applicable. 

1Nickel-containing material in slurry or any other form derived from ore by chemical, pones or any other means, 
and requiring further processing to recover nickel or other metals; principally matte for further refining; also includes 
salts and compounds. | 

?Estimated from gross weight of primary nickel products. 


Table 9.—U.S. imports for consumption of new nickel products, by country 
| (Short tons of contained nickel) 


Powder and Oxide and oxide . Slurry and ` 
Conte) Metal flakes sinter Ferronickel other* ! 
1982 1983 1982 1983 1982 1983 1982 1983 1982 1983 
Australia -__-_--_-_.--- 8,618 11,096 2,450 2,023 29 - 1,302 — _. 9,868 10,684 
Botswana- .-- = 121 RM WES zt PA site. d -- 14,072 16,354 
Canada ___________ _ 42,440 42,485 6,956 7,753 1,908 1,922 SS e 727 1,060 
Dominican Republic __. _ SA E SEH Ka Ga hes Ser 8,014 V re 
Finland - - --------—- . 3,318 3,367 és "T me E WS o 154 158 
France ----ooooo--- 730 563 aa SE TT D TS At ER? 25 
Germany, Federal Republic 
e) Se 1,272 2,972 116 82 mee n. 1 "— 28 247 
Japan _____________ 95 143 EE: €: ae -. 2041 899 18 55 
Netherlands ______-_.-_ 79 176 SE 182 zm e E 322 3 50 
New Caledonia _______ sees E MN AER DR e 3,213 2,564 ius dm 
Norway- ---------—-- 12,859 12,342 78 110 3 17 E = ut nee 
Philippines. -- ------—- 2,616 1,217 1,415 1,880 tees E ide er a s 
South Africa, Republic of _ 4,217 4,382 698 558 x" Be 6 6 2,636 EN 
Sweden . .........- =a 20 ae 1 a SN SS ios Sie Së 
U.S.S.R ett eee 2,463 4,420 Sa 20 PEN es B T Si "we 
United Kingdom ...... 608 2,635 400 96 SE SC zc e 2 46 
Zimbabwe `... 2,981 4,831 T "n EE De -—- Get SE CE 
Ehe ata os 1 119 19 20 404 wm 83 4,891 85 153 
Total oaa 82,297 90,839 12,182 12,725 2,421 3,241 5,344 16,696 27,593 28,832 
*Estimated nickel content. 


! Nickel-containing material in slurry or in any other form derived from ore by chemical, physical, or any other means 
and requiring further processing; principally matte for further refining; includes nickel in laterite ores for testing 
purposes; excludes bars, plates, sheets, and anodes. 
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WORLD REVIEW 


Three European nickel producers lodged 
a complaint with the European Economic 
Community (EEC) alleging dumping of re- 
fined nickel by the U.S.S.R. in Europe. 
These producers were Société Miniére et 
Métallurgique de Larymna S.A. (Larco) of 
Greece, Société Métallurgique le Nickel 
(SLN) of France, and Inco Europe Ltd. The 
complaint alleged that imports to the EEC 
of cut and uncut cathodes from the U.S.S.R. 
. increased from 14,400 tons in 1981 to 20,955 
tons in the first 9 months of 1982, represent- 
ing an increase from 9% to 18.5% of the 
EEC market. The impact on the EEC indus- 
try was claimed to be a reduction of 34% in 
production, 16% in utilization of capacity, 
loss of sales and market share, the inability 
to make a profit, and a reduction of 1,440 in 
employment. 

Antidumping duties as allowed under the 
regulations were requested by the compa- 
nies, and an EEC commission determined 
that an investigation was warranted. Conse- 
quently, on June 17, 1988, a 7% duty on 
imports of unwrought nickel from the Sovi- 
et Union was imposed. In addition to initial- 
ly confirming the European producers alle- 
gations, the EEC commission found that 
resale prices of these imports were 14% to 
23% lower than those of the producers, and 
undercut import prices of other suppliers to 
the EEC by an average of 7%. The commis- 
sion also stated that the Soviet Union was 
the largest single supplier to the EEC in 
1981 and 1982 and was the price leader in 
both years. In July 1983, after imposition of 
the duty, an initial appeal by Raznoimport 
(the Soviet trade organization) to the Euro- 
pean Court of Justice for an interim remov- 
al of the duty was dismissed. However, the 
appeal was significant in that it marked the 
first time that the Soviet Union had recog- 
nized the jurisdiction of the EEC over trade 
matters. Reversing its earlier decision on 
appeal, the Court officially lifted the 7% 
duty October 18, 4 months after it was put 
into effect. In addition, the 7% duty, which 
had been held in escrow, was refunded to 
the Soviet Union. The three nickel produc- 


ers that originally filed the complaint did. 


not rule out future petitions to the EEC if 
the market situation deteriorated further. 
Australia.—The Agnew nickel mine, 
jointly owned by Seltrust Mining Corp. Pty. 
Ltd. (60%) and MIM Holdings Ltd. (40%), 
continued operations uninterrupted despite 


a 2-month shutdown of its customer, AMAX 
Nickel, in Braithwaite, LA. The company 
reported an increase in losses for the first 
half-year compared with that of the first 
half of 1982. This was attributed mainly to 
lower grade material at the site in addition 
to low prices. Agnew began commercial 
production in mid-1979, when Seltrust sign- 
ed a 10-year contract to supply AMAX Nick- 
el with up to 17,000 short tons per year of 
contained nickel in nickel matte, which was 
toll smelted at the Western Mining Corp. 
Holdings Ltd. (WMC) Kalgoorlie smelter. 

Production was halved at the Greenvale 
laterite nickel-cobalt mine owned by Metals 
Exploration Ltd. and Freeport Queensland 
Ltd. Output was curtailed to an annual 
12,000 tons of contained nickel because of 
continued weakness in the world nickel 
market. In addition, forward sales agree- 
ments with Japanese and European custom- 
ers were concluded prior to the cutback. 
Part of Greenvale’s production was refined 
to 90% nickel oxide at the Yabulu treat- 
ment plant near Townsville, Queensland, 
and part, in the form of a nickel-cobalt 
sulfide concentrate, was shipped to Japan 
for refining. The company considerably re- 
duced its losses compared with those of 
1982. However, the future of the operation 
could be in jeopardy if it is required to pay a 
new excise tax on fuel oil (1.872 cents per 
liter) announced in the Australian Federal 
budget. Although ore dryers and boilers at 
Greenvale were converted from oil to coal 
in 1982, the operation still relied on oil for 
about 50% of its energy requirements. 
Queensland State government officials 
claimed the tax would cost Greenvale about 
$3.5 million annually at full production. 
The Queensland government is a guarantor 
of a major loan that has enabled the compa- 
ny to remain in operation. 

Shell Co. of Australia Ltd., a subsidiary of 
Royal Dutch/Shell of the Netherlands, re- 
portedly sold its 50% share in the Mount 
Windarra nickel operations to WMC. Win- 
darra began production in 1974 and was 
closed from 1979 until 1982, when it was 
reopened by WMC. Shell was to receive 
$500,000 per year for 10 years and a royalty 
related to nickel and gold produced for a 
period of up to 15 years. The purchase by 
WMC added between 3,800 and 4,400 tons to 
WMC's annual capacity, raising it to about 
65,000 tons per year. The mine operated at 
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only a fraction of its capacity in 1983. 
Concentrate from Windarra was shipped by 
rail to the Kalgoorlie smelter. Matte from 
Kalgoorlie was processed to briquets at the 
Kwinana refinery. WMC was the third larg- 
est producer of nickel in the Western World 
after Inco Ltd. and Falconbridge Ltd. of 
Canada. 

The Nepean nickel mine of Metals Explo- 
ration Ltd. remained closed during the year, 
removing about 4,000 tons per year of nickel 
from the market. Ore from the mine had 
been processed at WMC’s concentrator at 
Kambalda. ; 

Botswana.—AMAX Nickel, a 29.8% own- 
er of Botswana RST Ltd., announced early 
in the year that it had reached an agree- 
ment with Bamangwato Concessions Ltd. 
(BCL) to resume purchasing its entire pro- 
duction of matte, about 40,000 tons per year. 
Since February 1982, 25% of its production 
had been diverted to Rio Tinto (Zimbabwe) 
Ltd. (RTZ) and Falconbridge Nikkelverk AS 
in Norway. The major shareholders of 
Botswana RST Ltd. (Anglo American Corp. 
of South Africa Ltd. and AMAX Nickel) 
agreed to provide $18 million in emergency 
funding for the year. This was in addition to 
$12 million emergency funding provided in 
1982. The mine is Botswana’s largest pri- 
vate sector employer. 

Brazil.—Nickel output of electrolytic 
nickel from Cia. Niquel Tocantins was rais- 
ed from 230 tons per month to 460 tons per 
month (full capacity) at yearend. In 1984, 
the company plans to export about 230 tons 
per month to the United States and Europe. 
The second furnace of the Empresa de 
Desenvolvimento de Recursos Minerais S.A. 
Goias ferronickel plant went into operation 
in June 1983, after a delay caused by tech- 
nical problems. The furnace was commis- 
sioned in August 1982. 

Burundi.—Exploration continued on the 
Musongati deposit under the United Na- 
tions Development Program during 1983. A 
team from the Federal Republic of Ger- 
many drilled at the deposit site for samples 
to confirm the extent of resources of greater 
than 2% nickel. Average ore grade was 
determined to be 1.6% nickel, 0.1% cobalt, 
and 0.3% copper. 

Canada.—In April, Inco resumed produc- 
tion of nickel at Sudbury in Ontario Prov- 
ince after a 9-month shutdown. Smelting 
and refining of stockpiled concentrates be- 
gan April 4 on schedule, and underground 
mining and milling were restarted on April 
18. The total work force recalled numbered 
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about 11,000. Although Inco’s Port Colborne 
refinery had resumed production February 
7, the full work force did not return until 
April 4. However, Inco closed its Ontario 
division again in July for a 4-week period. 

With the reopening, Inco's improved mill- 
ing process, designed to reject more of the 
sulfur-bearing pyrrhotite, was brought on- 
stream. The process was developed and 
installed at a cost of more than $1.4 million 
and ensured compliance with an Ontario 
government regulation that limited sulfur 
dioxide emissions to 1,950 tons per day. In 
addition, a number of measures were taken 
to improve productivity and to research 
more efficient mining methods, including 
accelerated conversion from undercut and 
fill to lower cost bulk mining and startup of 
the Copper Cliff North Mine as a commer- 
cial-scale mine research facility for new 
mining methods and equipment. (See “Tech- 
nology” section.) 

In August, Inco also resumed dredging 
operations at its Thompson, Manitoba, open 
pit mine. Total estimated cost of mine 
development was to exceed $87 million by 
1986. The company budgeted $10 million for 
development in 1983. The first phase of 
development included dredging of about 26 
million cubic yards of mud and clay, which 
would permit mining to a depth of 400 feet. 
By about the time of completion, Inco will 
have phased out its Pipe open pit mine and 
transferred its 70-person work force to the 
Thompson pit. At the Thompson under- 
ground mine, a limited number of experi- 
enced miners were hired late in the year to 
maintain necessary work force levels. The 
attrition rate was 10 employees per month 
throughout the 2,000-person work force. 

Inco announced on November 16 that it 
would suspend operations at its Port Col- 
borne, Ontario, refinery for 5 weeks begin- 
ning December 26. The facility, which em- 
ployed about 800 workers, was closed tem- 
porarily to reduce inventories. Also, Inco 
planned to shut down its Ontario and Mani- 
toba operations for 1 month during the 
summer of 1984. Falconbridge, the Western 
World’s second largest nickel producer, re- 
sumed operations January 2, 1983, after a 6- 
month shutdown. 

Workers at Falconbridge’s Sudbury oper- 
ations approved a 3-year labor pact on 
March 7. The accord provided for a $1.00 
per hour cost-of-living allowance, raising 
the average hourly rate to $10.14, and 
improved pension and health benefits. In 
addition, wages and benefits could be rene- 
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gotiated beginning in April 1984. Plans by 
the company to develop new reserves were 
deferred. Total Falconbridge reserves at 
Sudbury were about 2.3 billion pounds of 
nickel in 1.5% nickel ore. 

Sherritt Gordon Mines Ltd. produced at a 
capacity level of about 46 million pounds of 
nickel in 1983, a 15% increase over that of 
1982. The increase was the result of an 
improved recovery system. 

China.—The first stage of construction of 
the Jinchuan No. 2 Mine was completed. 
The mine is located near Jinchang in Gansu 
Province. Nickel reserves in Gansu consti- 
tuted about 70% of total Chinese reserves. 
One open pit and one underground mine 


were already in operation. Construction was - 


also begun on the second stage of the proj- 
ect. Electrolytic nickel production capacity 
was about 17,000 tons in 1983. 

Colombia.—The Cerro Matoso S.A. ferro- 
nickel plant produced at about 70% of 
capacity. Full capacity production of 22,600 
tons per year of nickel in ferronickel was 
not expected to be reached until the second 
half of 1984. Nickel content of the ferronick- 
el was about 37.5%. Plans were made at 
midyear for the installation of a granulat- 
ing plant by late 1984, enabling the compa- 
ny to produce a variety of sizes of ferronick- 
el shot for the world market. In 1983, Gran- 
Tech Inc. of Auburn Heights, MI, was 
awarded a $1 million contract for the li- 
censing, procurement of equipment, and 
engineering for the plant. Total cost was 
expected to exceed $1.6 million. 

In mid-May, the company’s Elkem-type 
electric furnace developed problems with its 
refractory materials. Although the plant 
used ores of high acidity (pH 0.3), officials 
stated that the erosion of furnace walls was 
caused by other factors. One furnace was 
shut down for about 2 months beginning in 
early December for repairs. 

Cuba.—Construction continued on the 
Punta Gorda nickel oxide plant, which was 
expected to be completed by mid-1984, at a 
cost of more than $510 million, with Soviet 
financing and equipment. Development of 
the 33,000-ton-per-year facility reportedly 
was given priority over another new project 
with the same capacity at Las Camariocas. 
The Pedro Sotto Alba processing plant at 
Moa Bay was being expanded from an 
annual capacity of about 18,000 tons to 
about 26,000 tons, at a cost of about $100 
million. Excluding Las Camariocas, total 
Cuban nickel production capacity could be 
raised to about 75,000 tons by yearend 1984. 
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Cuba strove to increase its sale of nickel 
oxide in Western Europe and Japan and 
was highly successful in Europe, despite the 
U.S. ban on imports of fabricated alloys 
containing Cuban nickel, particularly stain- 
less steel. Cuba’s success was partially at- 
tributed to the EEC import duty on Soviet 
nickel and a lack of nickel oxide from 
Greenvale in Australia. However, Japanese 
steelmakers were more reluctant: to pur- 
chase from Cuba because of the U.S. embar- 
go. 
Dominican Republic.—Falconbridge Do- 
minicana C. por A. operated at about 60% of 
capacity while using only one of three 
furnaces. This was made possible by using 
higher grade ore than usual and maximiz- 
ing production on the single furnace. Ore 
reserves of the nickel laterite were about 46 
million tons, with an average grade of 
1.78% nickel. 

The Dominican General Directorate of 
Mining launched a campaign early in the 
year to attract foreign investment to its 
mining industry. One goal was to obtain $50 
million over a 2-year period for exploration 
and other preproduction work. The initia- 
tive follows the publication of a new mining . 
policy in March 

Finland.—Outokumpu Oy investigated a 
mineralized black schist, near Sotkamo in 
eastern Finland. Average grade of the de- 
posit was 0.26% nickel, 0.52% zinc, 0.14% 
copper, and 0.02% cobalt. Resources were 
estimated at 300 million tons of ore. Be- 
cause conventional flotation methods would 
not achieve adequate concentration, the 
company began developing a new concen- 
tration technique based on leaching tech- 
nology. A pilot plant was constructed in 
1982, and testing of the technical and eco- 
nomic feasibility of the process was carried 
out in 1983. If results prove favorable, about 
10 million tons of ore would be produced 
annually. 

The Hitura Mine and concentrator of 
Outokumpu, which had provided about 20% 
of the company's domestic nickel feed, was 
put on care-and-maintenance status early 
in the year, to last for about 2 years. 
Replacement feedstock for Outokumpu's 
Harjavalta smelter was easily obtained. Ca- 
pacity of the smelter had been recently 
expanded from about 15,000 to 18,000 tons 
of nickel per year. 

France.—Under a plan announced in 
early May, SLN was to receive further 
Government support when the state-con- 
trolled company, Entreprise de Recherche 
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et d'Activite Petroliéres, took over 70% 
interest in SLN, which produced nickel in 
France and New Caledonia. The joint own- 
ers of the nickel company at that time, 
Société National Elf Aquitaine and Imetal 
S.A., were to reduce their 50% share to 15% 
each. SLN was to receive $211 million in aid 
from the companies that were to own it, 
including a 15-year loan at a reduced inter- 
est rate and 5-year deferred payment, in 
order to consolidate an estimated $341 mil- 
lion in SLN debts. Additional tax relief was 
granted. 

Greece.—Larco, the Greek ferronickel 
producer, suspended sales in the European 
market from mid-September through No- 
vember because of depressed prices. The 
company operated at about 50% of its annu- 
al capacity of 25,000 tons during much of 
the year. 

India.—Inco Tech Inc., a consulting unit 
of Inco Ltd., proposed the establishment of a 
roasting facility with an annual feed capaci- 
ty of 12,000 tons of matte on the east coast 
of India, possibly adjacent to the Visha- 
khapatnam smelter complex of Hindustan 
Zinc Ltd. In addition, a 12,000-ton-per-year 
sulfuric acid plant would be built. An elec- 
tric arc furnace would be used to produce a 
97% nickel pig from a portion of the oxide 
sinter produced from the roasting stage. 
Both products are used as charge material 
in the specialty steel industry. Oxide sinter 
capacity was given as 7,000 tons per year 
(nickel content). Feedstock for the refinery 
would be matte from the P.T. International 
Nickel Indonesia (P.T. Inco) Soroako Mine 
in Indonesia. The main impediment to de- 
velopment appeared to be Inco's request for 
exemption from India's 55% duty on im- 
ported nickel. Inco offered to pay for $23 
million of equipment costs and participate 
in the equity up to 40%. The proposal was 
under consideration by the Planning Com- 
mission of India and the Ministry of Indus- 
try. Consumption of nickel in India in 1983 
was estimated at 12,000 tons. 

Indonesia.— In order to improve its finan- 
cial position, P.T. Inco held discussions with 
its lenders concerning amendments to the 
financing arrangements for the Soroako 
nickel project. The company was 98% own- 
ed by Inco Ltd. of Canada, which proposed 
that 25% of P.T. Inco's outstanding debt be 
prepayed, with the remaining debt to be 


repaid as it matures. P.T. Inco had a debt in ` 


the neighborhood of $480 million. Inco re- 
portedly would raise about $60 million of 
the required amount by drawing on 
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its unused credit, which totaled about $400 
million. Also, P.T. Inco was unsuccessful in 
selling a portion (up to 20%) of its equity in 
Soroako to the Indonesian Government. 
Late in the year, P.T. Inco began capacity 
production of nickel matte owing to increas- 
ed demand from the Japanese nickel oxide 
producers, Tokyo Nickel Co. Ltd. and Nip- 
pon Nickel Co. Ltd. At capacity, the three 
electric furnaces of P.T. Inco could produce 
altogether about 60 million pounds of nickel 
per year. . 

P.T. Aneka Tambang, the Government- 
owned ferronickel producer at Sulawesi, 
terminated its long-term contract relations 
with an agent for four Japanese smelters 
and began dealing with Japanese steel com- 
panies directly in hopes of increasing sales 
volume. Indonesia was the second largest 
supplier of nickel raw materials to Japan 
after New Caledonia. | 

Ivory Coast.—A feasibility study of the 
Sipilow nickel-cobalt prospect, near the 
town of Man in the northwest part of the 
country, was begun by Falconbridge. Nearly 
30,000 feet of core was drilled at the laterite 
site during 1981 and 1982. 

Japan.—Nippon Steel Corp. planned to 
undertake a feasibility study of a nickel 
segregation process being jointly developed 
by Rio Tuba Nickel Mining Corp. of the 
Philippines, the Minerals Processing Re- 
search Institute (MINPRO) of Japan, and 
Pacific Metals Corp. of Japan. (See “Tech- 
nology” section.) © | 

The four Japanese ferronickel produc- 
ers—Pacific Metals, Nippon Mining Co. 
Ltd., Sumitomo Metal Mining Co. Ltd., and 
Nippon Yakin Kogyo Co.—made a request 
to the Ministry of International Trade and 
Industry (MITD through the Japan Mining 
Industry Association to enforce in fiscal 
year 1984 the planned advance allotment of 
duty-free (preferential tariff) import quotas. 
Developing countries were granted the pref- 
erential tariff, and those which had taken 
advantage of the annual duty-free program 
were Colombia, the Dominican Republic, 
and Indonesia. The Japanese producers 
claimed that they were hurt by excessive 
imports. In addition, MITI planned to re- 
duce its annual purchase of nickel for the 


Japanese stockpile from a 12-day consump- 


tion equivalent to a 6-day equivalent in 
fiscal year 1984. 

The Japanese Government, in a signifi- 
cant trade concession, agreed in 1983 to an 
advance reduction of tariff of the Tokyo 
Round tariff schedule. Import duties for 
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ferronickel were to be reduced from 9.3% to 
6.5%, effective April 1, 1984. This was 3 
years ahead of schedule. 

On June 27, 1983, the Japanese and U.S. 
Governments agreed to take the following 
measures: (1) On or after August 19, any 
Japanese exports of nickel-bearing stainless 
steel to the United States should be accom- 
panied by a certificate of origin of raw 
materials used in making the stainless steel 
showing that the steel contains no Cuban 
nickel, and (2) the United States could deny 
its customs clearance for imports of Japa- 
nese stainless steel that are not accompa- 
nied by such a certificate of origin. 

Tokyo Nickel completed renovation of the 
furnace at its Matsuzaka plant on October 
16. The renovation enabled production of 
three forms of nickel—utility (96% to 98% 
nickel), oxide sinter (76% to 78% nickel), 
and Tonimet (95% to 96% nickel)—so as to 
meet users’ varying needs. 

New Caledonia.—SLN closed two of its 
mines about midyear. These were the Ne- 
poui Mine on the west coast and the Poro 
Mine on the east coast. This left only the 
Kouaoua and Thio Mines in production. 
SLN planned to produce about 32,000 tons 
of nickel in ferronickel in 1984, operating 
two of three electric furnaces at capacity 
levels. | 

New Zealand After results of a feasibil- 
ity study proved unfavorable, the Austrian 
stainless steelmaker  Voest-Alpine AG 
dropped its interest in a joint venture with 
New Zealand Nickel Smelters Ltd. for a 
ferronickel plant. 

Papua New Guinea.—Nord Resources 
Corp. sought a joint venture partner to 
participate in development of the Ramu 
River chromite-nickel-cobalt deposit, which 
contained about 1.12% nickel, 0.16% cobalt, 
and 8% to 9% chromite. The property was 
69.5% owned by Nord Resources and a 
group of U.S. companies, and 30.5% owned 
by MIM Holdings, an Australian company. 
Development costs of the project were esti- 
mated to exceed $90 million. The three- 
tiered deposit is located in Marum near 
Madang. 

Peru.—In October, an agreement was 
reached between the Governments of Spain 
and Peru to conduct a $1.8 million prefeasi- 
bility study on the Peruvian Chinchao nick- 
el deposit. Work was begun in November. 
The project was chosen from several possi- 
bilities under an existing bilateral coopera- 
tion agreement on mining between the two 
countries. Chinchao is located in the De- 
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partment of Huanuco in the central region. 
If results prove encouraging, the deposit 
would be developed through a joint Spanish- 
Peruvian company. A Peruvian agency, In- 
stituto Geológico Minero Metalúrgico 
(INGEMMET), made the original proposal. 
INGEMMET officials reportedly feel that 
Peru should explore for nickel and other 
strategic and critical metals in order to 
diversify Peru's mineral production base. 

Philippines.—The nickel refinery of Ma- 
rinduque Mining and Industrial Corp. 
(MMIC) near Surigao on the Philippine 
island of Mindanao resumed full production 
June 17 with the firing of its new coal-fired 
boilers. The refinery, with a rated produc- 
tion capacity of about 35,000 tons per year 
of nickel metal, was shut down December 1, 
1982, to install the coal conversion units. 
About 14,000 tons of nickel was produced 
by the facility in 1982. Included in the $130 
million renovation project were a new pier 
and a 250,000-ton-capacity coal park; four 
converted ore dryers; and two new 750,000- 
pound-per-hour, coal-fired boilers. Projected 
annual savings was $55 million at prevail- 
ing fuel oil and coal prices. 

In addition, coal mining began in 1983 at 
Bagacay, which provided a cheaper source 
of coal. Also, the old gasifiers of 14 roasters 
were replaced at a total cost of $6 million. 
Projected savings from the latter was $20 
million per year. Production levels of 70% 
to 80% of capacity were reached after the 
conversion. 

In October, MMIC was granted an exten- 
sion of its exemption from all taxes, fees, 
and other official charges by the Govern- 
ment until the end of 1988. In addition, a 
proposed financial rescue plan would re- . 
duce the company’s debt burden by convert- 
ing some of its debt to equity. Because of its 
huge debt and depressed nickel prices, the 
MMIC refinery closed on a temporary basis 
at yearend. 

Saudi Arabia.—The Arabian Shield De- 
velopment Co. completed  prefeasibility 
studies on the development of a nickel and 
iron ore deposit at Wadi Qatan, Saudi Ara- 
bia. The West German firm, Klockner 
Werke AG, examined the possibility of min- 
ing enough ore to produce 200,000 tons per — 
year (gross weight) of ferronickel, in addi- 
tion to sponge iron and cobalt. | 

Sweden.—Sweden purchased about 44 
tons of nickel briquets for its national stock- 
pile. 
= Taiwan.—Inco received its first order un- 
der a 10-year contract to supply nickel oxide 


642 


to Talent Metals Corp. in Taiwan. Inco’s 
nickel oxide from its Canadian operations 
was to be the only feedstock for the refin- 
ery, which was expected to be completed by 
March 1984. Capacity of the plant was to be 
about 7,700 tons, and most of Talent Metals’ 
production would supply Taiwan’s growing 
stainless steel and nickel sulfate industries. 
Inco held a 30% equity interest in Talent 
Metals. Falconbridge also indirectly com- 
peted with Inco to supply one of Taiwan’s 
main steel companies, Tang Eng Iron 
Works Co. Ltd. 

U.S.S.R.—The Soviet Union offered nick- 
el for sale directly to Japanese steelmakers. 
This marked the first time that the Soviet 
Union had bypassed Japanese trading com- 
panies in selling in Japan. Soviet exports of 
nickel to Japan rose significantly compared 
with those of 1982. 

Soviet metallurgists devised a technique 
of producing nickel directly from concen- 
trates by use of a new hydrometallurgical 
process. (See “Technology” section.) 

Production of high-grade nickel began at 
the new Taymyr Mine at the Norilsk nickel- 
platinum complex in northern Siberia, near 
Talnakh. Installation of equipment for new 
nickel production at the Severo Montsche- 
gorsk was completed. 

Yugoslavia.—A new 13,000-ton-per-year 
ferronickel plant in the Kosovo region of 
Yugoslavia at Glogovac was completed at 
midyear. The $300 million project followed 
by 1 year the initiation of ferronickel pro- 
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duction at Kavadarci. Commercial produc- 
tion began in October, and production was 
not expected to exceed 2,200 tons in 1983. 
The Yugoslav company, Feronikel, in Pristi- 
na, owns the new mine and smelter, which 
cost $305 million. Two open pit mines (Cik:- 
tovo and Glavica) supplied a 1.5% nickel ore 
to the smelter. Reserves of ore were estimat- 
ed at more than 20 million tons. Utilities 
(electricity, gas, oxygen, and water) account- 
ed for 70% of total production costs. Produc- 
tion capacity could be expanded to 20,000 
tons per year of nickel without major new 
investment. 

Production of nickel at the Kavadarci 
(Feni) ferronickel plant, with a capacity of 
22,000 tons per year of nickel, did not 
exceed a 3,500-ton-per-year level owing to 
energy restrictions and relatively low nickel 
prices, and production in 1984 was not 
expected to exceed 7,000 tons. The Feni 
project was refinanced early in 1983. 

Zimbabwe.—The Eiffel Flats refinery of 
RTZ was forced to close because a long-term 
source of raw material supply was not 
found. In 1982, the Empress Mine of RTZ 
was closed because of heavy losses, forcing 
RTZ to obtain matte from BCL on an in- 
terim basis. Subsequently, RTZ reached an 
agreement with AMAX Nickel in August 
1983, whereby RTZ would receive a tempo- 
rary supply of matte from the BCL smelter. 
Because of contractual arrangements, 
AMAX Nickel had priority in obtaining 
matte from BCL. 


Table 10.—Nickel: World mine production, by country! 


(Short tons) 
Country 1979 1980 1981 1982P 1983* 

Albania" estie mi id e o I ue E E 5,800 6,100 6,200 6,400 6,400 
Australia (content of concentrate) |... 2s 16,841 81,927 82,095 97,613 ; 
Botswana + ee ay AE 17,828 17,022 18,200 19,573 . 19,300 
Brazil (content of ore). - - - - - - -- - - ------—-----—- 3,267 "4,730 7,508  * €7,700 T. 
Burma (content of speiss) ________-______o o 19 15 22 e99 22 
Canada?___________________ ooo 139,422 203,709 176,642 97,824 134,300 
CHINA? == pa a nt Sea ar E 12, d 2,000 12,000 8,800 
COJO EE E ne a Ps 1,100 315,000 
Cuba (content of oxide and sulfide)... 34,275 740,338 42,489 39,790 41,170 
Dominican Republic _______________________ _ 27,680 18,019 20,601 *6,600 22,300 
Finland (content of concentrate) -__-___________ 6,393 7,199 7,566 6,852 6, 
German Democratic Republic? __________________ 2,800 3,000 3,000 r2 800 2,400 
Greece (recoverablecontentofore) _______________ 22,214 16,796 17,200 €16,800 16,500 
Guatemala `- -2-2-2 6,833 7,650 ae m ER 
Indonesia (contentofore) |... 741,059 "58,739 53,848 60,592 51,400 
Mexico (content of ore)———---------------—-——— ES E mp EN 
Morocco (content of nickel ore and cobalt ore) ________-_ 17 148 140 €110 i 
New Caledonia (recoverable content of ore)___________ 788,178 95,451 86,079 66,250 69,400 
Norway (content of concentrate)? ______________.__ 550 550 550 550 3550 
Philippines- A A 36,693 51,934 32,239 22,936 20,900 
Poland (content of ore)? ______________________ 2,300 2,300 2,300 2,300 2,300 
South Africa, Republic of ____________ oi 33,339 28,329 29,100 24,250 22,600 
U.S.S.R. (content of oreJ?_______________ Le 166,000 170,000 174,000 182,000 187,000 
United States (content of ore shipped) - -____-_______-_ 15,065 14,653 12,099 3,203 — 


See footnotes at end of table. 
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Table 10.—Nickel: World mine production, by country! —Continued 


(Short tons) 
Country 1979 1980 1981 1982P 1983* 
Yugoslavia EEN 1,650 2,200 4,400 13,200 13,200 
Zimbabwe (content of concentrate)________________ 16,084 16,617 14,350 14,671 12,100 


dk E "756,467 "859,426 802,628 705,136 159,342 


“Estimated. Preliminary. "Revised. 

1Insofar as possible, this table represents recoverable mine production of nickel; where data relate to some more highly 
processed form, the figure given has been used in lieu of unreported actual mine output to provide some indication of the 
magnitude of mine output, and is so noted parenthetically following the country name, or by footnote. Table includes data 
available through May 2, 1984. 

2Refined nickel content of oxides and salts produced, plus recoverable nickel in exported mattes and speiss. 

3Reported figure. 

“Includes a small amount of cobalt not reported or recovered separately. 


Table 11.—Nickel: World smelter production, by country! 


(Short tons) 
Country? 1979 1980 1981 1982P 1983* 
Australia ___————---------------—— 43,366 38,921 46,854 50,630 50,700 
Brazill ____——-------------—--—-—-_— 2,115 2,760 2,574 *2,200 2,200 
Canada? . oo 92,315 167,881 127,000 *69,900 96,100 
éi LEE Re ee 11,000 11,000 11,000 10,000 7,700 
Colombia: A AA SE 5 oes *1,000 14,000 
Cuba” coa a e iio cias 8,923 78,737 9,355 9,910 10,000 
Czechoslovakia... 22222222 Le 2,202 2,240 2,425 €2,425 2,425 
Dominican Republic ________________.__ 27,680 18,019 20,601 5,812 22,300 
Finland AAA AA 12,632 14,117 14,672 13,906 14,300 
France __________________________ 3,660 10,802 11,000 e9 900 11,000 
German Democratic Republic? ____________ 3,300 3,300 73,100 3,300 3,100 
Germany, Federal Republic of? |... 1,348 1,361 “1,320 €1,320 NA 
EE 16,129 15,300 14,000 *13,800 13,200 
Indonesiaf ________________________ 4,409 T4,873 5,184 5,523 5,000 
Japan at uuo uL LU E Le 111,333 108,428 95,679 91,886 876,155 
E o um A 1 — e ES ES 
New Caledonia* _____________________ 33,480 35,913 30,853 30,871 30,900 
Norway ociosa do A S 33,826 940,921 940,890 28,268 28,700 
Philippines eeh 23,675 27,978 23,683 14,876 10,500 
Poland EE 2,300 2,300 2,300 2,300 2,300 
South Africa, Republic of 8,863 19,950 19,800 19,070 18,700 
|G Je EE 7181,900 189,600 7196,200 1198,400 204,000 
United Kingdom `. 20,793 21,275 27,999 €7 600 7,200 
United States*% _____________________ 44,191 44,225 48,805 44,956 33,400 
RA i a e id = "a *8,800 10,000 
Zimbabwe? ________________________ 14,600 15,500 13,200 713,400 : 10,600 


Otilia TEE "704,641 "805,401 168,494 660,053 685,080 


*Estimated. Preliminary.  'Revised. NA Not available. 

! Refined nickel plus nickel content of ferronickel produced from ore and/or concentrates unless otherwise specified. 
Table includes data available through May 3, 1984. 

2In addition to the countries listed, Albania is known to have initiated smelter production in 1978, and North Korea is 
believed to have produced metallic nickel and/or ferronickel, but information is inadequate for formulation of reliable 
estimates of output levels. Several countries produce nickel-containing ihe but output of nickel in such materials have 
been excluded from this table in order to avoid double counting. Count producing matte include the following, with 
eur ut indicated in short tons of contained nickel: Australia: 197 e, 626; 1980—3 ,625 (revised); 1981—36,223; 1982— 

44 (estimated); and 1983—54,900 (estimated); Botswana: 1979—17, 828; 1980—17, 022; 1981—20, 143 (revised); 1982— 

19/513. and 1983— 20,080; Indonesia: 1979— 7,402; 1980— 17,428; 1981—16,499; 1982—11,37 1; and 1983—19,842; and New 
Caledonia: 1979—13,517; 1980— 17,063; 1981— 16,954; 1982—8,800 (estimated); and 1983—7,800 (estimated). 

3Refined nickel plus the nickel content of oxide. 

*Nickel content of ferronickel only. (No refined nickel is produced.) 

5Includes nickel content of refined nickel, nickel oxide, and nickel matte. 

8Content of granular nickel oxide and powder only; Cuba also produces nickel oxide sinter and a processed sulfide, but 
these are not included in order to avoid double counting, as they may be processed to metal elsewhere. Output of sinter ` 
was as follows, in short tons: 1979—11,828; 1980—13,069 (revised); 1981—13, 354; 1982— 12,963; and 1983—11,400 
(estimated). Outp ut of processed sulfide was as follows, in short tons: 1979—13, 524; 1980—18, 532 (revised); 1981—19, 779; 
1982—16,920; ind 1983—19, 800 (estimated). 

7Includes nickel content of nickel alloys. 

5Reported figure. 

Data derived from estimated metal content of reported concentrate. 

10Byproduct of metal refining, including that derived from both domestic ores and imported materials. In 1983, the 
former was excluded to avoid disclosing company proprietary data. 
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TECHNOLOGY 


A series of high-performance stainless 
steels gained wider acceptance in the mar- 
ketplace. The nickel-bearing types were 
known as either superaustenitics or duplex 
stainless steels. The second generation of 
the duplex stainless steels and some super- 
austenitics contain nitrogen, which im- 
proves the strength, corrosion resistance, 
and weldability of the alloy. In addition, 
high chromium content (greater than 20% 
chromium) is a characteristic of many of 
these alloys. Some of the major applications 
are stack scrubbers, sour gas wells, and heat 
exchanger tubing. In some cases, super- 
austenitic alloys containing 24% nickel 
have replaced cupronickel alloys containing 
only 10% nickel in powerplant condensers. 
One segment of the market expected to 
experience exceptionally high growth was 
that of gas pipelines in the Western United 
States.‘ 

A new stainless steel without nickel or 
chromium was developed for marine appli- 
cations. The iron-manganese-aluminum- 
silicon alloy (Fe-30Mn-10Al-Si) was used 
experimentally as an alternative to brass 
for seagoing ship propellers. This composi- 
tion was found to have good resistance to 
marine corrosion and to cavitation erosion. 
Moreover, the strength, hardness, and 
ductility properties of this material were 
demonstrated to be superior to those of the 
brass generally used for seagoing propel- 
lers. In addition, the alloy was not suscepti- 
ble to stress corrosion cracking. Research 
continued at Ohio State University and in 
China, where a propeller made of the new 
alloy was being tested in service.’ 

A new nickel-basé superalloy containing 
20.3% cobalt, 22.8% molybdenum, 2.9% 
iron, 0.5% boron, 0.8% carbon, and the bal- 
ance nickel was said to have high strength 
and excellent resistance to wear, oxidation, 
and corrosion. Applications ranged from 
chemical and petrochemical equipment to 
oil and gas. processing equipment. Also, a 
new low-expansion alloy for gas turbine 
engines was developed, as well as a new 
alloy that resists corrosive carbon dioxide 
and hydrogen sulfide in forged wellhead 
valves, pumps, packers and hangars. The 


low-expansion alloy belongs to a family of. 


nickel-cobalt-iron-base alloys to which co- 
lumbium was added for age hardening and 
0.4% silicon for improved tensile strength.* 

Abex Corp. developed a series of heat- 
resistant alloys with improved resistance to 
creep, oxidation, carburization, and ther- 
mal fatigue. Also improved were rupture 


strength and age ductility. The new alloys 
were designed to greatly increase the serv- 
ice life of castings subject to high-tem- 
perature environments. A 10-year’ develop- 
ment program did not follow tradition- 
al methods of strengthening heat-resistant 
alloys through addition of more nickel and 
chromium. Rather, micro amounts of such 
refractory metals as titanium, tungsten, 
columbium, and rare earths were utilized.’ 

Electroless plating was increasingly used 
throughout the plating industry, with sig- 
nificant growth in the electronics field. A 
typical electroless bath contains nickel sul- 
fate; a reducing agent, usually sodium hypo- 
phosphite; chelates; brighteners; pH adjust- 
er; and water. Bath temperature is about 
190* F. Less than one-half of the market was 
estimated to be in the traditional automo- 
tive sector, while electronics accounted for 
about 20%.* In a related development, use 
of electroless plating on plastics for shield- 
ing against electromagnetic and radio fre- 
quency interference was expected to grow. 
The equipment in which plating would be 
used was electronic housings used in busi- 
ness machines, personal computers, and 
medical devices.? 

A new nickel-base alloy that provided 
excellent resistance to oxidation, carburi- 
zation, and chlorine was developed by the 
Cabot Corp. Designated as Alloy 214, the 
new material's composition is 15% to 17% 
chromium; 4% to 5% aluminum; 2% to 5% 
iron; less than 0.4% yttrium; and the bal- 
ance nickel. Superior resistance to oxida- 
tion was attributed to a tenacious and 
protective Al;O,.type oxide surface film 
modified by yttrium. The alloy also with- 
stood chlorine-contaminated environments. 


Potential applications were incinerators, ra- 


diant tubes, retorts, furnace hardware, 
heating elements, and heat shields.'* 

Copper-nickel piping was tested in the 
saltwater environment of an offshore drill- 
ing rig by Dolphin Titan International Inc. 
The test of the 90% copper-10% nickel alloy 
was devised to determine whether this pipe 
can retard corrosion and marine biofouling 
better than the conventional carbon steel 
pipe. While copper-nickel pipe was more 
than two times the price of steel, the copper- 
nickel pipe could pay for itself within 6 
years because it would not have to be re- 
placed. A 2-year test program was under- 
taken on an eight-pile platform drilling 
rig.” 

Soviet metallurgists at the Gipronikel 
Institute in Leningrad devised a method of 
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producing nickel directly from concen- 
trates. According to reports, nickel was 
extracted electrolytically from concentrates 
in solution, thereby saving considerable en- 
ergy and allowing more complete recovery 
of byproduct metals. The new process was to 
be installed at refining facilities in the 
Norilsk mining district.1? 

A detailed study was conducted for treat- 

ment of ocean nodules. In this process, the 
manganese oxide matrix in the ore is re- 
duced by carbon monoxide in an ammonia- 
ammonium carbonate-seawater slurry. The 
reduction step makes the other metal val- 
ues (nickel, cobalt, copper, and molybde- 
num) accessible to the leach liquor, leading 
to the efficient extraction of these metals. A 
mathematical simulation of the system suit- 
able for scale-up and design was also carried 
out.!? 
- Nippon Steel, MINPRO, and Pacific Met- 
als, all of Japan, in cooperation with Rio 
Tuba Mining of the Philippines, developed a 
nickel segregation process. The process uti- 
lized a ball mill in which nickel ore, carbon, 
and calcium chloride are ground at a tem- 
perature of about 1,000° C to reduce and 
partially separate nickel, cobalt, and iron, 
principally from silica. Nickel, cobalt, and 
iron then undergo a two-stage wet magnetic 
separation. The end product contains 30% 
to 40% nickel in finely ground form, with a 
recovery rate for nickel of 90%. The advan- 
tages claimed for the process were energy 
savings and recovery of byproduct cobalt. 
By the currently used rotary kiln-electric 
furnace process, a temperature of 1,250" C is 
required to produce ferronickel at Pacific 
Metals. Use of this newer technology, origi- 
nally patented in 1963-64, could result in 
the more efficient processing of acidic ores, 
such as those of Rio Tuba Mining in the 
Philippines. Those ores were being process- 
ed in 1983 by conventional technology.'* 

AMAX developed a hydrometallurgical 
process to refine a mixed nickel-cobalt sul- 
fide precipitate containing copper, tin, and 
zinc as the main impurities. The AMAX 
acid leach process for treatment of nickel 


oxide ores, such as laterites, produces this : 


type of precipitate. The precipitate is re- 
fined in a chloride medium. An important 
feature of the process is the recycling of 
reagents, which results in the virtual elimi- 
nation of waste effluent streams from the 
refinery. Feasibility of the process was dem- 
onstrated in a pilot plant.!'5 

Inco continued conversion of its basic 
mining method for more than 5046 of ore 
mined in 1983. The improved mining tech- 
nique is called block vertical retreat mining 
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(VRM). The traditional existing method, 
mainly cut and fill stoping, was found to 
be labor intensive and inefficient if the 
amount of time spent doing support tasks 
was compared with the time doing produc- 
tion tasks. By this old method, relatively 
small horizontal slices are cut, and the void 
is backfilled after each cut. However, with 
VRM, large vertical blocks as high as 200 
feet are removed and then backfilled. Adja- 
cent blocks to be mined are outlined with a 
drill drift running across the top and an 
extraction drift along the bottom. The drill- 
er then sinks holes from the top to the 
bottom of each block, and the bottom slice of 
the block is blasted, using a crater blasting 
technique. This is done on each slice to the 
top, and only enough ore is removed for the 
next slice to be blasted off. Blocks are mined 
in an alternate pattern. Completed blocks 
are backfilled with cemented fill from the 
mill, and drilling is begun on another block. 
Within a few years, Inco expects to be using 
this method to produce most of its ore from 
underground operations.!* 


cd scientist, Division of Ferrous Metals. 
2Federal Register. Environmental Protection Agency. 
Inorganic Chemicals Manufacturing Point Source Cate- 
ory; Effluent Limitations Guidelines, Pretreatment 
tandards, and New Source Performance Standards; Pro- 
posed Rule. Part II. V. 48, No. 207, pp. 49418-49436. 
3Value converted from Canadian dollars (CAN$) to U.S. 
dre at the rate of CAN$1.2324 = US$1.00. | 
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Nitrogen 


By Charles L. Davis! 


U.S. production and apparent consump- 
tion of fixed nitrogen in the form of ammo- 
nia decreased for the third consecutive year. 
Monthly production was below 1982 levels 
for the first three-quarters of the year. The 
total value of ammonia produced and sold 
was about $1.9 billion. The value of appar- 
ent consumption was about $2.2 billion. 
Production and apparent consumption val- 
ues were based on average annual 1983 
f.o.b. gulf coast spot prices. A 51% decrease 
in total tonnage of exported ammonia was 
attributed to the strong U.S. dollar compar- 


ed with foreign currency. Imports of ammo- 
nia increased 25%. 

Domestic Data Coverage.—Domestic pro- 
duction data for ammonia were developed 
by the Bureau of the Census, U.S. Depart- 
ment of Commerce, and published monthly 
in Current Industrial Reports, Inorganic 
Fertilizer Materials and Related Products, 
M28B. The Department of Commerce sur- 
veyed approximately 133 firms manufactur- 
ing inorganic fertilizer chemicals. Produc- 
tion estimates were supplied for reports not 
received in time for tabulation. 


Table 1.—Salient ammonia statistics 
(Thousand short tons of contained nitrogen) 


United States: 


Le Le e 
BOR DOUG EE 
Imports for consumption eeh 


Consumption? 
World: Pr 


“Estimated. Preliminary. ‘Revised. 


1Synthetic anhydrous ammonia and coke oven ammonia. 


2Coke oven ammonia not available after 1980. 


Li Ted NOP ic a re oe EEN 


1979 1980 1981 1982 1983? 
Sa 15,420 16,244 "15,655 12,968 11,246 
SEN r647 681 506 610 298 
Ha 1,603 1,921 1,719 1,737 2,169 
pet 716,565 17,665 16,390 14,084 13,668 
ds "18,413 "81,384 84,523 P83,563 “85,442 


3Includes producers’ stock changes in synthetic anhydrous ammonia and coke oven ammonia. 


DOMESTIC PRODUCTION 


Since 1980, recession, drought, and com- 
petition from imports had reduced ammo- 
nia demand, leaving U.S. producers with up 
to one-third of their capacity idled. The 1983 
farm acreage reduction programs of the 
Federal Government encouraged farmers to 
reduce land under cultivation by about 187 
million acres, further reducing demand for 


all fertilizers, including those made with 
ammonia. Monthly production of ammonia 
was below that of 1982 until the fourth 
quarter. The greatest production was in 
March, 1.26 million short tons, and the least 
in July, 0.97 million tons. After July, 
monthly production of ammonia increased 
steadily through yearend. 
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Table 2.—Fixed nitrogen production in the United States 
(Thousand short tons of contained nitrogen) 


1979 1980 1981 1982 1983” 
Anhydrous ammonia, synthetic plants! 15,317 16,155 115,655 12,968 11,246 
Ammonium compounds, coking plants: 
Ammonia liquor- - - - ------------——---——-—— 7 T NA NA NA 
Ammonium sulfate — - —----------------—--—- 96 82 NA NA NA 
Ammonium phosphates ------------------—- (2) (2) NA NA NA 
(uc WEE 15,420 16,244 115,655 12,968 11,246 


PPreliminary. "Revised. NA Not available. 
1Current Industrial Reports, U.S. Department of Commerce, Bureau of the Census. 
2Included with ammonium sulfate to avoid disclosing company proprietary data. 


Table 3.—Major nitrogen compounds 
produced in the United States 


(Thousand short tons, gross weight) 


Compound 1981" 1982 1983P 
Acrylonitrile _______ 998 1,018 1,073 
Ammonium nitrate _ _ _ 8,861 7,091 6,628 
Ammonium sulfate! _ _ 2,185 1,768 1,964 
Ammonium phosphates 11,967 10,307 12,814 
Nitric acid ________ 9,093 7,390 7,367 
Urea ee 8,062 6,518 5,771 


PPreliminary. "Revised. 
1Excludes ammonium sulfate from coking plants. 


Sources: Bureau of the Census and International Trade 
Commission. 


Table 4.—Domestic producers of anhydrous ammonia in 1983 
(Thousand short tons per year of ammonia) 


Company Location Capacity 

Agrico Chemical Co... o Donaldsonville, LA... 468 
Pe A EE Verdigris, OK... Soc 840 
Air Products € Chemicals Inc - ---------—-—- . New Orleans. D ECKE 210 
Do: is e Leu Li Pace Junction, FL 100 
Allied Chemical Corp... LaPlatte, NE ` iii o 172 
Do atra ar Ets re ad a dd le o A ee Hopewell, VA___________ 340 
DO AAA ee Eet Geismar, LA ` 340 
American CyanamidCo ________________ Fortier, LÀ eelere 580 
Atlas Chemical Industries Inc - _ Joplin, MO- Le 136 
Borden Chemical Co __________________ Geismar, LA— - ---------------—-—- 400 
Cargill Iné uolo iia tds Columbus, MS 68 
CF Industries Inc ____________________ Donaldsonville, LA_______________._. 1,170 

Chevron Chemical Co _ ascagoula, MS LLL ccn 53 
A ee ay E EA El Segundo, CA ~- ----------------—- 20 
Columbia Nitrogen Corp - - - -----------—-- Augusta, GA -----------------—-- 510 
Cominco American Inc ---------------—- Boger, TX uc born AAA 400 
Diamond Shamrock Chemical Corp --------- Dumas; TA- === ut ccc. 160 
The Dow Chemical Co - - -- ----------——- Freeport, IX iia ie a 115 
E. I. du Pont de Nemours & Co. Inc- `. Beaumont, TX EEN 340 
E. MD TRU AAA DICAT CHER MCN Victoria, AMA 100 
Farmland Industries Inc |... Hastings, NE ` 140 
o A E OE ee ae be Dodge 1.7 AAA 210 
Bo Lu ceu cuu t Meer Ma da EE Enid; ON «s ox ud crede uto ues sur Li 840 
Do MCN en ice wee Lawrence, KA ooo 340 
DO: EE Pollock, LÀ —— LR 420 
Felmont Oil Corp `. Olean: NY EE 85 
First Mississippi Corp. --— Donaldsonville, LA... _ 400 
Georgia Pacific Corp -----------------—- Plaquemine, LA ..... 196 
Goodpasture Inc - -------------------- Dimmitt, TX jes nk Sek ee 40 
Grace-Oklahoma Nitrogen - -- - ---------—-- Woodward, OK _________________-_- 450 
W. R. Grace & Co |... ee Woodstock, TN _____________-_____ 340 
Green Valley Chemical Co ~~~ Creston, LA: o: 2222 iii 35 
Hawkeye Chemical Co _______________-- Clinton, lA: oceania RE 220 
Hercules Inc ______________________~- Louisiana, MO ___________________ 70 
Hooker Chemical Co ____§___~___________ KT E WEE 28 
International Minerals & Chemical Corp... —— peo qun LAO eur AS 400 
Jupiter Chemical Co ------------------ Lake Charles, LA - ---------------- 78 
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Table 4.—Domestic producers of anhydrous ammonia in 1983 —Continued 
(Thousand short tons per year of ammonia) 
Company Location Capacity 
Kaiser Agricultural Chemicals Co ---------- Pryor, ON ul Lm Le LUE 68 
Mississippi Chemical Corp - - - - ---------—- Yazoo City, MS -----------------——- 393 
MonsantoCo |. 2L cS L2L22222ll Lubng LA — none eeu eee E 850 
N-Ren Corp onc up RR ELE Pryor OR is lnc ee 94 
Do SHOE rU East Dubuque, IL_________________~- 238 
Do Ban ot ste en ee ee Carlsbad, NM____________________ 68 
OLD COM tee a ats SI ae ta Lake Charles, LA ` 490 
Pennwalt Chemical Co _________________ Portland, OR 220 oceano 8 
Phillips Pacific Chemical Co______________ Kennewick, WA a o ty es RE 155 
Phillips Petroleum Co 2... -- Beatrice, N E oe oe tee ee, 210 
PPG Industries Inc _________________--~ Natrium, WV ____________~_______~- 50 
Reichhold Chemicals Inc St. Helens, OR o 90 
J. R. Simplot Co |... Pocatello, ID _——---------------—-——- 108 
Sohio Chemical Co- ---------------———- Lima, OH -----------—-—- da 475 
Tennessee Valley Authority -____-_____-___- Muscle Shoals, AL ----------------- 14 
Terra Chemicals International Inc . Port Neal, IA ------------------—- 210 
Triad Chemical Co oi Donaldsonville, EI. WEE 340 
Union Chemical Co ____~_______________ Kenai, AK oo ee ee 1,100 
DO A AAA AN Brea CA a ee 280 
U.S.S. Agri-Chemicals Inc -______________ Cherokee, AL -—---------------——- 175 
Wycon Chemical Co - ooo Cheyenne, WY ----------------—-- 109 
d Ve EE 16,876 


Source: Economics and Marketing Research Section, Tennessee Valley Authority. World Fertilizer Capacity, 


Ammonia. Muscle Shoals, AL, Feb. 25, 1984. 


CONSUMPTION AND USES 


The 3% decrease in domestic ammonia 
consumption was attributed to low demand 
influenced by the reduction of farm acreage 
under cultivation, relatively low crop 
prices, and poor weather conditions. Ap- 
proximately 80% of the ammonia consumed 
was used in fertilizers that contained anhy- 


drous ammonia, urea, ammonium phos- 
phates, ammonium nitrate, and other nitro- 
gen compounds. Ammonia also was used to 
produce plastics, fibers, and resins, 10%; 
explosives, 4%; and numerous other chemi- 
cals, 6%. 


STOCKS 


Producers’ stocks on hand at the begin- 
ning of the year totaled about 1.97 million 
tons of contained nitrogen. At yearend, 
stocks totaled about 1.42 million tons of 


contained nitrogen. The smaller yearend 
stocks reflected the lack of incentive to 
replace stocks while demand was low. 


PRICES 


Ammonia prices firmed early in the year, 
then rose in expectation of higher Mexican 
prices, possible shortages, and plant shut- 
downs. A decline in sales was caused by the 
announcement in January of the Govern- 
ment's “payment-in-kind” program, but 
prices continued to rise slowly. Prices 
stayed firm during the early spring when 
the Nation suffered a very wet period but 


then declined until they steadied at the 
annual low of $115 in July. The price re- 
covery began in August with expectations 
for a large fall planting to offset the small 
harvest caused by the summer drought and 
possible foreign purchases of U.S. grain. By 
yearend, prices had risen to the annual high 
of $180. 
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Table 5.—Price quotations for major 
nitrogen compounds at yearend 1983 


(Per short ton) 
Compound Price 
Anhydrous ammonia: 
Fob. gulf coast |... $175-$180 
Delivered Corn Belt ____________ 175- 185 
Ammonium sulfate: F.o.b. Corn Belt ` ` ` 99- 113 
Ammonium nitrate: Delivered Corn Belt_ _ 135- 145 
rea: 
F.o.b. gulf coast -__---_-----.-.-- 135- 140 
Delivered Corn Belt ___________- 160- 167 
Diammonium phosphate: F.o.b. central 
o no Ram 176- 181 


FOREIGN TRADE 


Exports of anhydrous ammonia decreased 
51% from the nearly 742,000 tons exported 
in 1982. The combined gross’ weight of 
downstream ammonium compounds export- 
ed for industrial and fertilizer uses de- 
creased 4%. Diammonium phosphates and 
urea led in export tonnage of nitrogen 
compounds. 

Imports of ammonia increased by 25%. 


Canada was the leading foreign supplier of 
ammonia to the United States with 779,146 
tons. The U.S.S.R. supplied about 642,000 
tons; Mexico, more than 575,000 tons; and 
Trinidad and Tobago, more than 535,000 
tons. Ammonia imports from Canada and 
Trinidad and Tobago increased, whereas 
ammonia imports from Mexico and the 
U.S.S.R. decreased slightly. 


Table 6.—U.S. exports and imports for EES of major nitrogen compounds 
in 1 


(Thousand short tons and thousand dollars) 


Compound 


EXPORTS 
Industrial chemicals: 


Ammonia, aqua (ammonia content) `, 
Ammonium nitrate _____________-~_-___---- 
Ammonium phosphate _____________-_------ 
Ammonium sulfate ______________--_~-. E 


Fertilizer materials: 


Ammonium nitrate _______.__.__-_-_-_---- 
Diammonium phosphates ___________-_____-- 
Other ammonium phosphates - - - -------------- 
Ammonium sulfates_ - —-------------------- 
Anhydrous ammonia --_----oooo ooo 
Sodium nitrate. ______________________ LL 
BT === ld E es EE 
Nitrogen solutions. _____________________ o 
Other nitrogen fertilizers -_---------------—-- 
Mixed chemical fertilizers |. - -------------—-- 


IMPORTS 
Industrial chemicals: 


Anhydrous ammonia and chemical-grade aqua ...... 
Ammonium nitrate _______________________ 
Ammonium phosphate ____________________~- 


Ammonium sulfate 
Fertilizer materials: 


Ammonium nitrate 2. 


Diammonium phosphates `. io 
Other ammonium phosphates. _______________- 
Ammonium sulfate ______________________- 
Calcium cyanamide or lime nitrogen_____________ 
Calcium nitrate -- ooo 


See footnotes at end of table. 


weight content Value 
A AR AN 3 2 215 
EE 4 1 268 
EPE he ee ian ae ce eed oe oe 3 l 4,568 
EE 2 (1) 94 
SE 45 15 5,830 
"ECHTE 4,101 847 134,389 
EON cleat ee 364 40 60,021 
Be E cn et eet a a tat Se T 128 153 40,871 
EG 363 298 48,336 
EE 21 3 3,410 
Fee ANE OTE E 1,099 506 126,062 
BEER 20 7 198 
EE 41 8 4,166 
EENEG 84 8 19,633 
EEN 7,484 1,889 1,050,061 
gait Acta seal Cie Sead ee ER 2 2 321 
BT ee ver yer e m 163 57 18,808 
e (1) (1) 157 
PUER RON (1) (1) 42 
BEE 347 116 42,101 
ie Sy ity tae eI Ng en (1) (1) 3 
A A OR 52 10 9,330 
AN EE 142 16 26,400 
gost rte NS a ene ses 285 60 24,100 
MR ee haps a 1 (1) 265 
A AT A 155 23 11,111 
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Table 6.—U.S. exports and imports for consumption of major nitrogen compounds 
in 1983 —Continued 


(Thousand short tons and thousand dollars) 


Gross Nitrogen 


Compound weight ^ content Value 
IMPORTS —Continued 
Fertilizer materials —Continued 

Nitrogen solutions.________________________________________ 23 74 23,91 
Anhydrous ammonia - - - —-—----------—----—-—-———————-———————————— 2,639 2,169 344,320 
Potassium nitrate `- a a i EE ce et ees M S iE 37 5 8,870 
Potassium nitrate-sodium nitrate mixtures_ _—-——---------—--------—--—-——-— 21 3 2,650 
Sodium nitrate EE 97 16 10,383 
FOR EE 1,919 883 235,946 
Other nitrogenous fertilizers _—- ---—-—-------------------—-—-—-—-—-———— 56 1 10,795 
Mixed chemical fertilizers --—-—-—---------------—---———-—-—-—-—-—-——— 133 13 24,075 
TORY um nan als e e enu a de eh DE a UE ue 6,281 3,458 ` 793,574 

1Less than 1/2 unit. 

WORLD REVIEW 


World ammonia production increased to 
approximately 85 million tons of contained 
nitrogen. Idle plant capacity was estimated 
to be over 7 million tons per year and 
included plants in Italy, Japan, the Persian 
Gulf area, the Republic of South Africa, Sri 
Lanka, Trinidad and Tobago, Turkey, and 
the United States. The high cost of feed- 
Stock, competition, revalued currency that 
made payment on debt difficult, plant inef- 
ficiencies, and international conflict were 
some reasons for plant closures. Nitrogen 
plants were under construction in Burma, 
- China, India, Indonesia, North Korea, Mad- 
agascar, the Middle East, the Netherlands, 
Poland, Somalia, Sudan, the U.S.S.R., and 
Yugoslavia. New plants were planned for 
Argentina, India, Indonesia, Nigeria, and 
Thailand. Many countries continued to suf- 
fer from an economic recession but there 
were indications of a recovery in the Fed- 
eral Republic of Germany where slight 
economic growth was expected, in Japan 
with an export-led recovery, and in the 
United States. 

In Western Europe, where natural gas 
prices were linked to oil prices, oil price 
fluctuations affected natural gas-based am- 
monia producers. Most ammonia plants in 
Western Europe used natural gas as feed- 
stock. In Persian Gulf countries, production 
rates of byproduct natural gas were directly 
affected by oil production rates. An ex- 
pected increase in world prices improved 
the outlook for ammonia producers. 

Abu Dhabi.—A fertilizer complex was to 
come on-stream in 1984 at Ruwais with a 
capacity of 300,000 tons per year of ammo- 
nia and 500,000 tons per year of urea. The 
complex was built by Chiyoda Chemical 


Engineering and Construction Co. for the 
Ruwais Fertilizer Industries Co.? 

Burma.—The state-owned Petrochemical 
Industries Corp. announced plans to com- 
mission a new ammonia-urea facility by 
yearend. The urea plant was to have a 
capacity of 39,000 tons per year.? 

Canada.—Esso Chemicals Co.'s new 1,600- 
ton-per-day ammonia plant at Redwater, 
Alberta, began operation in February using 
natural gas for feedstock. The new plant 
was expected to be more energy efficient 
than older plants.* 

China.—One of China's fertilizer projects 
was nearing completion. The 330,000-ton- 
per-year ammonia and 530,000-ton-per-year 
urea complex is located in Zhejiang Prov- 
ince. The ammonia unit was designed by 
Haldor Topsoe and Linde.5 

Construction of China's first large fertiliz- 
er complex was to begin at Weizizhen, 
Shanxi Province. The new plant was design- 
ed to produce 272,000 tons of ammonia and 
consume about 1 million tons of coal feed- 
stock annually. Plant completion was plan- 
ned for 1986.5 

India.—Ammonia production began in 
July 1983 at Hindustan Fertilizer Corp. 
Ltd.’s giant Haldia complex. Trial produc- 
tion of the 198,000-ton-per-year unit contin- 
ued for 1 week before continuous produc- 
tion started.” 

The Krishak Bharati Cooperative began 
construction on two 1,350-ton-per-day am- 
monia plants at the Hazira fertilizer com- 
plex near Surat in the State of Gujarat.* 

Indonesia.—A 560,000-ton-per-year urea 
plant at Bontang, East Kalimantan, was 
completed. Indonesia planned to export to 
the Philippines when its new ammonia- 
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urea facilities start production 

Iraq.—In May, the fertilizer complex at 
Al Qaim came on-stream with capacity to 
produce about 60,000 tons per year of 
ammonia.! 

Italy. —Fertimont, the fertilizer division 
of Italy’s Montedison Group, announced 
plans to build an energy saving ammonia 
pilot plant adjacent to the company’s exist- 
ing fertilizer facilities at Ferrara. The proj- 
ect was to cost about $32 million.” 

Japan.—Ube Ammonia Co., Ube Indus- 
tries Ltd.’s subsidiary, started construction 
in June on its 1,000-ton-per-day ammonia 
plant at Ube City that was designed to 
utilize Texaco Inc.’s coal gasification proc- 
ess.?? 

Libya.—The Socialist People's Libyan 
Arab Jamahira was constructing two 1,350- 
ton-per-day ammonia units at Sirte. Con- 
tracts were let for the construction of a new 
harbor at Sirte to serve the fertilizer com- 
plex.!? 

Madagascar.— An ammonia-urea plant 
was under construction at Tamatave. The 
plant capacity was to be 80,000 tons per 
year of ammonia and 46,000 tons per year of 
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urea.!! 

New Zealand.—The first natural gas- 
based project in New Zealand's energy 
growth program was completed in Kapuni. 
When in full operation, Petrochem N.Z. 
Ltd.'s ammonia-urea plant was expected to 
provide more than $30 million annually in 
overseas earnings. The bulk of the Taranaki 
plant production initially would be for 
export.!5 

Nigeria.—The Nigerian Government 
awarded a contract to a consortium of five 
companies for a fertilizer complex at Port 
Harcourt. Facilities to produce 300,000 tons 
per year of ammonia were scheduled to 
come on-stream in 1984.16 

Saudi Arabia.—The Al Jubail Fertilizer 
Co., a joint-venture company established by 
the Taiwan Fertilizer Co. and Saudi Basic 
Industries Corp. in 1983, commissioned a 
new ammonia-urea complex at Al Jubail 
that was expected to increase Saudi Ara- 
bia’s ammonia capacity by 330,000 tons per 
year.!” 

U.S.S.R.—Production began in September 
at the 450,000-ton-per-year ammonia plant 
at Angarsk.!* 


Table 7.—Ammonia: World production, by country! 
(Thousand short tons of contained nitrogen) 


Country? 


Burma o co ere ee eee E ind. 


Deninark AA 
Egyp 


France AAA AAA E 
German Democratic Republic ------------------- 
Germany, Federal Republic of |... 
EE 


GEN A a aa aaae 
Korea, North® L- --------------------—-—-———- 


See footnotes at end of table. 


¡RUBIA 02 ri EE a r ee eat a do LU 


1982? 


1979 1980 1981 1983° 
geg 30 11 10 9 71 
e 79 83 84 84 84 
T 23 33 47 180 144 
SE 67 72 44 64 363 
A 340 389 352 270 3424 
EM 513 540 536- 535 545 
z 184 154 168 201 175 
is 584 596 648 561 500 
Es 293 388 414 555 3814 
"m" 860 912 924 934 925 
Béi 61 66 65 56 60 
EI 2,184 r2 310 2,399 2,273 32 617 
ES 9,723 11,012 13,440 14,010 16,540 
PS 77 77 101 108 3112. 
xl 171 150 184 108 85 
en 883 930 937 795 770 
s 36 34 34 34 313 
m 290 441 511 722 3713 
E" 126 77 76 76 376 
E 2,370 2,298 r2 500 r2 100 2,200 
"E 1,188 1,303 1,328 1,323 1,200 
el 2,382 2,253 2,163 1,731 31,877 
nee 316 249 248 281 3280 
MN 885 876 902 873 880 
Se 8 8 8 T9 9 
We 2,487 2,448 3,520 3,624 3,500 
aes 687 1,034 1,014 1,133 1,300 
ENEA 202 240 220 29 30 
ps 496 551 88 egg 88 
Ee 188 280 321 e276 325 
__ 16 60 41 55 60 
EN 71,516 71,540 1,331 1,153 31,169 
Ee 2,566 2,326 2,020 1,821 1,700 
"n 500 500 500 500 500 
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Table 7.—Ammonia: World production, by country! —Continued 
(Thousand short tons of contained nitrogen) 


Country? 1979 1980 1981 1982P 1983* 
Korea, Republic of `. 1,059 935 823 599 475 
EE *480 485 420 358 3345 
E ecu boom Lee pL ELI A E E 147 165 165 r270 490 
Malaysia eM T MED 57 45 41 31 332 
MeXICO a A e e e e uL 1,498 1,706 1,979 2,239 32,133 
Netherlands - ---------------------—--—---—--——- 2,112 2,066 ,000 1,824 1,922 
OPWHy ed 600 568 601 574 3565 
Pakistan? ai eaten ale ee eM le i n ea LK cer 425 414 654 1,083 1,100 
Don ORC ERR M ce ee a ey TEUER HANE 88 68 107 193 94 
Philippines- - - - - - - -- - ----------—-—-———-——---——— 44 43 36 16 22 
oland nua ee 1,681 11.629 1,531 1,433 1,430 
Portugal oo la le o eo et 245 221 145 146 3122 
A O II A er 334 461 419 478 3531 
Romanib rco nie cM e EE 2,014 2,478 2,625 2,852 2,810 
Saudi Arabia. -— -------------------------——- 171 184 187 229 320 
South Africa, Republic of ~- ---------------------- 621 605 608 629 3652 
¡AA A A RS 7911 818 819 593 3557 
A A O AS 98 95 87 85 353 
Switzerland onc or A e50 e50 36 36 339 
SYTA A A A 84 53 66 72 3125 
TAIWAN ac T -——————»Ó 431 457 448 350 3342 
Trinidad and Tobago - - - - - --- ------------------ 428 506 384 177 3] ,082 
RUE EES 226 168 252 e2 307 
PP AAA EEN 13,448 13,889 14,220 16,090 16,000 
United Kingdom `... 1,836 1,800 1,962 1,892 1,870 
United States ae ass ai ia 15,420 16,244 15,655 12,968 11 246 
Venezuela ------------ A ear ae 285 397 451 485 310 
Yugoslavia —— - -- - - ----------------------- cs ™461 1445 464 463 450 
Zambia AAA A A AA e22 22 €22 30 331 
Zimbabwe --------------------------—---——— 66 66 66 198 78 
q EA AAA AA 78,413 "81,384 84,523 83,563 85,442 
*Estimated. Preliminary. ‘Revised. 


1Table includes data available through May 23, 1984. 


2In addition to the countries listed, Vietnam has a nitrogen (N content of ammonia) production capacity of about 60,000 
short tons per year; it is not known at what output level the plant is operating. 


Reported figure. 
*Data are for years beginning Apr. 1 of that stated. 


5Data as reported by Pakistan in fiscal year July 1 through June 30; production for 1982 includes some other forms of 


nitrogen. 


TECHNOLOGY 


The Tennessee Valley Authority devel- 
oped a use for impure phosphoric acid, 
referred to as sludge acid, a sidestream 
product of impurity removal in the produc- 
tion of diammonium phosphate. The use of 
sludge acid in the production of granular 
monoammonium phosphate was tested in a 
pilot plant that employed a pipe reactor and 
a drum granulator. The pipe reactor, rec- 
ommended by the U.S. Department of Ener- 
gy, reportedly can save $1 to $2 per ton in 
production cost. It is actually a prereactor 
in which sludge acid, ammonia, and water 
react before they are sprayed into the drum 
granulator. The heat of reaction generated 
shortens the product drying process.’® 

A new horizontal ammonia converter was 
designed to be more energy efficient, cost 
less than standard converters, have a high 
capacity, and be easily serviceable. The 
horizontal configuration eliminates the dis- 


advantages of a large pressure drop, large 
vessel diameter, and the large volume of 
catalysts that are characteristic of the verti- 
cal axial flow converter. Two catalyst beds 
in the converter act as three beds because 
the second bed is split into two parts, with 
the gas flowing in series through them. This 
arrangement was selected because of the 
dependence of gas flow distribution on the 
ratio of bed pressure drop to the dynamic 
head of the stream flow.?" 

Imperial Chemical Industries PLC (Unit- 
ed Kingdom) designed an ammonia plant 
that was less complicated. than traditional 
plants, required less capital costs, and pro- 
duced ammonia cheaper than other designs. 
It also enables optimum use of natural gas, 
reducing consumption to about 23 million 
British thermal units per short ton of 
ammonia.?! | 

A new 1,100-ton-per-day ammonia plant, 
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designed by M. W. Kellogg, was started up 
by Sherritt Gordon Mines Ltd. at Fort 
Saskatchewan, Alberta, Canada. The de- 
signer claimed the new installation was the 
most energy efficient ammonia plant that it 
had constructed. M. W. Kellogg claimed 
that producers purchasing natural gas at $3 
per 1,000 standard cubic feet could save 
more than $20 per ton in ammonia produc- 
tion cost using the new design.?? 


1Physical scientist, Division of Industrial Minerals. 
2Fertilizer International. No. 173, Nov. 1983, p. 7. 
3Nitrogen (London). No. 144, July-Aug. 1983, p. 12. 
4 — ——. No. 143, May-June 1983, p. 10. 


¿Nitrogen (London). No. 141, Jan.-Feb. 1983, p. 13. 

. No. 145, Sept.-Oct. 1983, p. 11. 

"Fertilizer International. No. 170, Aug. 1983, p. 1. 

5Euro Chemical News. V. 40, No. 1077, Apr. 11, 


1983, p. 


®Nitrogen (London). No. 145, Sept.-Oct. 1983, p. 18. 
10Work cited in footnote 2. 

MFertilizer International. No. 164, Feb. 1983, p. 11. 
12Page 12 of work cited in footnote 9. 

13Fertilizer International. No. 171, Sept. 1983, p. 1. 
ee (London). Africa. No. 142, Mar.-Apr. 1983, 


35... No, 141, Jan.-Feb. 1983, p. 24. 


16 Page 20 of work cited in footnote 14. 

Work cited in footnote 2. 

18Nitrogen (London). No. 146, Nov.-Dec. 1983, p. 9. 
19?Farm Chemicals. V. 147, No. 10, Oct. 1983, d 31, 40. 
20Chemical Engineering Progress. V. 79, No. 5, May 


1983, p. 56. 


2 Page 62 of work cited in footnote 20. 
22Chemical Week. V. 133, No. 23, Dec. 7, 1983, p. 50. 


Peat 


By Charles L. Davis’ 


U.S. production of all types of peat 
decreased 12%. Michigan, Florida, Illinois, 
Indiana, and Colorado continued to be the 
major peat-producing States. Reed-sedge 
peat was the most common kind produced, 
followed by humus, unclassified, hypnum, 
and sphagnum. Sales of peat, mostly in 
packaged form, by domestic producers de- 
creased 6% in quantity but increased 11% 
in value. Apparent consumption was essen- 
tially unchanged. Imports, nearly all from 
Canada, increased 13% and provided about 
37% of apparent consumption. Peat was 
used predominantly for agricultural and 


horticultural purposes, but a minor quanti- 
ty, 850 short tons, was used for fuel. 

The U.S.S.R. produced about 96% of total 
world peat production. 

Domestic Data Coverage.—Domestic pro- 
duction data for peat are developed by the 
Bureau of Mines from a voluntary survey of 
U.S. operations. Of the 109 operations to 
which a survey request was sent, 93 re- 
sponded, representing 85% of the total pro- 
duction shown in table 1. Production for the 
16 nonrespondents was estimated using pri- 
or year production levels adjusted by trends 
in employment and other guidelines. 


Table 1.—Salient peat statistics 


1980 1981 1982 1983 
United States: | 
Number of active operations _________________-___._---- 96 90 r93 94 
Production- -ssaa ir thousand short tons. _ 185 686 1798 704 
Sales by producers --------------------------——- o --- 788 757 "769 725 
Ree TTC do__-- 298 276 1259 223 
Packaged _______________________________do____ 491 481 r511 503 
Value of sales --------------------------—— thousands . $16,190 $18,784 "$16,871 $18,667 
Average per ton -—---------------------—--—---——- $20.54 $24.82 "$21.94 $25.73 
Average per ton, bulk______________ io $15.46 $17.28 "$16.34 $18.34 
Average per ton, packaged or baled ____________________ $23.61 $29.14 "$24.77 $29.00 
Imports for consumption -------------- thousand short (ong _ 402 342 370 419 
Consumption, apparent? __—-—------------------———- do .. 1,190 1,099 71,139 1,144 
Stocks, yearend producers’ ____________-___~--__-- do____ 330 269 357 438 
World: Production’... 2:22... 5655 362 oe ee do. ... "337,144 387,277 414,089 °413,511 
Estimated. Preliminary. "Revised. 
1Sales plus imports. 
DOMESTIC PRODUCTION 


Peat was produced by 94 active oper- 
ations in the United States. Eight large 
mines, with annual capacities greater than 
25,000 tons, accounted for 46% of the pro- 
duction compared with 54% in 1982. These 
operations included three reed-sedge mines 
in Michigan and one each in Florida, Illi- 
nois, and Indiana; one humus mine in 


Georgia; and one unclassified peat mine in 
Florida. 

Production of reed-sedge peat decreased 
10% and accounted for 59% of total peat 
production. The remainder was humus, 
25%; unclassified peat, 8%; hypnum moss, 
5%; and sphagnum moss peat, 3%. 

Rajso Torv AB, a Swedish company, was 


655 


656 


granted a 25-year lease on 2,625 acres of 
State-owned. peat land in Minnesota. The 
company planned to compress the peat into 
briquets for fuel and develop a Midwestern 
U.S. market. The company had been the 
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first to produce peat in Sweden on a large 
scale for fuel. The success or failure of this 
imported Swedish technology was expected 
to influence future peat use in Minnesota. 


Table 2.—Relative size of peat operations in the United States 


Size in short tons per year 


: Production 
Active 

(thousand 

operations short tons) 
1982 1988 1982 1988 
E EENE TAPAA EEEE E, Tg 8 7481 822 
SE rg 6 VH 108 
GE Tg 7 97 92 
EE T14 9 T90 69 
rac LC PAL see Ton 25 785 91 
NCMO a TETEA 11 12 16 17 
A o OAE t27 27 tg 9 
ENN T98 94 2798 2704 


"Revised. | 
| 1Data do not add to total shown because of independent rounding. 
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Figure 1.—Production and imports of peat in the United States. 
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CONSUMPTION AND USES 


Domestic sales by U.S. peat producers 
decreased 6% and consisted of 63% reed- 
sedge, 23% humus, 6% unclassified, 4% 
hypnum, and 4% sphagnum. Bulk sales 
declined 14% and packaged sales decreased 
2%. Peat sold in packaged form was 69% of 
sales, and consisted of 74% reed-sedge, 16% 


humus, 5% sphagnum, and 5% hypnum. 
Decreased sales of peat occurred for use in 
potting soils, earthworm culture, and mixed 
fertilizers. Sales increased for growing vege- 
tables and for nurseries. Apparent con- 
sumption of peat was essentially unchang- 
ed. 
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Table 3.—U.S. peat sales by producers in 1983, by use 


In bulk In packages Total? 
Use Quantity Value Quantity Value Quantity Value 


(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) ' sands) 


Earthworm culture medium `. 1,033 $16 67 $1 1,100 $17 
General soil improvement |... ------- 14,893 1,288 411,815 10,781 486,208 12,013 
Golf course ~- _-_______________ 2-2 20,922 478 1,500 17 22,422 555 
abaya for potting soils e 54,887 1,126 52,222 1,891 107,109 8,017 
fertilizers. _§___________________ 15,000 125 500 85 15,500 160 
Mushroom beds ___§._§.______________ 4,149 75 998 210 7,147 
Pala ices dec dn c ere us viro i er 
owers, plants, shrubs, etc |... é 
Seed inor po c ou KE S o e 8 8% 
E AMI AA 8,178 51 4,820 200 7,498 251 
q nul ue ee e 222,562 4,088 ` 502,868 114,584 725,480 18,667 


1Data do not add to total shown because of independent rounding. 


Table 4.—U.S. peat production and sales by producers in 1983, by State 


Pro- 
duction Sales 
Active Quantity Quantity 
State vp (thou- (thou- Value’ Percent 
| ations sand sand (thou- pack- 
short short sands) aged 
tons) tons) 
Calor AAA A UL LE 8 16 18 $612 72 
RE, EE 5 W 86 
Floridi RA ON AAA no T Po 6 128 114 1,999 85 
"unn 2 W W 99 
TUN OIG Sa ei ee A 5 W W 93 
rS, === a ee 8 65 81 1,973 85 
e IAE A EE 3 W W W 25 
MAD <= lm cec ene cw e iL eta pillado 8 W W W 96 
Maryland o eae ce iaa 1 5 4 W 12 
Michigan Eu uU E C 16 180 215 42% 30 
Minnesota -so ee ee "--———————— 4 W W W 84 
Montani noce a e ME. 2 W W W 93 
New Jersey- - — - - --- - ---------------—-- AE 5 6 W W 42 
New York ed 6 W 18 W 89 
North Carolina . ----------------------—---—-—- 2 W W W 81 
North Dakota __________~~_ ~~~ cc 2222222222222 1 W W W a 
0], 17 IEA A ag EE E ele ay cet Br a 6 W W W 89 
Pennsylvania 2222222222222 A 8 23 22 628 25 
South Carolina _——_—-----------------------———— 1 W W W 96 
i |» EPE rk NEN CECI M 3 W W W ear 
Wisconsin 4 i ane a a ee ge 3 9 9 W 39 
Total or ilr om ———M 94 704 2725 18,667 69 


W Withheld to avoid disclosing company proprietary data; included in “Total.” 
1Values are f.o.b. producing plant. 
¿Data do not add to total shown because of independent rounding. 
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Table 6.—U.S. peat production and producers’ yearend stocks in 1983, by kind 


; i Yearend 
. Active Production Percent of 
Kind operations  (shorttons) production usce 

a um A hte ot ee et 6 23,952 3.4 23,924 

ypnum mo88 A 6 32,825 4.7 12,690 

TEE 44 412,792 58.6 356,459 

(e ENT AAA AAA E AAA 31 175,573 24.9 27,484 

Other EE 10 58,769 8.4 17,544 

OU NEE 197 703,911 100.0 438,101 
1Includes three additional bogs. 


PRICES AND SPECIFICATIONS 


The average price per ton for all types of for packaged peat 17%. The price per ton of 
peat, f.o.b. mine, increased 17%. The unit imported sphagnum peat remained at about - 
price for bulk peat increased 12% and $125. 


Table 7.—Prices' for peat in 1983 


(Dollars per unit) 
ypnum Reed- 
num Humus Other Average 
noe moss sedge 
Domestic: 
Bulk: | 
Per short ton ------------------——- 17.69 23.50 23.58 12.78 19.43 18.34 
Per cubic yard ___________________ 5.31 9.21 11.28 7.21 9.08 9.20 
Packaged or baled: 
Per short ton ~- ----------------—-— 65.50 44.11 26.93 22.62 16.00 29.00 
Per cubic yard _____________~____-_ 7.08 15.80 12.23 12.26 8.00 11.45 
Average: 
Per short ton -----------------——- 61.51 39.22 26.35 17.41 19.39 25.73 
Per cubic yard ooo 7.02 14.34 12.07 9.68 9.07 10.87 
Imported, total, per short ton? ______________ 124.35 XX XX XX XX 124.35 
XX Not applicable. 
1Prices are f.o.b. mine. 
2 Average customs price. 
Table 8.—Average density of domestic peat sold in 1983 
(Pounds per cubic yard) 
Sphag- H 
ypnum Reed- 
num Humus Other 
modà moss sedge 
Bulk. o ucc ceu A 600 784 957 . 1,139 935 
Packügod. c ee 216 716 908 1,084 1,000 
Bulk and packaged __ _____~_____~ ~~ ~~ c 222 228 731 916 1,112 936 
FOREIGN TRADE 


Peat imports increased 18% in quantity 
and 12% in value. More than 99% of these 
imports continued to be sphagnum moss 
peat from Canada. This Canadian peat had 
more desirable qualities than most domesti- 
cally produced peat. Approximately 46% 
entered the United States through customs 


districts in New York. Significant quanti- 
ties also entered through customs districts 
in North Dakota, Michigan, Montana, 
Washington, Maine, and Vermont. Minor 
quantities of peat were imported from the 
Federal Republic of Germany and Ireland. 
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Table 9.—U.S. imports for consumption of peat moss in 1983, by country 


Poultry- and Fertilizer- 
stable-grade grade Total? 
Country Quantity Value Quantity Value Quantity Value 
(short (thou- (short §(thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Canadà —— ————J A 47,143 $6,034 371,371 $45,985 418,514 $52,019 
Germany, Federal Republic of |... 4 3 110 114 17 
Ireland EEN 69 26 E ES 69 26 
Obst! oun e cnr oos EE 5 3 5 2 10 5 
TOR. 2 a e tee 47,220 6,066 371,486 46,001 418,706 52,066 
Includes Finland, the Netherlands, New Zealand, and the United Kingdom. 
“Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 
Table 10.—U.S. imports for consumption of peat moss in 1983, by customs district 
Poultry- and Fertilizer- 
stable-grade grade Total? 
Customs district Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Baltimore, MD___________________--__ _ 13 $16 e EN 18 $16 
Boston, MA ` 22222222 2222222222 8 8 5 $2 8 5 
Buffalo, NY?_________________________ 19,948 2,846 5,977 674 25,925 3,520 
Detroit, MI? _-_______________________~_ 26,602 3,094 22,492 1,806 49,094 4,900 
Duluth, MN?_________________________ CIEN Ge 441 97 441 97 
Great Falls, MT? ______________________ a c 37,041 5,552 37,041 5,552 
Honolulu, HA?________________________ 1 1 33 84 6 
oston TA EE 1 1 ics TE 1 1 
Los Angeles, CA ooo 25 es 128 14 128 14 
Minneapolis, MN ______________________ as T 20 5 20 5 
Norfolk, VA _______-__--_-----_--____- 12 25 -- Es 12 25 
Ogdensburg, NY?______________________ 430 36 168,512 19,410 168,942 19,446 
Pembina, ND* 222222222222 2L Esta MT 52,154 ; 52,764 8,429 
Philadelphia, PA ---—-----------------—- 56 10 ae i 56 10 
Portland, ME?________________________ 18 9 26,973 3,217 26,991 3,220 
San Francisco, CA?_____________________ 3 1 15 18 8 
San Juan, PR?________________________ 95 23 Se Va, 95 23 
Seattle, WA?______________-______--_- es men 32,986 4,138 32,986 4,138 
St. Albans, VT? _______________________ 20 3 24,109 2,649 24,129 2,652 
Virgin Islands? _______-___ ooo 18 4 — EE 18 4 
NEE 47,220 6,066 371,486 46,001 418,706 52,066 


1Data may not add to totals shown because of independent rounding. 


2Predominately of Canadian origin. 


WORLD REVIEW 


Peat-fueled plants, with a total installed 
capacity of 450 megawatts, supplied 20% to 
30% of Ireland’s electric power. Finland 
used peat as a fuel to produce both heat and 
electric power to supply 3% of the country’s 
energy needs. One of the Finnish stations 
had an electrical generating capacity of 60 
megawatts and a thermal heating capacity 


of 117 megawatts. The U.S.S.R. had 76 peat- 
fueled power stations with a total capacity 
of about 5,000 megawatts. Officials from the 
United States visited these European coun- 
tries to study their peat-burning heat and 
electric power generation industries and 
technology. 
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Table 11.—Peat: World production, by country’ 


(Thousand short tons) 
Country? 1979 1980 1981 1982P 1983° 
Argentina: Agricultural use |... 4 5 3 4 35 
RT TEE T16 13 *15 det 14 
CT, EEN 10 10 10 15 22 
Canada: Agricultural use... ________ 529 €538 509 537 3600 
Denmark: Agriculturalus* 50 34 36 104 110 
Finland: 
Agricultural uge... 852 637 225 97 110 
el ebe 1,710 2,029 1,436 6,063 5,500 
France: icultural use _______________ 155 155 155 143 130 
Germany, hte s ee of: 
e 2,038 1,607 1,920 2,023 2,040 
- Fuel ______ Bl cec rc 254 808 211 219 290 
ungary: Agricult use? /.— = 17 17 17 17 Tl 
Ireland: 
Agricultural use - -—- _______________ 100 97 89 105 105 
^ EROR EC D RF ucc CE eee 4,041 4,879 5,906 5,819 5,850 
Israel: Agricultural useé . . 20 22 22 22 22 
Netherlands®_______________________ 441 441 441 441 441 
Norway:* 
Agricultural MGS ln us E E 2 e e Ei El 
Poland: Fuelandagriculturaluse . . 220 223 222 220 220 
VM rc pe DONE CNN 51 49 43 66 60 
Sweden: Agricultural use... 192 148 144 r e144 144 
R.: 
ara Wi ad €220,000 259,000 309,000 *331,000 831,000 
WG) onm nb oe eh 66,000 66,000 66,000 66,000 66,000 
United States 
Agricultural use - —- ----------------——- 825 185 686 798 2703 
| AAA EE TE Gë __ me 31 
Venezuela: Agricultural use“ |... 20 20 NA NA NA 
TOA. 2 c MU LE 297,672 1337,144 887,277 414,039 413,511 
Fuel peat included in total -___________..- 72,226 73,440 73,836 78,382 77,862 


rable includes data available through June 13, 1984. 


“In addition to the countries listed, Austria, Iceland, and Italy produce e negligible 
German Democratic Republic is a major producer, but output is not officiall 


TRevised. NA Not available. 


uantities of fuel peat, and the 


y repo and available information is. 


inadequate for formulation of reliable estimates of output levels. 


,Eeported 
*Sales 


TECHNOLOGY 


The U.S. Department of Energy and the 
Institute of Gas Technology funded a proj- 
ect to operate a pilot plant in Chicago, IL, to 
produce substitute natural gas (SNG) from 
peat. The project included plant design, 
procurement, and installation of drying, 
grinding, screening, and lockhopper feed 


systems. Operation of the pilot plant con- 
firmed that peat was an excellent raw 
material for SNG production.? 


! Physical scientist, Division of Industrial Minerals. 
“Institute of Gas S.E A Peat Gasification T 
a Project 70105, Final Rep., Mar. 1 
pp 
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Perlite 


By Arthur C. Meisinger! 


U.S. production of both processed and 
expanded perlite declined for the fifth con- 
secutive year. Processed perlite sold and 
used by producers decreased 6% to 474,000 
short tons valued at $15.7 million. Sales of 
expanded perlite, from 68 plants in 33 
States, decreased 10% to 385,000 short tons 
valued at $63.5 million. 

The United States became a net importer 
of processed perlite with imports exceeding 
exports by about 19,000 tons. 

Domestic Data Coverage.—Domestic pro- 
duction data for perlite were developed by 
the Bureau of Mines from two separate 
voluntary surveys, one for domestic mine 
operations and the other for plant oper- 


ations. Of the 13 mining operations to which 
a request was sent, 7, or 54%, responded, 
representing 86% of the total processed ore 
sold and used shown in table 1. Mine data 
for the six nonrespondents were estimated 
using reported prior year production levels 
adjusted by trends in employment and oth- 
er guidelines. Of the 68 expanding plants to 
which a request was sent, 40 plants, or 59%, 
responded, representing 67% of the total 
expanded perlite sold and used shown in 
table 1. Plant data for the 28 nonrespond- 
ents were estimated using reported prior 
year production levels adjusted by trends in 
employment and other guidelines. 


Table 1.—Perlite mined, processed, expanded, and sold and used by producers in the 
United States 


(Thousand short tons and thousand dollars) 


Processed perlite Expanded perlite 
Total 
: Used at own : 
Perlite uantity Quantity 
Year eege? Sold to expanders plant to make q Sold and used 

mined expanded material e and produced 
Quantity Value Quantity Value Quantity Value 
o MAA 847 322 7,996 338 8,439 660 551 543 61,200 
1980_________ 824 334 9,053 304 7,447 638 544 537 9,200 
EE eomm 710 324 9,928 267 7,530 591 494 485 66,300 
1982. — 4 623 263 8,755 243 7,289 506 433 428 63,600 
1983__------- 608 293 9,942 181 5,722 474 387 385 63,500 

1Crude ore mined and stockpiled for processing. 
DOMESTIC PRODUCTION 


Processed Perlite.—The quantity of per- 
lite mined for processing, by 11 companies 
from 13 operations in 7 Western States, 
decreased 2% to 608,000 short tons. Perlite 
mines in New Mexico accounted for 86% of 
the U.S. total; the remainder came from 
mines in Arizona, California, Colorado, Ida- 
ho, Nevada, and Utah. Ore producers were 


Harborlite Corp. and Sil-Flo Inc. in Arizona; 
American Perlite Co. in California; Perso- 
lite Products Inc. in Colorado; Oneida Per- 
lite Corp. in Idaho; Delamor Perlite Co. and 
United States Gypsum Co. in Nevada; Gref- 
co Inc., Manville Products Corp., Silbrico 
Corp., and United States Gypsum in New 
Mexico; and Holly Corp. in Utah. 
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Processed perlite sold and used for expan- 
sion declined 6%. ) 

Expanded  Perlite.—Expanded perlite 
was produced by 68 plants in 33 States. The 
quantity produced decreased 10%. Leading 
States, in descending order of volume, were 
California, Illinois, Mississippi, Pennsylva- 
nia, Virginia, Texas, Indiana, Florida, Ken- 


MINERALS YEARBOOK, 1983 


tucky, and Colorado. California and Texas 
each had seven active plants, followed by 
Indiana and Pennsylvania with five each, 
and Florida with four. Grefco. sold its three 
insulation-board plants in California, Ken- 
tucky, and New Jersey to International 
Permalite Inc, Ontario, CA. The New 
Jersey plant was closed during the year. 


Table 2.—Expanded perlite produced and sold and used by producers in the United 


States, by State 
1982 1983 
produced Quantity Value Average Produced Quantity Value Average 
(short (short (thou- value (short (short (thou- value 

tons) tons) sands) per ton! tons) tons) sands) per ton! 

Arkansas _ _ _ _ 800 800 W W 1,100 1,100 W W 
California_ _ - _ 43,300 42,400 $6,162 $145 44,900 43,700 $7,015 $160 
Florida ___--_ 28,400 28,300 ,967 140 21,200 21,300 3,527 166 
Indiana _ __ __ 18,800 19,000 3,840 202 24,200 24,300 5,257 217 
Massachusetts 2,200 2,000 756 378 2,700 2,600 792 302 
New York... 4,300 4,100 782 191 W W W W 
Pennsylvania _ 38,700 38,600 5,751 149 31,700 31,400 5,059 161 
exas ______ 30,300 29,600 5,907 200 27,700 27,400 5,704 208 
Other?______ 266,500 263,500 36,428 138 233,500 233,000 36,144 155. 
Total? ____ 433,000 428,000 63,600 149 387,000 385,000 63,500 165 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1 Average value based on unrounded data and rounded to nearest dollar. 
“Includes Alabama, Arizona (1983), Colorado, Georgia, Idaho, Illinois, Iowa, Kansas, Kentucky, Louisiana, Maine, 


Michigan, Minnesota, Mississippi, Missouri, Nevada, New Jersey, North Carolina, Ohio, Oregon, Tennessee, Utah 
Virginia, Wisconsin, Wyoming, and items indicated by symbol W. 


, 


3Data may not add to totals shown because of independent rounding. 


CONSUMPTION AND USES 


Domestic consumption of expanded per- 
lite declined 10%. Sales of expanded perlite 
for concrete aggregate use increased 29%, 
while that for filter aid use decreased 24%. 


Construction-industry-related uses, such as 
aggregates for concrete, plaster, and formed 
products, and loose-fill insulation, contin- 
ued to account for two-thirds of sales. 


Table 3.—Expanded perlite sold and used 
by producers in the United States, by use 


(Short tons) 

Use 1982 1983 

Concrete aggregate ____________ 15,200 — 19,600 
RENI AAA 4,700 4,200 
Pilter aid! s nA ERE 83,700 63,900 
Formed products! |... 245,800 210,800 
Horticultural aggregate? . 28,200 29,200 
Low-temperature insulation _ ____-_- 3,400 6,000 
Masonry and cavity-fill insulation ___ 12,700 13,600 
Plaster aggregate ___________~_- 14,400 15,400 
Other ant eA oL ce ed 20,300 21,900 
erte a eee 428,000 385,000 


lIncludes acoustic ceiling tile, pipe insulation, roof 
insulation board, and unspecified formed products. 


2Includes fertilizer carriers. 


“Includes fines, high-temperature insulation, paint tex- 
turizer, refractories, and various nonspecified industrial 


uses 


dent rounding. 


‘Data may not add to totals shown because of indepen- 
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PRICES 


The average price of processed perlite 
sold to expanders increased slightly to 
$33.93 per ton. The average price of expand- 
ed perlite used by producers in their own 
plants was $31.56 per ton, an increase of 


5%. The average value of all processed 
perlite sold and used was $33.05 per ton, an 
increase of 4%. The value of expanded 


_perlite sold and used averaged oe per ton, 


an 11% increase. 


FOREIGN TRADE 


The United States imported approximate- 
ly 36,000 tons of processed perlite from 
Greece and exported approximately 17,000 


tons to Canada compared with imports of 
16,000 tons and exports of 20,000 tons in 
1982, according to industry.sources. 


WORLD REVIEW 


Estimated world production of crude 
and/or processed perlite declined slightly. 
The United States, the U.S.S.R., and Greece 
continued to be the leading producing coun- 


tries and, together, accounted for two-thirds 
of total world production. 


1 Industry economist, Division of Industrial Minerals. 


Table 4.—Perlite: World production, by country! 


(Thousand short tons) 
Country” 1979 1980 198d 1982” 1983* 
Australia” n Liu sci euet ner e eee is 2 2 2 3 3 
Czechoslovakia®______________________________ 33 44 46 44 44 
COCO coc ten AAA D 1149 1218 145 r €150 150 
Hungary” Ee ee 108 109 105 99 100 
| d RR CEP EE 100 100 94 88 88 
Japan", EEN 83 85 83 r83 83 
EE EE 46 49 63 43 44 
New Zealand? ___§___________2_________ ee 2 l 1 2 2 
Ebbe os c eee is LSU cie 4 9 8 4 4 
d ENT EE 33 28 50 134 140 
USSR EE 400 400 400 400 400 
United States (processed ore sold and used by producers) _ _ _ - — 660 638 591 506 4474 
Total sedana a oe ese ees a de 71,620 71,683 1,588 1,556 1,532 
*Estimated. Preliminary. "Revised. 


1Unless otherwise specified, figures represent processed ore output. Table includes data available through June 6, 1984. 


2In addition to the countries listed, Algeria, Bulgaria, China, Iceland, Mozambique, the Re 
Yugoslavia are believed to have produced perlite during the 1979-83 period, but output 


ublic of South Africa, and 
ata are not reported, and 


available information is inadequate for formulation of reliable estimates of output levels. 


3Crude ore. 
*Reported figure. 
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Phosphate Rock 


By William F. Stowasser! 


The decline in U.S. phosphate rock pro- 
duction that started in 1981 and continued 
through 1982 was reversed in 1983 when the 
industry began to recover from the econom- 
ic recession and produced 42.6 million met- 
ric tons of phosphate rock. The U.S. Govern- 
ment implemented the “payment-in-kind” 
program to attempt to reduce grain invento- 
ries and the oversupply of farm products. A 
coincidental drought reduced agricultural 
production and thereby improved the 
supply-demand balance in the agricultural 
sector. Demand for phosphate fertilizers 
and therefore phosphate rock increased in 
the latter half of the year. | 

The estimated value of phosphate rock 
produced was $1,021 million, somewhat less 
than the value in recent years prior to 1982 
because of the decline in prices since 1981. 
Phosphate rock exports increased from 10 
million tons in 1982 to 12 million tons in 


1983, indicating improvement in world de- 
mand for phosphate rock, phosphate fertil- 
izers, and agricultural products. 

In Florida, the combination of unfavor- 
able economics, concern for the environ- 
ment, and political attitudes virtually end- 
ed prospects for the development of new 
mines in the next several years. The fertiliz- 
er segment of the Western U.S. phosphate 
industry was expected to continue to supply 
markets in the Western United States and 
Canada. 

Domestic Data Coverage.—Domestic pro- 
duction data for phosphate rock are devel- 
oped by the Bureau of Mines from two 
separate, voluntary surveys of U.S. oper- 
ations. Typical of these surveys is the phos- 
phate rock semiannual survey. Of the 25 
operations to which a survey request was 
sent, all responded, representing 100% of 
the U.S. production data shown in table 1. 


Table 1.—Salient phosphate rock statistics 


(Thousand metric tons and thousand dollars unless otherwise specified) 


1979 1980 1981 1982 1983 
United States: 

Mine production -_____----o iii 185,757 209,883 183,733 104,135 125,691 
Marketable production |... -------—-- 51,611 54,415 53,624 37,414 42,573 
A A A A $1,045,655 $1,256,947 $1,437,986 $950,326 $1,020,901 
Average per metric ton _________ $20.26 $23.10 $26.82 $25.40 $23.98 
Sold or used by producers ____________ _ 53,063 54,581 45,5 38,571 46,839 
Vale- ih E ia Le $1,068,517 $1,243,297 $1,212,433 $983,465 $1,122,966 
Average per metric ton _________ $20.04 $22.78 $26.63 $25.50 $23.97 
WEE 14,358 14,276 10,395 9,842 12,010 
P205 content __________________ 4,611 4,554 3,300 3,138 3,839 
Alden as o et E $356,481 $431,419 $373,192 $293,626 $321,345 
Average per metric ton _________ $24. $30.22 $35. $29.83 $27.26 
Imports for consumption*-_____________ 88 486 13 31 9 
Customs value __________:2______ $21,595 $12,856 $420 $1,302 $427 
Average per metric ton _________ $24.37 $26.45 $32.31 $42.00 $47.44 
Consumption? ______________ occ ll 39,591 40,791 35,144 28,160 34,840 
T131,825 "139,214 138,169 P122,202 €135,000 


World: Production_____-___-____-______ 


“Estimated. Preliminary. "Revised. 

1Exports reported to the Bureau of Mines by companies. 
2Bureau of the Census data. 

3Measured by sold or used plus imports minus exports. 
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Legislation and Government  Pro- 
grams.—A comprehensive examination of 
Federal, State, and local environmental pro- 
tection controls applicable to phosphate 
rock mining was published by the Bureau of 
Mines 

The U.S. Government implemented the 
payment-in-kind program designed to re- 
move from production about 20% of the 
1988 season’s corn, wheat, cotton, rice, and 
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sorghum acreage. The U.S. Department of 
Agriculture program encouraged farmers to 
let land lie fallow in the 1983-84 planting 
season, and in return, they were paid with 
surplus grain from Government stockpiles. 
The purpose of the program was to tighten 
supplies, raise farm commodity prices, and 
save $3 billion to $5 billion in storage costs 
and loans to farmers. 


DOMESTIC PRODUCTION 


Florida and North Carolina produced 36 
million tons of phosphate rock, 84% of total 
U.S. marketable production; the Western 
States produced 5.4 million tons, 13%; and 
Tennessee produced 1.2 million tons, 3%. 

Florida and North Carolina.—Companies 
that mined phosphate rock in central Flori- 
da were Agrico Chemical Co., Amax Chemi- 
cal Inc., Beker Phosphate Inc., Brewster 
Phosphates, CF Industries Inc., Estech Inc., 
Gardinier Inc., W. R. Grace & Co., Interna- 
tional Minerals & Chemical Corp. (IMC), 
Mobil Chemical Corp, and USS Agri- 
Chemicals Inc. Occidental Chemical Co. pro- 
duced marketable phosphate rock in Hamil- 
ton County, in north Florida. 

Several small companies in north-central 
Florida intermittently mined soft phos- 
phate rock from tailing ponds associated 
with old inactive hard-rock mines. The com- 
panies have an estimated 45,000-ton-per- 
year capacity that is seldom achieved. The 
low-fluorine soft rock was sold in the animal 
feed supplement market. 

In North Carolina, Texasgulf Chemicals 
Co. a subsidiary of Société National EIf 
Aquitaine, operated the Lee Creek Mine 
and an extensive fertilizer complex near 
Aurora, NC. Hydraulic dredges were used 
to remove the upper level of overburden, 
and draglines were used to remove the 
remaining overburden and the phosphate 
matrix. North Carolina Phosphate Corp., an 
Agrico mining company, deferred plans to 
begin mining phosphate rock in eastern 
North Carolina until the economics become 
more favorable. Agrico created two 50-50 
partnerships, one with Francaise de l'Azote 
for 19% of the North Carolina mine and the 
other with Azienda Nazionale Idrogena- 
zione Combustible S.p.A., an Italian state- 
owned company, for 21.6% of the mine. 

In central Florida, Agrico operated the 
Fort Green, Payne Creek, and Saddle Creek 
Mines. Most of the phosphate rock was 
obtained from the Fort Green Mine; the 
Payne Creek Mine was idled, and only a 
small tonnage was recovered from the Sad- 


dle Creek Mine. Agrico planned to develop a 
mine in North Carolina to replace depleted 
mines in Florida. 

Amax Chemical operated the Big Four 
Mine in Hillsborough County at less than 
capacity. This mine, depending on mining 
rates, was expected to be depleted by the 
end of the decade. Amax Chemical indicat- 
ed that it might develop its Pine Level 
property in De Soto and Manatee Counties 
when the Big Four Mine closes if demand 
and rock prices justify the investment. 

Beker operated the only phosphate mine 
in Manatee County, FL. The Wingate Creek 
Mine operated near its rated capacity of 0.8 
million tons per year. Production was truck- 
ed to the port and barged to Beker's wet- 
process phosphoric acid and diammonium 
phosphate plant in Taft, LA. 

Brewster Phosphates, a partnership of 
American Cyanamid Co., 75%, and Kerr- 
McGee Corp., 25%, operated the Hay- 
nesworth and Lonesome Mines in Polk and 
Hillsborough Counties, respectively. The 
Haynesworth Mine was scheduled to de- 
plete its reserves near the end of the 1980's, 
and the Lonesome Mine was scheduled to 
increase capacity, with available Hay- 
nesworth equipment, and mine out prior to 
2000. 

CF Industries purchased phosphate rock 
reserves in north Hardee County in 1975 
and began mining the “North Pasture” part 
of the reserve in 1979. The capacity of the 
North Pasture Mine was about 1 million 
tons per year. Production was shipped to CF 
Industries Plant City chemical plant in 
1988, while the Bartow plant was supplied 
by IMC. It was uncertain if CF Industries 
will exercise an option to open a permitted 
mine on the “South Pasture." 

Estech operated the Silver City and Wat- 
son Mines, in Polk County, FL, which were 
scheduled to mine out in 1987 and the 1989- 
91 period, respectively. Zen-Noh/ Mitsubishi 


of Japan purchased 70% of the Watson 


Mine production until mine out. Estech 
with Zen-Noh attempted unsuccessfully to 
obtain permits to mine the Duette deposit 
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in Manatee County. 

Farmland Industries Inc. purchased phos- 
phate rock for its phosphate chemical plant 
at Green Bay, FL. Plans for a phosphate 
rock mine on a deposit near Ona, FL, were 
canceled because of costs and market condi- 
tions. 

Gardinier operated the Fort Meade Mine 
and shipped phosphate rock to its phos- 
phate chemical complex at East Tampa, FL. 
The mine was expected to continue to oper- 
ate within its capacity of 2.4 million tons 
per year until the mid-1990's. 

W. R. Grace was expected to mine out the 


Bonny Lake Mine in early 1984, to continue - 


producing from the Hookers Prairie Mine 
through the late 1990's, and to start up its 
Four Corners venture with IMC in early 
1985. 

IMC, the largest privately owned phos- 
phate rock mining company in the world, 
operated the Clear Springs, Kingsford, and 
Noralyn/Phosphoria Mines in central Flori- 
da. It is expected to receive its share of 
future production from the Four Corners 
Mine, a joint venture with W. R. Grace. The 
Noralyn/Phosphoria Mine could be the first 
IMC mine to mine out, and IMC was ex- 
pected to invest in a replacement mine in 
Hardee or Hillsborough County, where the 
company owns property, to maintain its 
1983 capacity. 

Mobil Chemical operated phosphate rock 
mines at Fort Meade and Nichols, FL. The 
mines were scheduled to be depleted, de- 
pending on mining rates, during the latter 
part of the 1980's. Mobil Chemical planned 
to replace mines by developing a reserve at 
South Fort Meade to maintain its 1983 
capacity of about 4.5 million tons per year. 

USS Agri-Chemicals and Freeport Phos- 
phate Rock Co. stopped production at their 
Rockland/Little Payne Mine in May 1982 
because of high mining costs and low phos- 
phate rock prices. Plans to restart the mine 
remained uncertain although the reserve 
base is substantial. 

Occidental was the only company mining 
phosphate rock in north Florida and had 
sufficient reserves to operate the Swift 
Creek and Suwannee River Mines for the 
balance of the 20th century. The mines 
were operated mainly to produce superphos- 
. phoric acid to meet Occidental's contractual 

commitment to supply highly concentrated 
superphosphoric acid to the U.S.S.R. 

Tennessee.—All of the phosphate rock 
mined in Tennessee by Occidental, Monsan- 
to Co., and Stauffer Chemical Co. was used 
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to produce elemental phosphorus in electric 
furnaces. In June, Monsanto mined out the 
Gilbert pit in Alabama that was supplying 
phosphate rock to Monsanto's electric fur- 
naces in Tennessee. Stauffer and Monsanto 
appeared to have sufficient reserves to con- 
tinue mining throughout the 20th century, 
but Occidental, depending on mining rates, 
was expected to mine out as early as 1995. 
Both Monsanto and Stauffer had similar 
electric-furnace operations in the Western 
United States. Because of lower power costs 
in the West, Tennessee furnaces were at 
times operated only to make up the differ- 
ence between Western production and over- 
all demand. Tennessee elemental phosphate 
producers, with the exception of Occidental, 
have furnaces in the Western United 
States. 

Western  States.—Western phosphate 
rock was mined in two grade ranges, 24% to 
28% phosphorus pentoxide (P;O;) phosphate 
rock for elemental phosphorus production 
and 30% to 33% P.O; phosphate rock for 
wet-process phosphoric acid production. 
Low-grade shale was mined and used direct- 
ly in Monsanto, FMC Corp., and Stauffer 
electric furnaces. As a general rule, the 
phosphate rock mined in the Western 
States was consumed in equal quantities in . 
furnaces and wet-process acid plants. 

The Conda Partnership, a 50-50 associa- 
tion between Beker and Western Coopera- 
tive Fertilizers Ltd., Canada, mined phos- 
phate rock from various properties known 
as Maybie Canyon, Champ, Mount Fuel, 
North Dry Ridge, and Husky. The partner- 
ship includes phosphate rock reserves and a 
beneficiation plant at Conda, ID. Beker's 
share of the mined rock was used in the 
adjacent fertilizer complex at Conda, while 
Western Cooperative's share was shipped to 
plants in Alberta, Canada. 

Monsanto obtained phosphate rock for its 
electric furnaces from the Henry Mine. The 
phosphate ore was trucked from the mine to 
electric furnaces at Soda Springs, ID. Mine 
capacity was about 0.9 million tons per 
year. 

Stauffer operated the Wooley Valley 
Mine northeast of Soda Springs, ID, and 
shipped the rock to the two-electric-furnace 
plant at Silver Bow, MT. The Wooley Valley 
Mine was projected to mine out about 1990. 

Chevron Resources Co. deferred plans to 
expand its Vernal phosphate rock mine and 
planned fertilizer complex near Rock 
Springs, WY. The phosphate concentrates 
were shipped by truck to Phoston, UT. 
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J. R. Simplot Co. operated the Gay Mine 
on the Fort Hall Indian Reservation to 
supply acid-grade phosphate rock to its 
fertilizer complex at Pocatello, ID, and 
furnace-grade phosphate rock to FMC’s 
electric furnaces west of Pocatello. Simplot 
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obtained the balance of its phosphate rock 
requirement from the Woodall Peak Mine 
that was scheduled to close or reduce pro- 
duction in 1984. The Smokey Canyon Mine 
was scheduled to replace Woodall Peak in 
1984. 


Table 2.—Production of phosphate rock in the United States, by State 


(Thousand metric tons and thousand dollars) 


Mine production mee Be d SEN Marketable production 
P205 P205 P205 P205 
Rock content Rock content Rock content Rock content Value 
1982: 
Florida and North 
Carolina `. 98,045 11,988 4,362 1,304 27,357 8,594 31,724 9,897 820,849 
Tennessee... 1,597 324 oe SN 897 229 897 229 11,596 
Western States! ____ 4,493 1,116 2,231 592 2,561 785 4,793 1,377 117.881 
Total?________ 104,135 13,428 6,594 1,896 30,815 9,608 37,414 11,504 950,326 
83: 
Florida and North 
Carolina _______ 117,192 15,077 2,388 7171 33,572 10,495 35,960 11,212 842,926 
Tennessee________ 2,217 898 a Se 1,193 307 1,193 307 28,879 
Western States! |... 6,281 1,584 2,531 665 2,888 904 5,419 1,569 149,096 
Total? 125,691 17,559 4920 1,882 37,653 11,706 42,573 13,088 1,020,901 
1Includes Alabama, Idaho, Montana, and Utah. 
2Data may not add to totals shown because of independent rounding. 
CONSUMPTION AND USES 


Domestic consumption of marketable 
phosphate rock increased 21%, to near the 
1981 level. 

Trends in the percent distribution by 
grade of marketable phosphate rock con- 
sumed in the United States and sold in the 
export market tabulated in this report are 


somewhat disguised because of the mix of 
furnace and wet-process phosphoric acid- 


phosphate rock feed in the total distribution 
pattern. 


Table 3.—U.S. phosphate rock grade 


distribution pattern 


Grade (percent Distribution (percent) 

BPL? content) 1979 1980 1981 1982 1983 
Less than 60 ___ __ 54 53 56 49 80 
60 to 66 _________ 142 157 157 156 146 
66 to 70 -------- 563 56.7 60.1 638 60.6 
701012... 5 - 136 127 96 58 83 
12to4 |... 66 60 60 61 55 
Over 74 L 39 36 30 38 30 


11.0% BPL (bone phosphate of lime or tricalcium phos- 
phate) — 0.45896 P305. 


Table 4.—Florida and North Carolina 
phosphate rock grade distribution pattern 


Grade (percent Distribution (percent) 
BPL'content) ` 1979 1980 1981 1982 1983 
Less than 60 ____ - 02 01 °02 06 33 
0to66 126 15.3 144 122 130 
66to70 _______- 624 622 67.0 685 642 
70 to 72 1 127 112 77 69 96 
12to14 T6 TO 71 #72 64 
Over 14 46 42 36 45 35 


11.0% BPL (bone phosphate of lime or tricalcium phos- 
phate)=0.458% P20s. 


All of the rock produced in Tennessee was 
used in electric furnaces to produce elemen- 
tal phosphorus and industrial chemicals. 
Most of the phosphorus was converted into 
intermediate phosphoric acid, the base for a 
large number of sodium, calcium, and potas- 
sium chemicals. 
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Table 5.—Tennessee phosphate rock grade 
distribution pattern 


Grade (percent Distribution (percent) 

BPL' content) 1979 1980 1981 1982 1983 
Less than 60 _____ 603 753 50.6 38.0° 894 
60to66________ 310 247 494 620 106 


66to70 ________ 2.7 ae E co E 


11.0% BPL (bone phosphate of lime or tricalcium phos- 
phate)= 0.458% P205. 


Of marketable phosphate rock sold or 
used in the Western States, 82% was con- 
sumed in the United States, and 18% was 
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exported to Canada. 


Table 6.—Western States phosphate rock ` 
grade distribution pattern 


Grade (percent Distribution (percent) 

BPL* content) 1979 1980 1981 1982 1983 
Less than gn... 27.4 27.7 314 27.2 25.2 
60 to 66 ________ 189 165 160 294 27.5 
66to 70 ________ 268 27.7 285 434 47.3 
1010122 5 265 281 241 __  _- 
72t0 74 |... Hc E M me 


11.0% BPL (bone phosphate of lime or tricalcium phos- 
phate) — 0.45896 P205. 


Table 7.—Phosphate rock sold or used by producers in the United States, by use 


(Thousand metric tons) 


Domestic:! 


Wet-process phosphoric acid |... 
Normal superphosphate __________________-_~_ 
Triple superphosphate _____________________ 
Defluorinated rock iio 
Direct applications ____________________-_ _ 
Elemental phosphorus ` ooo o 
Ferrophosphorus- --------------------————- 


1Includes rock converted to products and exported. 


1982 1983 
P205 P205 

Rock content Rock content 
E 24,223 7,423 30,354 9,275 
SE BE 100 33 194 63 
ICAA 876 280 677 213 
MN ERR 184 67 68 24 
MEM E 61 19 184 62 
CE 3,259 847 3,321 851 
pom 25 7 32 9 
EE 228,729 8,676 34,830 10,497 
MIT M E 9,842 3,138 12,010 3,839 
OC 38,571 11,814 246,839 14,336 


2Data do not add to total shown because of independent rounding. 


3Exports reported to the Bureau of Mines by companies. 


Table 8.—Phosphate rock sold or used by producers in the United States, by grade and 
State in 1983 


(Thousand metric tons and thousand dollars) 


Florida and North Carolina Tennessee 
Grade (percent BPL! content) P20; P205 
Rock content Value Rock content Value 
Below 60 ____________________ 1,335 339 35,965 1,061 271 26,007 
6010/60 ee ee aa 5,239 1,514 131,138 126 36 2,928 
60 to EE 25,192 7,988 566,209 e Se Se 
TOOL Eet E ee tas aia us 3,870 1,261 96,081 Sé DR S 
12 1014. Ee 2,586 868 66,179 = NOM un 
Plus ME 1,401 485 48,937 D SS Se 
Tota l — entes 40,223 12,456 944,509 1,187 3071 28,935 
Western States Total United States 
P205 P205 
Rock content Value Rock content Value 
Below 60 ____________________ 1,366 334 18,522 3,762 944 80,494 
60to66 _____________________ 1,495 427 28,839 6,860 1,977 162,905 
66 to 70 EE 2,567 813 102,159 28,359 8,801 668,368 
TOTO: T2 oao a e I io EE ee ES mE UM 3,870 1,261 96,081 
TOTO WEE EE Eer m SEN 2,586 868 66,179 
Plüs 44. .— a a enar cts SR Se ae 1,401 485 48,937 
Total e e a a e 5,428 1,573 149,520 46,839 14,336 1,122,966 


11.0% BPL (bone phosphate of lime or tricalcium phosphate)= 0.458% P205. 


2Data may not add to totals shown because of independent rounding. 
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Table 9.—Phosphate rock sold or used by producers, by use and State 


(Thousand metric tons) 
Florida and Total! 
U North Carolina Tennessee Western States United States 
8e [E], n 'aP FST EES EE E E E E E EE EERO 
Bai) Bai) P20 P20 
Rock content Rock content ` Bock — content ` ROCK content 
1982: 
Domestic:? 
Agricultural______-_ 23,544 7,236 Se EE 1,901 586 25,444 7,822 
ndustrial ________ 106 32 960 248 2,219 575 3,284 854 
Total ________ 23,650 7,268 960 248 4,120 1,161 28,728 8,676 
Exports) |... 2... 9,156 2,924 ue TÉ 687 214 9,842 3,188 
Total? 32,806 10,192 960 248 4,807 1,875 88,571 11,814 
1983: 
Domestic:? 
Agricultural. ____._- 29,178 8,918 EMEN 2E 2,297 719 31,476 9,637 
Industrial -------- ENS s 1,187 807 2,167 558 3,354 860 
Total ` 29,178 8,918 1,187 307 4,464 1,272 34,830 10,497 
Esportg --- 11,045 3,588 as he 964 801 12,010 8,839 
Total! _______ 40,228 12456 1,187 807 5428 1,78 46,889 14,936 


1Data may not add to totals shown because of independent rounding. 
“Includes rock converted to products and exported. 
3 Exports reported to the Bureau of Mines by companies. 


Table 10.— Florida and North Carolina Table 11.—Tennessee phosphate rock sold 


phosphate rock sold or used by producers or used by producers 
P20 IEEE O eS 
TCR. content a end content "EIFE, T 
Year sand ous Total Year sand ub Total 
eh ée Zi per ton metric ie 
tons) ` tons) ` Wi tons) — tons) ` Pi 
1979 ___ 45,459 14,189 $935,127 $2057 1979 ____ 2,140 545 . $17,008 $7.95 
1980 ____ 47,171 14690 1,108,991 23.51 1980 ____ 1,665 432 13,330 8.01 
1981 ___ 88,458 11,935 1,064,459 27.68 1981 ____ 1,379 357 17,401 12.62 
1982 ____ 32806 10,192 850,794 2593 1982 ____ 960 248 12,972 13.51 
1983 ____ 40,223 12,456 944,509 23.48 1983 ____ 1,187 307 28,935 24.38 


Table 12.—Western States phosphate rock 
sold or used by producers 


P20 
(thou: content ——— —— 
Year sand ou- Total 
metrio meto Chow “Ger ton 
tons) tons) SE 

1979 ____ 5,439 1,585 $110,837 $20.38 
1980 ____ 5,718 1,681 ; 21.06 
1981 ____ 5,672 1,644 130,194 22.95 
1982 ____ 4,807 1,375 119,699 24.90 


1983 ____ 5,428 1,578 149,520 27.55 
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STOCKS 


Inventories of marketable phosphate rock 
are reported to the Bureau of Mines by 
producing companies on a monthly and 
semiannual basis. The monthly reports en- 
able the Bureau to publish stock trends in 
its monthly Phosphate Rock Mineral Indus- 
try Surveys (MIS). The semiannual reports 
provide the data for stock levels reported in 


the annual MIS, crop year MIS, and the 
Minerals Yearbook. 

An abrupt increase in stock levels had 
occurred when, in 1981, demand dropped 
and production was maintained. Invento- 


ries were returned to a more normal level 


in 1983 by closing mines for various lengths 
of time. 


Table 13.—Marketable phosphate rock 
yearend stocks 


(Million metric tons) 

Year Quantity 
tu AAA A EE 5.8 
Kr e SEENEN 9.9 
19718 une cA a ie 15.2 
E! ro EE ete eee 13.7 
I9 TB AAA ET 15.7 
Ku WEE 14.5 
E A O EEN 13.8 
O ee 20.2 
1082 or EEN 18.8 
INS. 0l ta e 14.6 

PRICES 


Phosphate rock is sold under contracts 
negotiated between buyers and sellers. Al- 
though list prices have been published on 
occasion by the Florida Phosphate Rock 
Export Association, Tampa, FL, and the 
Moroccan Office Cherifien des Phosphates, 
Casablanca, Morocco, actual contract prices 


negotiated between buyers and sellers are 
not published. 

The weighted average prices or values, 
f.o.b. mine, for each grade of phosphate rock 
and for each State are calculated by the 
Bureau of Mines from a semiannual survey 
of the producing mines. 


Table 14.— Phosphate rock estimated export prices! per metric ton, unground, f.o.b. 
vessel Tampa Range or Jacksonville, FL 


Grade (percent BPL? content) 


NA Not available. 


1980? 1981* 19825 1983$ 
"T $44.00 $43.00 $34.00 $35.00 
Sa 40.00 36.00 27.00 30.00 
oe 36.00 30.50 23.50 28.00 
SEN 34.00 30.00 23.00 27.00 
mE 34.00 NA NA NA 


1Prices include severance taxes, rail freight costs from mine to port, and port loading and weighing charges. 
21.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% P2Os. 


3Estimated selling price including $1.54 severance tax. 
‘Estimated selling price including $1.84 severance tax. 
5Estimated selling price including $2.03 severance tax. 
SEstimated selling price including $2.25 severance tax. 
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Table 15.—Moroccan phosphate rock 
export prices, U.S. dollars per metric ton, 
Las, Safi or Casablanca‘ 


Grade 

percent 

BPL! con- 1980 1981 1982 1983 

tent) 

Khouribga: 
T6to77 _ 56.00 58.00 50.00 45.00 
15to"6 _ 54.00 on noe Gees 
72to73 _ 52.00 E d T 
70to71 _ 48.50 52.00 42.00 35.00 

Youssoufia: 
68to69 _ 45.50 44.00 38.00 29.00 
74to'"5 . 53.00 56.00 41.00 41.00 

*Estimated. 


11.0% BPL (bone phosphate of lime or tricalcium phos- 
phate)— 0.45895 P2Os. 


Table 16.— Price or value of Florida and North Carolina phosphate rock 
. (Dollars per metric ton, f.o.b. mine) 


1982 1983 
Grad t BPL! content 
rade (percen content) Domes- AA Domes- Export 
Less than pit. ee a je 28.58 Da 28.58 35.28 34.70 
601000 AAA AA 29.23 26.60 28.40 20.99 25.59 
6601040 lem eoa e c a Lp eL E 23.25 28.33 24.15 21.12 23.93 
101012 oe ace mue A Et 31.59 29.54 30.61 21.33 25.91 
Té tO E EE 29.74 29.69 20.70 24.97 25.19 
Over To o ws a Se ned 34.11 32.45 33.11 26.94 EN 
TEE 24.78 28.92 25.93 22.64 25.70 
11.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% P2Os. 
Table 17.—Price or value of Western States phosphate rock 
(Dollars per metric ton, f.o.b. mine) 
1982 1983 


Grade (percent BPL! content) 


ond Export Average uud Export 


Less than 00. 2222 ote E 11.61 ae 11.61 36.99 46.29 
O00 EE 14.22 41.83 16.82 16.24 40.14 
AA eie eL tee ee 37.47 42.05 38.68 13.56 . Bc 

Fr D MT ————m 22.05 42.00 24.90 23.16 45.07 


11.0% BPL (bone phosphate of lime or tricalcium phosphate) — 0.458% Date. 


Table 18.—Price or value of Tennessee 
phosphate rock 


(Dollars per metric ton, f.o.b. mine) 


Grade (percent BPL! content) 1982 1983 

Less than oU. 8.30 23.15 
60t0:50- EE 16.71 24.52 
Average __________________ 13.51 2437 


11.0% BPL (bone phosphate of lime or tricalcium phos- 
phate) — 0.45896 P205. 


Average 


39.80 
19.28 
13.56 


27.54 
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Table 19.—Price or value of U.S. phosphate rock 
(Dollars per metric ton, f.o.b. mine) 


1982 1983 
Grad t BPL! content) 
dali SC geng Export Average ra Export Average 
Less than 60 _________o ooo iii iio 12.72 a 12.72 35.28 34.70 34.92 
OO a Paracas fa ea eo ae, 23.48 28.04 24.53 25.59 25.59 25.59 
66 t0 (0 c as ee EL. 24.33 30.00 25.38 27.12 23.93 24.83 
MOTO xe Le eae E 31.59 29.54 30.61 22.53 28.53 23.57 
CAE Fhe E ed lod IN Sc 29.74 29.69 29.70 22.76 26.97 23.74 
Over (d oer a ee ee ee. 34.11 32.45 33.11 21.40 a 21.40 
Averägë TL Lo runc e 24.01 29.83 25.50 22.84 21.26 23.97 


11.0% BPL (bone phosphate of lime or tricalcium phosphate) = 0.458% P2Os. 


FOREIGN TRADE 


The decline in phosphate rock exports 
since 1980 was reversed in 1983. The rever- 
sal was attributed to recovery from a world 
recession with improved demand from the 
agricultural sector of the world economy. 
World trade in phosphate rock was expected 
to recede as new phosphoric acid capacity 
under construction in African and Mideast- 
ern countries is placed in operation. In- 
creased supplies of phosphoric acid were 
expected to replace phosphate rock in inter- 
national trade. 

The competitive position of the export- 
oriented Florida phosphate rock industry 
has weakened as the rail freight, loading, 
and weighing costs of moving phosphate 


rock from mine to vessel have more than 
doubled since 1975. The severance tax as- 
sessed by the State of Florida has also 
increased in recent years. 

The quantities of phosphate rock import- 
ed into the United States in 1983, as report- 
ed by the Bureau of the Census, are shown 
in the following tabulation: 


Country 


Table 20.—U.S. exports of phosphate rock, by country 


(Thousand metric tons and thousand dollars) 


Country 


Australia 
Austria 


Brazil 


a æ e æ e — e m em re e em ` zm e X 


Netherlands 


New Zealand. ot a a a cuum ee et te 


Norwa 
Philippines 


1 All values f.a.s. (free alongside ship). 


eee aii a ei ei ee —À — — 


of origin Metric tons 
Isrüel-- Eet ee ee 83 
Mero EE ey peo cts 15 
Netherlands Antilles ______________ 8,559 
South Africa, Republic of- - ---------—- 39 
Total... Ee ee 8,696 
1982 1983 
Quantity Value! Quantity Value! 
203 6,958 338 10,226 
109 5,088 207 7,502 
451 16,902 505 15,850 
85 3,466 T" Bue 
2,334 91,847 2,762 101,305 
120 5,038 106 3,520 
672 24,627 843 26,384 
NES 596 22,916 770 24,262 
256 9,678 305 14,755 
115 4,083 224 6,766 
1,132 49,724 1,528 63,110 
1,549 57,958 1,516 52,139 
396 20,106 370 11,109 
672 23,833 974 27,915 
79 2,811 90 3,492 
15 633 46 1,951 
49 2,394 80 3,083 
432 15,712 769 22,181 
125 5,225 317 11,492 
102 4,108 159 6,117 
42 1,803 29 1,022 
52 2,229 122 4,288 
148 6,415 137 4,892 
29 735 383,554 12,197 423,361 


2Data do not add to total shown because of independent rounding. 


Source: U.S. Bureau of the Census. 
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Table 21.—U.S. exports of superphosphates, more than 40% P.O, by country 


(Thousand metric tons and thousand dollars) 


1982 1983 
Country O —————M—— 
Quantity Value! Quantity Value! 
Argentis =<. sas o 10 1,472 6 830 
SE EE 52 6,958 34 4,291 
TEE ee A A A E e La EE 50 6,919 Ls 
Bula ceca a ee 86 11,264 90 10,612 
¡E AI A A A 30 4,627 ES 
ECHT TEEN 50 6,953 89 14,607 
1 EH 35 5,120 96 11,956 
RE, 48 6,198 281 35,175 
Colombia == ==. ee ee li 12 1,997 18 3,625 
Costa Rica... eee ee ld ee le 7 9 8 1,214 
Dominican Republic: ----------------------------- 6 1,117 9 1,736 
BrühoÓ-n-2- cm cce ume snm CL ues 32 1,933 30 4,087 
Germany, Federal Republic of- - - - - - - - - --------------- 99 13,388 100 13,830 
Hüngary acia a a a 15 2,099 21 2,704 
A IA AAA A E ee 130 19,960 57 8,432 
Ireland AAA ee 16 2,150 23 ,887 
OY oa a as es A LE "e sues T 955 
Japan. 20222 a eel a 31 5,092 30 4,081 
¡CEA AA A A MEE d eee 12 1,780 12 1,566 
A A A 30 4,020 5 
WI TT EE 5 739 1 205 
MVenezuelü- a rs ad E See 17 4,077 1 877 
OU, 22.50 aa ud ege 840 48,451 216 40,902 
Total a See ee eee cL EL 21,112 157,262 1,194 164,670 


1 All values f.a.s. (free alongside ship). 
2Data do not add to total shown because of independent rounding. 


Source: U.S. Bureau of the Census. 


Table 22.—U.S. exports of superphosphates, less than 40% P,O,, by country 


1982 1988 
Country Quantity Value! Quantity Value! 
(metric (metric 
tons) (thousands) tons) (thousands) 
Canada saber uuu reed to ces uma et re 34,258 $738 65,838 $1,445 
Othër == is en car EE 2,110 140 772 62 
o AA SCORE E EE 36,368 878 68,610 1,507 


1All values f.a.s. (free alongside ship). 


Source: U.S. Bureau of the Census. 
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Table 23.—U.S. exports of diammonium phosphates, by country 


(Thousand metric tons and thousand dollars) 


1982 


Count 
Ké Quantity 

Argentijüc- cauce ecu uti. e d a a et 19 
Australa sure coi E Ec Is eS M Ou st ee a oe 116 
Bangladesh =- ccs ot a Ec EE 42 
Belgium-Luxembourg. - - - - --------------------—————- 418 
Brazil EE 88 
Canada EH 117 
CV Gs eee iaa io eo le a ot 
China re IAEA lh ee C ie E 458 
Colombia EE eer ha 52 
Costa Ricas... unio eu ea I Lu te, RA Ne es 20 
Dominican Republic- - - -- ---------------------—-———— 28 
¡A AAA AI 23 
Ethiopia =>: o ee ees 45 
Fronces ox aa NA ee i E 31 
Germany, Federal Republic of___________ PET is et aOR RENE E 36 
RRE TN TEE EEN 2 
lidi EE 182 
Ireland A AI IN AA 43 
AAA A AA 178 
DT A E A eh oe 304 
MEXICO EE e a ah 238 
Netherlands: -zs 14 ds e a a bo 72 
New Zealand EEN 36 
MücHfagud. uL e ds co LU fM 13 
Pakistan... ah cos is ee ey o e 319 
33 AA AAA 24 

äilañd- A a apd te A E A NN 45 
Turkey EP EET x 
LR TEE 36 
bá dC EE 94 
Other oe Et LAU e n tos ert EE EE ACE 558 

AA A E 3,707 


1 All values f.a.s. (free alongside ship). 
2Data may not add to totals shown because of independent rounding. 


Source: U.S. Bureau of the Census. 


Table 24.—U.S. exports of phosphoric acid, 
less than 65% PO, by country 


(Thousand metric tons and thousand dollars) 


E 1982 1983 
untry 1 En 
"Y "Quantity Value! Quantity Value! Country 
Brazil |... 41 9,897 See ore : 
Canada ___ 1 165 1 a 
Colombia - — 10 2,534 6 1162 WsSsR .. 
rmany, EE 
GE 7 827 it 
public of. _ rs ET 1, 
India_____ 264 55,889 154 30.203 Total -. - 
Indonesia `. _ 64 18,620 109 28,368 
Mexico _ _ _ - 60 10,857 (2) 2 
Turkey- iA 29 7,209 54 13,459 
U.S.S.R ___ ee Ge 9 2,925 
Venezuela _ 55 12,575 37 6,865 
Other ____ (2) 38 (2) 44 
Total ` _ 530 3117785 377 84,979 
1 All values f.a.s. (free alongside ship). 
2Less than 1/2 unit. 
3Data do not add to total shown because of independent 
rounding. | 


Source: U.S. Bureau of the Census. 


Value! 


18,167 
103,772 


678,685 


1982 
Quantity Value! 


, 


289,296 


Source: U.S. Bureau of the Census. 


1983 


Quantity 


677 


Value! 


18,106 


114,214 


729,233 


Table 25.—U.S. exports of phosphoric acid, 
more than 65% P.Os, by country 


(Thousand metric tons and thousand dollars) 


1983 


Quantity Value? 


39 
730 
73 


842 


1A1] values f.a.s. (free alongside ship). 


8,680 
214,810 
13,677 


237,167 
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Table 26.—U.S. exports of elemental phosphorus, by country 


1982 1983 
Count Quantity 1 Quantity 1 
a (metric ari ds (metric E 

Argentina: ¡ne cl buie Le b uude DN CI ee 20 $38 (?) $2 
Belg. oe o ee fe ae ett e e 186 291 17 53 
¡E ec eet ae ge EE 5,749 10,153 7,438 13,347 
Canadá ns a sd be re La 1,125 1,315 1,264 1,441 
China. A IA E Kaes BE 3,000 3,798 
FEY A A A 6,855 11,167 8,985 13,926 
Korea, Republic of emunt mer ee 730 761 1,051 
MEXICO: EE 6 396 41 
TaIWBh c ulli A ott 175 299 168 232 
Other «ulmi a in oa et Mele EE 195 736 97 219 

Total Ei e a e 15,084 25,125 21,752 34,116 


1 All values f.a.s. (free alongside ship). 
2Less than 1/2 unit. 


Source: U.S. Bureau of the Census. 


Table 27.—U.S. imports for consumption of phosphate rock and phosphatic materials 
(Thousand metric tons and thousand dollars) 


E 1982 1988 
ertilizer 
Quantity Value? Quantity Value! 

Phosphates, crude and apatite _________________-_-- (?) 1,302 9 376 
Phosphatic fertilizers and fertilizer materials |... 8 1,672 36 3,622 
Dicalcium phosphate- - - - - -------------------—-——- (?) 853 CH 676 
Phosphorus muii ae a CH 1,017 2 3,410 
Phosphoric acid - - -—----------------------—-—- 5 l, 9 2,930 

osphoric acid, fertilizer grade __ — ~- - - - - - - - - - - - - - - —— 14 1,143 (?) 686 
Normal superphosphate - - - - -- -- --------------—-——- 11 2,198 211 
Triple superphosphate -~ - - -- ---- ---------------——- 11 1,434 9 1,272 

1Declared customs valuation. 

?Less than 1/2 unit. 


Source: U.S. Bureau of the Census. 


WORLD REVIEW 


World phosphate rock production increas- 
ed by approximately 1096 to an estimated 
185 million tons. The increase was attribut- 
ed to an improved world economy and, in 
the United States, to the impact of Govern- 
ment programs and inclement weather that 
reduced grain inventories and restored in- 
centives to use fertilizers in the 1988 crop 
year. 

In the United States, the phosphate min- 
ing industry deferred plans to increase 
phosphate rock capacity because the indus- 
try could not justify committing large 
amounts of high-cost capital to marginally 
profitable phosphate mines and because of 
problems in obtaining permits. 

A number of less developed countries 
(LDC) played an important role in world 
supply and demand for phosphate rock and 


phosphate fertilizer. The LDC were ex- 
panding phosphate rock mines and con- 
structing phosphoric acid plants as rapidly 
as possible to permit them to export high- 
value phosphate intermediates and finished 
fertilizer. Much of the expansion in LDC 
with phosphate rock resources was subsidiz- 
ed by the LDC governments with loans from 
the International Monetary Fund and other 
world financial organizations. The expan- 
sions were frequently begun without an 
adequate assessment of the economics of 
production, the impact on world markets, 
and the continuing problem of oversupply of 
phosphate rock in the world. 

Algeria.—The Société Nationale de Re- 
cherches et d'Exploitations Miniéres pro- 
duced phosphate rock from the Djebel Onk 
Mine, the only mine operating in Algeria 
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since the Kouif Mine was closed. The capac- 
ity of the Djebel Onk Mine was about 0.5 
million tons per year of 34% to 35% P40, 
calcined-washed-dried phosphate rock and 
1.8 million tons per year of 29% P.O; 
phosphate rock. 

Australia.—B. H. South Ltd. closed the 
Duchess Mine at yearend 1982 because it 
could not reach an agreement with Aus- 
tralian fertilizer producers on phosphate 
rock prices in 1982-83. The company contin- 
ued to ship from inventory in early 1983. In 
addition, a small quantity of phosphate rock 
was produced in South Australia. However, 
this rock was unsuitable for superphosphate 
manufacture because of its high iron and 
aluminum content and was used locally for 
direct application to the soil. 

An apatite-bearing carbonatite deposit, 
discovered several years ago near Laverton, 
Western Australia, was being evaluated. 

Brazil.—Phosphate rock was produced 
from mines at Araxa (ArafértiD, Araxa 
(Arafértil/Camig), Catalao (Fosfago), Catal- 
ao (GoíasfertiD, Cerrado, Jacupiranga (Ser- 
rana), Patos de Minas (Fosfértil), and Tapi- 
ra (Fosfértil). Total mine capacity in 1983 
was about 4 million tons. Phosphoric acid 
capacity was Copebras, 100,000 tons Px0;; 
Fosfértil, 296,100; ICC, 118,800; Quimbrasil, 
65,700; and Ultrafértil, 79,860. The total 
capacity of 660,000 tons P.O; per year made 
Brazil self-sufficient in 1983. 

China.—About two-thirds of the country's 
production was believed to come from rela- 
tively small mines in Yunnan, Guizhou, 
Sichuan, Hubei, and Shandong Provinces. 
The balance was obtained from small, local 
mines and was ground for direct application 
or used to manufacture single superphos- 
phate. The principal mines were Kunyang, 
38 kilometers south-southwest of Kunming 
City; Xiangfen, 58 kilometers northeast of 
Kunming; and Haikow, 35 kilometers south- 
west of Kunming City. ! 

Christmas Island.—Phosphate ore mined 
on this island was classified, in order of 
decreasing quality, as A, B, or C grade 
depending on the phosphate, iron, and alu- 
minum content. When all three grades are 
present in a mining location, C grade, the 
overburden fraction, overlies B grade, 
which in turn overlies A grade. Estimates of 
ore reserves were 9, 50, and 145 million tons 
of A, B, and C grades, respectively. Based on 
minable reserves and projected sales pat- 
terns, the mining operation was projected to 
continue 13 to 14 years. 

Egypt.—Phosphate rock mine capacity 
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was about 700,000 tons per year based on 
mining operations near Sebaiya, south of 
Luxor. A new Hamrawein Mine, 30 kilome- 
ters north of Quseir, became operational in 
1983. Another new mine being developed at 
Abu Sheigela was scheduled to operate in 
1985 to replace the mines at Safaga and 
Quseir. Of immediate interest, however, 
was the expansion of the Sebaiya West 
Mines from 120,000 to 440,000 tons per year 
in 1983. Only limited progress was made on 
developing the Abu Tartur phosphate proj- 
ect in the Western Desert where an experi- 
mental mine has been operating since 1980. 

Iraq.—Because the lIraqi-Iranian war 
closed the seaport of Khor-al-Zuber, it was 
not certain if the Iraqis were able to export 
production from their mining or chemical 
complexes in 1983. 

Israel.—Negev Phosphates Ltd. respond- 
ed to the recession in phosphate markets 
by stopping production of calcined phos- 
phates at Oron. It was the intent at Oron to 
produce a washed phosphate concentrate 
comparable to the Nahal Zin Mines' low- 
chloride, 70% to 72% bone phosphate of 
lime phosphate rock. The Arad Mine was 
developed as a replacement for the closed 
Makhtesh Mine. The estimated phosphate 
mining capacity at Arad of 3.5 million tons 
per year was expected to remain at this 
level for the next several years. 

Jordan.—Deliveries of domestic rock 
were made to the new phosphoric acid 
fertilizer plants at Aqaba. The 413,000-ton- 
per-year P,O, phosphoric acid plant could 
consume 1.3 million tons per year of high- 
grade phosphate rock. The El Hassa-El 
Abyad Mines had a capacity of 5.2 million 
tons per year. It was not clear, given 1983 
phosphate rock markets and prices, when 
the Jordan Phosphate Mines Co. would 
develop the Esh Shidiya deposit. Initial 
planning called for a mine startup in 1986, 
which might be deferred pending an im- 
provement in world demand. 

Mexico.—Production of phosphate rock 
from mines in the Sierra Madre Range has 
ranged from 0.15 to 0.30 million tons per 
year, and the product has been used domes- 
tically or shipped in small tonnages to the 
United States for animal feed supplements. 
The Mexican Government decided to devel- 
op the San Juan de la Costa deposits, and 
some production was achieved in 1981. Ca- 
pacity was 0.25 million tons in 1982 and 
about 0.7 million tons in 1983. The deposit 
on the Gulf of California was mined by both 
open pit bench and underground room-and- 
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pillar techniques. Dried rock was shipped to 
fertilizer plants at Guadalajara and Coatza- 
coalcos. The Santo Domingo phosphates are 
low-grade beach sands on the Pacific Coast. 
It had been planned to start this mine in 
1982 or 1983; however, financial problems 
delayed completion of the mine and benefi- 
ciation plant. 

Morocco.—The most recent significant 
event in the Moroccan phosphate industry 
was the start of construction of the massive 
chemical complex and port at Jorf Lasfar. 
Phosphate rock conversion capacity was 
scheduled to increase from 1 million tons 
P.O; per year in 1981 to 1.5 million tons in 
1985. As this capacity becomes available, 
larger tonnages of phosphate rock were 
expected to be consumed domestically to 
produce phosphate intermediates and fin- 
ished phosphate fertilizers for export. Phos- 
phate rock was mined from both under- 
ground and open pit mines in the Khourib- 
ga District, from Ben Guerir, from black 
and white phosphate rock deposits at Yous- 
soufia, and from Bu-Craa in the Western 
Sahara. Total phosphate rock capacity in 
1983 was about 24 million tons. 

Senegal.—Phosphate rock continued to 
be mined by Compagnie Senegalaise des 
Phosphates de Taiba at its Keur Mor Fall 
pit, an extension of the Taiba deposit. So- 
ciété Senegalaise des Phosphates de Thies 
continued to produce aluminum phosphates 
from the Thies deposit. Capacity was 0.6 
million tons per year. Although only 50,000 
tons per year of phosphate rock has been 
converted into fertilizers in Senegal, a new 
phosphoric acid plant was under construc- 
tion at Taiba. A 280,000-ton-per-year P.O; 
phosphoric acid plant and also ammonium 
phosphate and triple superphosphate plants 
were under construction at M’bao. 

South Africa, Republic of.—The princi- 
pal phosphate mine in the Republic of 
South Africa was at Phalaborwa, Transvaal 
Province. Palabora Mining Co. Ltd. (PMC) 
mined a foskorite-carbonatite pipe to recov- 
er copper, magnetite, and zirconium oxide. 
PMC delivered to the Phosphate Develop- 
ment Corp. Ltd. (Foskor) the foskorite por- 


tion of the mined ore and the apatite- . 


bearing tailings from copper ore concentra- 
tion. Foskor had the capacity to produce 3 
million to 3.2 million tons per year of plus 
36% P.O; concentrates from (1) pyroxenite 
ore, (2) foskorite mined by PMC, and (3) 
copper sulfide flotation tailings. Most of the 
phosphate rock produced was converted in- 
to phosphoric acid at Richards Bay. 
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Togo.—Phosphate rock was produced 
from the Hahotoe-K'pogame Mines with a 
1983 phosphate rock capacity of 3.2 million 
tons per year. The ore was shipped to a 
beneficiation plant at the Port of K'peme 
where it was washed with seawater, screen- 
ed, cycloned, and washed with freshwater. 
The phosphate rock was dried for export. 
A wet-process phosphoric acid plant at 
K'peme was planned, and the potential 
exists to recover additional product from 
the beneficiation plant tailings. 

Tunisia.—Most of Tunisia's phosphate 
rock production was in the Gafsa Basin 
where the mine of Kef Eschafaier and the 
beneficiation plants at Metlaoui, M'Dilla, 
Moulares, M'Rata, Redeyef, Sehib, and Sec- 
tor 100 had a total capacity of 6.1 million 
tons per year. The Kalaa Djerda Mine in 
the North Basin produced about 0.3 million 
tons per year. Gradual development of the 
Jellabia, Kef Eddour, and Oum el Kecheb 
Mines in the Gafsa Basin was scheduled for 
the balance of the 1980's. 

U.S.S.R.—The U.S.S.R., the world's sec- 
ond largest producer of phosphate rock, 
produced from mines in European Russia 
and Kazakhstan. The estimated total capac- 
ity was 30 million tons per year. European 
Russia apatite mines, Kirov, Yukspov, 
Rasvumchov, Tsentralny, Koashva, and 
Niorpakh on the Kola Peninsula, accounted 
for about 60% of the U.S.S.R. production. 
Eastern European sedimentary phosphate 
deposits mined at Kingisepp and Maardu 
together had a capacity of about 2 million 
tons per year of phosphate rock concen- 
trates. Additional mines in European Rus- 
sia, with combined capacity of as much as 
3.5 million tons per year, produced phos- 
phate rock for direct application. In Ra 
zakhstan, phosphate rock was mined in the 
Kara Tau foothills. The capacity of the 
mines was estimated to be about 6 million 
tons per year. The phosphate rock was 
smelted in electric furnaces, and the ele- 
mental phosphorus product was converted 
into phosphoric acid, feed phosphates, and 
other chemicals. In northern Kazakhstan, 
near Aktyubinsk, the Chilisaisk Mine was 
being developed to produce 1.5 million tons 
per year of concentrates. In Siberia, a phos- 
phate rock mine under construction at 
Oshurkov, on Lake Baikal, was scheduled to 
produce 1.5 million tons per year when 
completed. | 
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TECHNOLOGY 


Domestic and world studies of phosphate 
rock reserves and resources were made by 
the Bureau of Mines. Published in 1983 
were Information Circular (IC) 8937, Phos- 
phate Rock Availability—Domestic,* and IC 
8926, Minerals Availability Commodity Di- 
rectory on Phosphates.* IC 8926 includes 
nonconfidential information from the Phos- 
phate Minerals Availability Program data 
base, covering 148 domestic and 108 foreign 
phosphate deposits and properties. The ab- 
stracts on each deposit or property include 
data on location, published reserves and 
resources, geology, mine and beneficiation 
systems, and operating information. 

A publication, New Developments in Hy- 
draulic Borehole Mining of Phosphates, 
concluded that air borehole mining invited 
cavity roof failure whereas submerged min- 
ing was feasible if the cutting water jet was 
air shielded.5 Additional field trials by in- 
terested corporations were deferred until 
the industry recovers from the recent reces- 
sion. 

IC 8914, The Florida Phosphate Indus- 
trys Technological and Environmental 
Problems, A Review, describes the techno- 
logical ability of the industry to comply 
with environmental regulations and man- 


agement of the clay fraction separated dur- 
ing the beneficiation of phosphate ores.* 
Other issues of concern to the industry and 
reviewed in this circular are environ- 
mental-based restrictions and regulations 
that involve mining and reclamation of 
wetlands, reclamation of disturbed mined 
land, and water consumed in mining and 
beneficiating phosphate rock. 

IC 8932 reviews the costs and effects of 
environmental protection controls regulat- 
ing U.S. phosphate rock mining in 1983.7 


Physical scientist, Division of Industrial Minerals. 
3Balazik, R. 


F. Environmental Laws and tions. 


D 
Phosphate Rock Availability—Domestic. BuMines IC 8937, 
pp. 

4Spangenberg, D. R., E. F. Carey, and P. er sé 
Minerals Av. lity Commodity Directory on 
phates. BuMines IC 8926, 1983, 678 pp. 

*Savanick, G. A. New Developments i in Hydraulic Bore- 
hole of Phosphates. Paper in Phosphates: What 
Prospects ? (ind. Miner. Conf., Orlando, FL, 
Dec. 11-14, 1983). Ind. Miner., London, 1984, pp. 57-67. 

*Staff, Bureau of Mines, Tuscaloosa Research Center. 
The Florida oe Industry's Technological and Envi- 
— Problems, A Review. BuMines IC 8914, 1983, 42 


p. "Balazik, R. R. E es and Effects of Environmental 
Protection EECH poi S. Phosphate Rock Min- 
ing. BuMines Gas 3982 1 88, 37 pp 


Platinum-Group Metals 


By J. Roger Loebenstein! 


World mine production of platinum and 
palladium remained essentially unchanged 
in 1983 at 2.6 million troy ounces and 3.2 
million ounces, respectively. Demand for 
platinum in market economy countries 
decreased from 2.2 million ounces to 2.1 
million ounces, while demand for palladium 
in these countries increased from 2.6 mil- 
lion ounces to 2.9 million ounces. 

The Republic of South Africa remained 


the leading producer of platinum, and the 
U.S.S.R. remained the leading producer of 
palladium. 

Domestic Data Coverage.—Domestic pro- 
duction data for the platinum-group metals 
(PGM) are developed by the Bureau of 
Mines from a voluntary survey of US 
refiners. Of the 46 operations to which a 
survey request was sent, 63% responded, 
representing an estimated 96% of the total 


Table 1.—Salient platinum-group metals! statistics 
(Thousand troy ounces unless otherwise specified) 


1979 1980 1981 1982 1983 
United States: 
Mine production? __________________ 7 3 7 8 6 
MO srta thousand dollars. _ $1,288 $923 $1,571 $1,278 $1,133 
Refinery production: 
Primary refined |... 9 3 T 9 9 
Secondary: 
Nontoll-refined |... 309 331 392 1344 287 
Toll-refined. _______________ _ 1,090 1,079 1,191 868 995 
Total refined metal _________ 1,408 1,413 1,590 1,221 1,291 
Stocks, yearend: 
Industry (refined)... _ 761 973 918 1,107 943 
National Defense Stockpile: i 
Platinum. c aucune etas 493 453 453 453 453 
Palladium ----------------- 1,255 1,255 1,255 1,255 1,255 
IT, eec en 17 17 17 21 25 
Exports: 
Refined _____________________ 710 592 651 439 446 
KEE 900 165 863 T836 1,229 
Imports for consumption: 
fined AS 3,303 3,109 2,611 2,150 2,790 
Toul ii gh RE ais 3,479 3,502 2,850 2,494 3,218 
Imports, general... "AS 5,682 3,772 3,191 2,494 3,218 
Consumption (reported sales to industry) _ _ _ _ 2,756 2,206 1,921 71,873 1,914 
Consumption, apparent ______________ 3,011 2,639 2,413 1,872 2,800 
Net import reliance® as a percent of apparent 
consumption ___________________- 89 87 83 81 89 
Price, producer, average, per ounce: 
BUNUN oL neue ce es $352 $439 $475 $475 $475 
Palladium EE $113 $214 $130 $110 $130 
World: Mine production ---------------- 6,487 6,848 6,931 P6,431 “6,482 


“Estimated. Preliminary. "Revised. 


1The platinum group comprises six metals: Platinum, palladium, iridium, osmium, rhodium, and ruthenium. 


2Byproduct of copper refining. 


3Excludes 2,400 troy ounces purchased in 1983, but not yet added to inventory. 


*Includes both unwrought and semimanufactured. 


5Nontoll-refined production plus refined imports for consumption minus refined exports plus or minus changes in 


Government and industry stocks. 


Imports for consumption minus exports plus or minus changes in Government and industry stocks. 
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refined metal production shown in tables 1, 
2, and 9. Production of refined metal for the 
17 nonrespondents was estimated using re- 
ported prior year production levels. 

Legislation and Government Pro- 
grams.—The General Services Administra- 
tion purchased grade B (99.8% minimum) 
iridium for the National Defense Stockpile. 
Purchases totaled 4,200 ounces. 

The Federal Government sets the exhaust 
emission standards for U.S. automobiles 
and trucks. Currently, the technology for 
meeting these standards requires the use of 


PGM catalysts. The Environmental Protec- 
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tion Agency emission standards for light- 
duty trucks (8,500 pounds or less) for the 
1983 model year were established at 1.7 
grams per mile (gpm) hydrocarbons and 
18.0 gpm carbon monoxide. For the 1984 
model year, the standards were lowered to 
1.0 gpm hydrocarbons and 14.0 gpm carbon 
monoxide. Heavy-duty trucks (8,500 pounds 
or more) were required to meet a 1.5-gpm 
hydrocarbon standard for both 1983 and 
1984, while the carbon monoxide standard 
was eased from 15.5 gpm in 1983 to 24.8 gpm 
in 19842 


DOMESTIC PRODUCTION 


U.S. Metals Refining Co., ASARCO Incor- 
porated, and Kennecott produced platinum 
and palladium as a byproduct of copper 
refining. Secondary metal was refined by 
about 30 firms, mostly on the east and west 
coasts. Most PGM scrap was refined on a 
toll basis. The largest scrap processors in 
the United States were Engelhard Minerals 
and Chemicals Corp., Johnson Matthey Inc., 
and U.S. Metals. 

Mid-States Recycling Inc., Chicago, IL, 
was established in early 1983 as the succes- 
sor to the liquidated Simmons Refining Co. 
Mid-States refined all types of precious 
metals scrap.? 

Also early in the year, Leytess Metal and 
Chemical Corp, New York, NY; Platina 
Laboratories Inc., South Plainfield, NJ; and 
Gemini Industries Inc., Santa Ana, CA, 


announced an agreement to cooperate in 
precious metals marketing, manufacturing, 
and refining.* 

Refinemet International Co. of Woonsock- 
et, RI, sold all of its refining and fabricating 
plants, reportedly to provide the company 
with the funds needed to concentrate its 
efforts entirely on trading in precious 
metals.5 

Eastern Smelting and Refining Corp. of 
Lynn, MA, completed the construction of a 
new precious metals assay laboratory.* 

Stillwater PGM Resources, a joint ven- 
ture between Manville International Corp. 
and Chevron USA Inc. formed a joint 
venture with Anaconda Minerals Co. to 
explore and evaluate the Stillwater Com- 
plex in Montana.’ 


Table 2.—Platinum-group metals refined in the United States 


(Troy ounces) 
Year Platinum Palladium Iridium Osmium Rhodium Sue Total 
PRIMARY METAL 

Nontoll-refined: 
A EA AN 1,980 6,412 ee m SE Es 8,392 
1980 seep Sa a oct ne Ss 535 1,765 ae SE ee TR 2,300 
¡A A 1,005 4,602 ae ean AME ENT 5,607 
1982 —— eoo o nce 947 6,131 T) E -— EN 7,078 
1983 dl E 879 5,005 do El MS "v" 5,884 

Toll-refined: 
¡E AAA 56 420 ces "E S zu 416 
TOR e mt LED E 128 673 Se e EN "I 801 
RK AE 235 934 ane me m NM 1,169 
jl! | MACHEN T DERE SR 434 1,421 IS me EE EM 1,855 
KL clt cre zt 1,150 2,026 NE on. E ee 3,176 

SECONDARY METAL 

Nontoll-refined: 
I919 AA 15,038 220,639 1,647 ar 1,964 3,134 309,022 
¡AAA 154,075 162,408 3,186 13 10,106 1,135 330,923 
TOBY A 187,883 185,764 3,318 64 11,317 3,291 391,637 
AR er T190,249 T139,286 2,896 11,302 4 ™344,160 
1983 A eme 118,579 160,854 3,303 TM 3,663 150 287,149 


See footnote at end of table. 


Table 2.—Platinum-group metals refined in the United States —Continued 


Year 


SECONDARY METAL — 
Continued 


1982 TOTALS 


Total primary --__-__-._.-___ 
Total secondary __________~- 


1983 TOTALS 
Total primary 
Total secondary ___________ 


Grand total. 


"Revised. 


PLATINUM-GROUP METALS 


Platinum Palladium 


(Troy ounces) 


Iridium Osmium 


585,932 446,189 5,487 ae 
533,101 498,905 4,933 1,371 
520,717 607,397 7,826 1,865 
393,832 430,564 10,108 885 
433,700 456,732 5,820 925 
1,381 7,552 Sa = 
"584,081 "569,850 13,004 885 
585,462 "577,402 13,004 885 
2,029 7,031 Gg sa 
552,279 617,586 9,123 925 
554,308 624,617 9,123 925 
CONSUMPTION AND USES 


The principal domestic uses of PGM were 
in catalysts to control automobile exhaust 
emissions; in reforming catalysts to upgrade 
the octane rating of gasolines; in catalysts 


Rhodium 


38,875 
33,362 
34,870 
26,693 
41,624 


37,995 
37,995 


45,287 
45,287 


Ruthe- 


nium 


687 


Total 


1,090,202 
1,079,012 


868,383 
994,589 


8,933 
71,212,543 


71,221,476 


9,060 
1,281,738 


1,290,798 


to produce acids and organic chemicals; in 
electrical contacts, capacitors, and electron- 
ic coatings; in bushings for glass fiber man- 
ufacture; and in dental alloys. 


Table 3.—Platinum-group metals! sold to consuming industries in the United States 


Year and industry 


1982: 
Automotive 
Chemical -_-___________ 
Dental and medical... .. 
Electrical... .— 


Jewelry and decorative ___-_ 
Petroleum `... 
Miscellaneous - -_____--- 


1983: 
Automotive 
* Chemical ___~~________~— 
Dental and medical_______ 
Electrical_____________ 


Jewelry and decorative ___-_ 
Petroleum `. 
Miscellaneous _____---.-_ 


"Revised. 


Platinum 


1,408,925 
1,118,231 
872,639 


477,174 
63,601 
22,806 
89,994 
20,595 
15,995 
21,576 
67,805 


780,146 


508,499 


1Comprises primary and nontoll-refined secondary metals. 


(Troy ounces) 

Palla- T 
dium Iridium 
1,132,621 17,301 
911,967 ,984 
889,186 8,416 
118,445 23 
128,778 981 
310,754 103 
312,372 5,450 
213 2 
7,866 1,059 
20,845 892 
27,031 2,090 
926,304 10,600 
172,050 43 
39,892 590 
343,517 134 
250,047 1,014 
146 35 
6,711 181 
49,870 1,040 
59,582 1,378 
921,815 5,021 


Osmium Rhodium 


83,470 


Ruthe- 
nium 


112,730 


11,181 
87,658 


"104,930 


54,969 
71,251 
892 
180 
17,251 


144,780 


Total 


2,156,021 
2,205,910 
1,920,672 


622,565 
264,165 
334,922 
438,386 
22,815 
28,653 
43,317 
118,430 


71,873,253 


100,326 
165,160 
361,839 
405,505 
17,117 
20,965 
89,120 
153,920 


1,913,952 
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STOCKS 


In addition to the reported stocks held by 
refiners, importers, and dealers, end users 


of PGM held sizable quantities of PGM that 


were not reported to the Bureau of Mines. 


Table 4.—Refiner, importer, and dealer stocks of refined platinum-group metals? 
in the United States, December 31 


(Troy ounces) 

Year Platinum Palladium Iridium Osmium Rhodium Kuthe- "ett 
rod ia 305,605 323,865 18,803 1487 49678 62344 761,282 
1980 502,1 353,002 15,032 200 — 46105 56731 973,261 
Diog ul gll 401,389 398,933 16,819 37 43,555 57645 918178 
EE 604,632 384,184 13,348 138 40,562 63,764 1,106,628 
EE 433,417 412140 ` 16,945 489 — 51114 28972 94301 


1Includes metal in depositories of the New York Mercantile Exchange (NYMEX); on Dec. 30, 1983, this comprised 
235,300 troy ounces of platinum and 79,100 troy ounces of palladium. 


PRICES 


Dealer prices for both platinum and pal- 
ladium increased substantially, while other 
PGM dealer prices changed only slightly. 

Beginning in January, the U.S.S.R. 
changed its pricing contract terms for palla- 
dium. The new terms called for about 7596 
of its metal to be sold to U.S. dealers based 
on monthly prices of the New York Mercan- 
tile Exchange (NYMEX), and the remainder 
to be sold at market economy prices. The 
latter purchase was optional for each deal- 
er. Previously, the U.S.S.R. used annual 
contracts where one price was set for all 
metal shipments.’ 

Rustenburg Platinum Holdings Ltd. of 
the Republic of South Africa decided early 
in the year to begin selling over 60% of its 
metal at market economy prices and the 
remainder at producer prices to long-term 
industrial customers. Previously, Rusten- 
burg Platinum officially sold all of its out- 
put at producer prices through its exclusive 
sales agent, Johnson Matthey PLC. Report- 
edly, the decision was made to increase 
Rustenburg Platinum's market competi- 


tiveness.? The other major PGM producer, 
Impala Platinum Holdings Ltd., continued 
quoting its producer prices for all custom- 
ers. 

Producers, dealers, consumers, and inves- 
tors of PGM increased trading activity in 
futures contracts on the NYMEX. Futures 
trading allowed businesses to protect them- 
selves against damaging price fluctuations 
in metal prices by “hedging,” and allowed 
investors a chance to earn a profit and, at 
the same time, contribute to market liquidi- 
ty. Some dealers based their prices on the 
prices of NYMEX futures contracts. Vol- 
ume of trading in futures contracts for 1982 
and 1983 is shown in the following tabula- 
tion: 


Platinum! Palladium? 


po ———— —— —— 490,493 62,217 
19823 a 669,024 63,829 
Ss E enc e 1,053,282 241,224 


150 troy ounces per contract. 
2100 troy ounces per contract. 
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Table 5.—Average producer and dealer prices! of platinum-group metals 


(Dollars per troy ounce) 
Platinum Palladium Rhodium Iridium Ruthenium Osmium 
Pro- Pro- ro- ro- ro- 
ducer Dealer ducor Dealer ducer Dealer ducer Dealer acer Dealer ducer Dealer 

1979______ 352 445 113 120 733 770 257 280 45 32 150 130 

1980______ 439 677 214 201 766 729 505 666 45 35 150 130 

1981______ 475 446 130 95 641 498 600 529 45 32 150 130 

1982______ 475 327 110 67 600 323 600 359 45 26 137 130 
1983: 

January _ 475 461 130 125 600 266 600 285 45 25 110 130 

February . 475 465 130 125 600 283 600 285 45 25 110 130 

March. ` 475 402 130 102 600 294 600 316 45 26 110 130 

April ___ 475 414 130 120 600 295 600 300 45 26 110 130 

ay ---- 475 447 130 131 600 304 600 300 45 26 110 130 

June... 475 423 130 133 600 323 600 304 45 26 110 130 

July ____ 475 435 130 146 600 319 600 305 45 26 110 130 

August __ 475 435 130 148 600 334 600 317 45 29 110 135 

September 475 429 130 151 600 311 600 323 45 29 110 135 

October _ _ 475 394 130 142 600 337 600 325 45 32 110 135 

November 475 385 130 146 600 334 600 325 45 34 110 136 

December_ 475 393 130 164 600 339 600 325 45 37 110 136 

Average 475 424 130 136 600 312 600 309 45 28 110 132 


1 Average prices calculated at the low end of the ranges of weekly averages rounded to the nearest dollar. 


Source: Metals Week. 


FOREIGN TRADE 


Imports of platinum and palladium from ries: unspecified combinations, ores, sweep- 
major source countries are shown in table 8. ings and scrap, and materials not elsewhere 
The figures include estimates of the metal specified. 
content of the PGM in the following catego- 
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Table 8.—Estimated U.S. imports of platinum and palladium, by year and country 


ucts of nickel-copper mining by Inco Ltd. 
and Falconbridge Ltd. Inco's mines reo- 
pened in April 1983, after having been shut 
down since July 1982, owing to a labor 
strike and weak demand for nickel. 

China.—In China's Kansu Province, 
PGM were produced as byproducts of nickel 
and copper from the Jinchuan nickel mine. 
The United States imported less than 10,000 
ounces of PGM from China in 1983.1 

Germany, Federal Republic of.—Legisla- 
tion passed in the Federal Republic of 
. Germany in 1983 reportedly requires new 
cars registered in the country from January 
1, 1986, to be engineered to use unleaded 
gasoline and to be fitted with catalysts. In 
addition, the Federal Republic of Germany 
has urged other member countries of the 
European Economic Community to adopt 
similar measures.!! 

Japan.—Japan imported 942,000 ounces 
of platinum, primarily from the Republic of 
South Africa, and 1,024,000 ounces of palla- 
dium, primarily from the U.S.S.R. Con- 
sumption of platinum in jewelry uses de- 
clined and consumption of palladium in 
electrical uses increased in 1983. Estimated 
consumption of platinum and palladium in 
Japan, in thousand troy ounces, was report- 
ed as follows:!? 


(Thousand troy ounces) 
oue Platinum Palladium 
ST 1982 1983 1982 1983 
South Africa, Republic of- ---------------------------------—-— 576 626 464 409 
EE 16 23 380 392 
United Kingdom ————-——— immi er ii ss 147 308 137 242 
EEN 187 305 334 568 
o e 926 1,262 1,315 1,611 
WORLD REVIEW 
Three companies in the Republic of South 
Africa produced PGM from platinum ores; Platinum ` Palladium 
_the U.S.S.R. and two companies in Canada Automotive ----------- 150 
produced PGM from mining nickel-copper Chemical. ...........- 110 10 
deposits. Most of the rest-of-world supply Electrical ` 130 540 
was derived from scrap. Jewelry. ------------- 490 
Miscellaneous- - -------- 70 70 
Canada.—PGM were produced as byprod- | 
Totali. |. LL LLL lll 960 1,340 


1Data may not add to totals shown because of independ- 
ent rounding. 


Source: Sumitomo Corp. 


South Africa, Republic of.—Gold Fields 
of South Africa Ltd. studied the feasibility 
of developing a new platinum mine located 
north of Rustenburg in the western Trans- 
vaal, near the Amandelbult section of Rus- 
tenburg Platinum. By yearend, only prelim- 
inary drilling had been done, while mining 
costs and markets were still being analyzed. 
Sources said that the new mine, to be called 
“Northern Platinum," should probably 
reach full production by 1988, producing 
246,000 ounces of platinum, 103,000 ounces 
of palladium, 24,000 ounces of ruthenium, 
13,000 ounces of rhodium, and 24,000 ounces 
of gold per year.'? 

In September 1983, Johnson Matthey 
PLC of the United Kingdom, the marketing 
agent for Rustenburg Platinum, began sell- 
ing small platinum bars to investors in sizes 
ranging from 5 grams to 10 ounces. The 
other major South African producer, Im- 
pala Platinum, began selling a 1-ounce plat- 
inum coin, called the “Noble,” through 
its London-based marketing agent, Ayrton 
Metals Ltd. The coins were introduced to 
European markets in November 3 
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Table 9.—Platinum-group metals: World mine production, by country’ 


(Troy ounces) 
Country? 1979 1980 1981 1982” 1983° 
Australia, metal content, from domestic 
nickel ore:? 
Palladium EE 6,880 10,545 12,896 *12,000 12,000 
Platinum. ea ds 2,765 2,058 2,093 “1,900 1,900 
Ruthenium . o ooo (4) (4) (4) (4) M 
Canada: Platinum-group metals from nickel ore _ _ 197,943 410,757 382,658 228,425 5167,019 
Colombia: Placer platinum- ______________ 12,933 14,345 14,801 "20,000 20,000 
Ethiopia: Placer platinum _-______________ 108 113 *125 *125 125 
Finland: 
Palladium- --------------------—- 932 675 1,993 4,662 5,000 
Platinum: ence eue hc. Let 711 225 1,608 4,147 4,000 
Japan, metal from nickel-copper ores:$ 
Palladium- -saarnaan 22,495 28,968 25,748 27,862 $37,122 
Platinum tege ee 12,142 12,366 10,521 15,411 521,460 
South Africa, Republic of: Platinum-group metals 
from platinum ore*?*______________ 3,017,000 3,100,000 3,110,000 2,600,000 2,600,000 
U.S.S.R.: Placer platinum and platinum-group | 
metals from nickel-copper ores® . 3,200,000 3,250,000 8,350,000 3,500,000 3,600,000 
United States: Placer platinum and platinum- 
group metals from gold-copper ores _____—__ 7,300 3,348 7,318 8,033 56,257 
Yugoslavia: : 
IEN, HIEN 5,241 4,501 3,119 3,000 2,90C 
Platinum __________~_~______ ee 675 418 482 €480 400 
Zimbabwe: 
Palladium- --------------------—- ae 6,784 5,200 2,765 2,500 
Platinum. ceo ee Ets 2,990 2,300 1,704 1,500 
Total EET 76,487,125 6,848,093 6,930,862 6,430,514 6,482,183 
*Estimated. Preliminary. "Revised. 


1Table includes data available through May 9, 1984. Platinum-group metal production by the Federal Republic of 
Germany, Norway, and the United Kingdom was not included in this table because the production was derived wholly 
from imported metallurgical products and to include it would result in double counting. 

2In addition to the countries listed, China, Indonesia, Papua New Guinea, and the Philippines are believed to produce 


platinum-group metals, and several other countries may also 


do so, but output is not repo 


quantitatively, and there is 


no reliable basis for the formulation of estimates of output levels. However, a part of this output not specifically reported 
by country is presumably included in this table credited to Japan. (See footnote 6.) 

3Partial figure; excludes platinum-group metals recovered in other countries from nickel ore of Australian origin; 
however, a part of this output may be credited to Japan. (See footnote 6.) 


Revised to zero. 
5Reported figure. 


Japanese figures do not refer to Japanese mine production, but rather represent Japanese smelter-refinery recovery 


from ores originating in a number of countries; this output cannot be credi 


to the country of origin because of a lack of 


data. Countries producing and exporting such ores to Japan include (but are not neces d limited to) Australia, 
n 


Canada, Indonesia, Papua New Guinea, and the Philippines. Output from ores of Australian, 


donesian, Papua New 


Guinea, and Philippine origin are not duplicative, but output from Canadian material might duplicate a part of reported 


Canadian production. 
“Includes osmiridium produced in gold mines. 


TECHNOLOGY 


The Bureau of Mines studied methods for 
beneficiating PGM ores from the Stillwater 
Complex in Montana. A pilot flotation mill 
was operated using a mercaptobenzothia- 
zole-sulfuric acid reagent. The system was 
successful in concentrating most of the 
PGM ores, but consumed more sulfuric acid 
than expected. It was concluded that an 
auxiliary system was needed to treat acid- 
consuming minerals." 

In another study, the Bureau evaluated 
platinum-coated metals as substitutes for 
solid platinum shapes. The Bureau studied 
four electroplating methods for producing 
pore-free platinum coatings from molten 
cyanide baths and concluded that pulse 


plating produced the most corrosion-resist- 
ant coating.!e 

The Bureau, in cooperation with the Na- 
tional Association of Recycling Industries 
and the Defense Property Disposal Service, 
studied the concentrating of precious met- 
als contained in scrapped electronic materi- 
als, such as electronic reed switches and 
telephone relays. Both mechanical and hy- 
drometallurgical methods were used to sep- 
arate a PGM-gold residue from the base 
metals. The residue could then be refined to 
commercial specifications.!” 

Researchers at the U.S. Department of 
Energy’s Pacific Northwest Laboratory be- 
gan the second stage in a study of a process 


PLATINUM-GROUP METALS 


to recover PGM from spent nuclear reactor 
fuel. A spokesperson for Battelle Memorial 
Institute, which operates the laboratory, 
said that the spent fuel contains significant 
amounts of palladium, rhodium, and ruthe- 
nium, created in the reactor during the 
fission process. Part of the process involves 
adding lead oxide to the spent fuel to ex- 
tract the precious metals, similar to the fire 
assay process. If economically viable, the 
process would require allowing time for the 
radioactive decay of the precious metals to 
occur.! The presence of small but signifi- 
cant quantities of recoverable PGM in spent 
nuclear fuels has been known for many 
years, but recovery methods proposed pre- 
viously were not economically feasible. 


¡Physical scientist, Division of Nonferrous Metals. 
“a Automotive Reports. V. 58, No. 4, Jan. 24, 1983, 
S Bregen Precious Metals Institute. Precious Met- 

als News and Review. V. 7, No. 2, Feb. 1983, p. 5. 

4 — ——. V. 7, No. 6, June 1983, p. 5. 


5 ——— . V.7, No. 7, July 1983, p. 6. 
———. V. 7, No. 12, Dec. 1983, p. 6. 
6 ————. V. 1, No. 8, Aug. 1983. p. 5. 


“Burger, J. R. (ed.). Ongoing Projects. Eng. and Min. J., 
v. 184, No. 8, Aug. 1983, p. 9. 

8Metal Bulletin. Russians Conclude Frame Contracts. 
No. 6757, Jan. 25, 1983, p. 13. 
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3Metals Week. Rustenburg Now Selling Most Metal at 
Free Market Prices in Effort To Increase Sales. V. 54, 
No. 4, Jan. 24, 1983, p. 6. 

10Foreign Broadcast Information Service. China Report. 
JPRS 84244, No. 378, Sept. 1, 1983, p. 80. 

!!'Emmel, P. G. Catalysts For Europe—Motor Vechicle 
Emissions Control Regulations in Europe and Future 
Platinum Demand. Pres. at 2d Int. Platinum Seminar 
(sponsored by Met. Bull. Ltd.-Futures World, New York, 
NY, Dec. 14, 1983), 17 pp. 

12Sumitomo Corporation. Precious Metals Market in 
Japan. 14th ed., Feb. 1984, 17 pp. 

I3Engineering and Mining Journal. Gold Fields Assesses 
Potential New PGM Mine. V. 184, No. 8, Aug. 1983, pp. 13- 
15. 

International Precious Metals Institute. Precious Met- 
als News and Review. V. 7, No. 12, Dec. 1983, p. 7. 

American Metal Market. Ayrton Eyes Platinum Coin 
Sales in U.S. V. 91, No. 22, Nov. 10, 1983, p. 7. 

1SMorrice, E. Pilot Mill Flotation of Anorthositic 
Platinum-Palladium Ore From the Stillwater Complex. 
BuMines RI 8763, 1983, 8 pp. 

16L ynch, M. J., R. P. Walters, and D. R. Flinn. Structure 
and Porosity of Electrodeposited Platinum: Evaluation of 
Four Plating Methods. BuMines RI 8829, 1983, 18 pp. 

17Hilliard, H. E., and B. W. Dunning, Jr. Recovery of 
Platinum-Group Metals and Gold From Electronic Scrap. 
Paper in 1983 IPMI Int. Seminar (Williamsburg, VÀ, Apr. 
10-13, 1983). Int. Precious Met. Inst., Allentown, PA, 1983, 
pp. 129-142. 

Hillard, H. E., B. W. Dunning, Jr., and H. V. Makar. 
Hydrometallurgical Treatment of Electronic Scrap Con- 
centrates Containing Precious Metals. BuMines RI 8757, 
1983, 15 pp. 

18The Northern Miner (Toronto). Researchers Investi- 

gating Process To Recover Platinum From Spent Fuel. V. 
68, No. 46, Jan. 20, 1983, p. A-25. 
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Potash 


By James P. Searls? 


U.S. potash production in terms of potas- 
sium oxide (K20) equivalent declined 20% 
but apparent consumption increased 10% in 
1983. Domestic production declined to below 
that of 1952. Second half production was 996 
below first half production owing to several 
operations undergoing extended vacations 
during the summer and fall. Sales declined 
. 1596 from that of 1982, to a level below that 
of 1953, and also declined 20% from the first 
to the second half of 1983. However, year- 
end stocks decreased. Prices, f.o.b. mine, 
decreased for the second consecutive year. 
The United States continued to be a net 
importer of potash; net import reliance as a 
percentage of apparent consumption in- 
creased 10 percentage points to 75%. Cana- 
da provided an amount equal to 69% of the 
domestic apparent consumption. 


Latin American imports of U.S. potash 
fell strongly primarily because Brazil im- 
ported only one-tenth as much as in 1982. 
Japan and India also imported less. Some 
medium-sized importers, including Mexico 
and New Zealand, increased imports of U.S. 
potash. 

Near Carlsbad, NM, one economically 
marginal mine, at present prices, was closed 
for an extended period and two others were 
idled for nearly 3 months. One of the three 
operations in Utah was idled owing to 
extraordinarily wet weather that caused 
flooding of its brine gathering ditches. An- 
other Utah producer from brine continued 
production despite the inclement weather. 

Domestic Data Coverage.— Domestic pro- 
duction data for potash are developed by the 
Bureau of Mines from a voluntary semian- 


Table 1.—Salient potash’ statistics 


(Thousand metric tons and thousand dollars unless otherwise specified) 


United States: 


Production c ecc ge er let od 
K20 equivalent. _____________________-_ 
Sales by producers _______________________ 
K20 equivalent PEE 
EE 
Average value per ton of product ______ dollars. _ . 
Average value per ton of K20 equivalent __do___ _ 
¡A Ge eege 
K20 equivalent AAA e Se 
EE 
Imports for consumption? 5 ___—-----------—— 
K3Oequivalent - ----------------—--——— 
Customs value -------------------—-—— 


Apparent consumption 


K20 equivalent. _________________~_____ 
Yearend producers’ stocks, K20 equivalent ________ 
World: Production, marketable K20 equivalent ___ __ _ _ _ 


“Estimated. Preliminary. "Revised. 


1979 1980 1981 1982 1983 
4,271 4,315 4,153 3,366 2,010 
2,220 2,239 2,156 1,784 1,429 
4,549 4,265 3,670 3,387 2,950 
2,388 2,217 1,908 1,784 1,513 

$279,200 $353,900 $328,900 $265,600 $220,800 
$61.38 $82.9 $89.62 $78.42 $74.85 
$116.92 $159.63 $172.40 $148.87 $145.97 
1,119 1,584 887 952 P564 
635 840 49] 519 P300 
$79,500 $179,830 $107,950 $93,200  P$55,760 
8,505 8,193 7,903 6,338 P7322 
5,165 4,972 4,796 3,858 P4,440 
$520,800 $648,000 $750,400 $575,400 $600,600 

11,935 10,874 10,686 8,773 P9,708 
6,918 6,349 6,213 5,123 P5,653 

251 213 920 520 437 
725,168 721,857 21,080 P24,664 €26,678 


1Includes muriate and sulfate of potash, potassium magnesium sulfate, and some parent salts. Excludes other chemical 


compounds containing potassium. 
2F.0.b. mine. 
3Excludes potassium chemicals and mixed fertilizers. 
4F.a.s. U.S. port. 
Includes nitrate of potash. 
SMeasured by sales plus imports minus exports. 
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nual survey of U.S. operations. Of the 10 
operations to which a survey request was 
sent, 100% responded, representing 100% of 
the total production shown in table 1. The 
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permanently closed plant reported ending 
stocks. Reports from two plants were incom- 
plete for the second half of the year and 
required some adjustment. 


DOMESTIC PRODUCTION 


Domestic K;O production declined 20% in 
1983, the second consecutive year of signifi- 
cant decline. Of the total production, 74% 
was standard, coarse, or granular muriate 
of potash and 13% was sulfate of potash. 
The remaining production comprised ma- 
nure salts, soluble and chemical grades of 
muriate of potash, and potassium magne- 
sium sulfate. The New Mexico producers 
accounted for 85% of the total domestic 
potash production. New Mexico mine pro- 
duction was 12.4 million metric tons, and 
these crude salts had an average K;O con- 
tent of 12.9%. Production in other States 
was from natural brines and a solution 
mine. 

At the beginning of the year, six compa- 
nies produced potash in New Mexico from 
underground, bedded sylvinite and lang- 
beinite deposits east of Carlsbad. The com- 
panies were AMAX Chemical Corp. of 
AMAX Inc; Duval Corp. of Pennzoil Co. 
Inc.; International Minerals & Chemical 
Corp; Kerr-McGee Chemical of Kerr- 
McGee Corp., which commenced granular 
muriate of potash production at the other- 
wise defunct National Potash Co. plant; 
Mississippi Chemical Corp.; and Potash Co. 
of America (PCA) of Ideal Basic Industries 
Inc. Muriate of potash and potassium mag- 
nesium sulfate continued to be produced 
from sylvinite and langbeinite ores, respec- 
tively. One company reacted muriate of 
potash and potassium magnesium sulfate to 
produce sulfate of potash. On January 19, 
Mississippi Chemical shut down its potash 
mine near Carlsbad, NM, for an extended 
period. This period may be at least 2 years if 
not permanently. This was the oldest mine 
in the Carlsbad area. AMAX Chemical and 
PCA both shut down for July, August, 


and September owing to large inventories of 
product and poor sales. 

Eddy County, NM, which contains most of 
the Carlsbad potash mines, raised its tax 
rate from 5.5 to 7.5 mils per $1,000 of 
property owned. The State of New Mexico 
considered collecting taxes on product sales, 
retroactive to 1976. It had been collecting 
taxes on an arbitrary valuation of ore pro- 
duced. 

Sulfate of potash was produced at two 
Texas plants operated by Permian Chemi- 
cal Corp. and PCA. Permian reported pro- 
duction of about 12,000 tons in 1982 and 
14,000 tons in 1983. The PCA plant produc- 
ed sulfate of potash from muriate of potash 
and sulfur dioxide, whereas the Permian 
plant used muriate of potash and sulfuric 
acid. 

Three companies continued to produce 
potash in Utah. Great Salt Lake Minerals & 
Chemicals Corp., a subsidiary of Gulf Re- 
sources & Chemicals Corp., produced sulfate 
of potash in the face of several weather- 
related problems as a coproduct of salt, 
magnesium chloride, and sodium sulfate 
from Great Salt Lake brines. Kaiser Chemi- 
cals of Kaiser Aluminum & Chemical Corp. 
produced muriate of potash from natural 
near-surface brines at the west end of the 
Bonneville Salt Flats near Wendover. Kai- 
ser Chemicals shut down its plant on Sep- 
tember 30 for the duration of the year 
because of extraordinarily wet weather that 
flooded its brine collection area. Texasgulf 
Inc. produced muriate of potash from an 
underground solution mine near Moab. 

In California, Kerr-McGee Chemical con- 
tinued to produce both muriate and sulfate 
of potash along with other products from 
underground brines at Searles Lake. ` 
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Table 3.—Production and sales of potash in New Mexico 
(Thousand metric tons and thousand dollars) 


Marketable potassium salts 
Crude salts! . | 
Period (mine production) Production Sold or used 
Gross KO Gross K20 Gross K20 Value? 
weight equivalent weight equivalent weight equivalent 
1982: 
January-June _________ 1,132 1,013 1,434 758 1471 . 751 110,600 
July-December _______~_ 7,960 1,026 1,464 766 1,401 745 94,000 
Total’ 2 15,691 2,039 2,898 1,524 2,872 1,497 204,600 
1983: 
January-June _________ 6,562 851 1,251 653 1,395 717 96,900 
July-December ________ 5.878 748 1,129 561 1129 560 77,800 
Total? ___________ 12,440 1,600 2,380 1,214 2,525 1,278 174,700 
1Sylvinite and langbeinite. 
2F o.b. mine. | 
3Data may not add to totals shown because of independent rounding. 
Table 4.—Salient U.S. sulfate of potash’ statistics 
(Thousand metric tons of K,O equivalent and thousand dollars) 
1979 1980 1981 1982 1983 
Production «nuu ee Se eb E eee s eL 205 203 200 166 191 
Sales by producers _______________________________ 204 201 178 176 184 
TEE $46,230 $60,080 $61,993 $61,934 $62,881 
EXDORE A ap re a A EAS 81 70 40 71 P44 
Valie a ate Sa ety alo ye E ee et ate ate E e a a NA $23,113 $16,095 $27,648 °$16,390 
EE 10 22 18 6 P29 
CHE $2,710 $7,111 $7,380 $2,409 P$12,300 
Apparent consumption’?____________________________ 1 153 156 111 P169 
Yearend producers’ stocks ______________-~-__~___--_-_~- 22 24 46 36 44 


PPreliminary. NA Not available. 
1Excluding potassium magnesium sulfate. 
F.o.b. mine. 


3Export data supplied by Potash & Phosphate Institute (1979) and the Bureau of the Census (1980-83). 


*F.a.s. U.S. port. 

"Bureau of the Census. 

6C.i.f. to U.S. port. 

7Sales plus imports minus exports. 


CONSUMPTION AND USES 


Apparent domestic consumption of all 
forms of potash increased about 10% over 
the 1982 level primarily owing to an autum- 
nal increase in demand for fertilizers fol- 
lowing the “payment-in-kind” (PIK) pro- 
gram. Surplus grains from the 1982 and 
1981 harvests brought about the U.S. De- 
partment of Agriculture PIK program 
whereby farmers were paid-in-kind with 
surplus crops in the fall for refraining from 
planting corn, sorghum, wheat, cotton, and 
rice in the spring. Along with other acreage 
diversion programs, 82 million acres was 
removed from production during the sum- 
mer. This had a negative effect on spring 
sales of potash in the United States. Domes- 
tic producers’ fall sales decreased by 24%, 
compared with that of 1982, whereas in- 
creased sales had been expected. 


According to the Potash & Phosphate 


Institute, which reports sales of U.S. and 


Canadan producers, consumption of mu- 
riate of potash for agricultural uses chang- 
ed as follows: Standard grade fell 29% to 
399,000 tons, K;O equivalent; coarse grade 
rose 37% to 2.4 million tons; granular grade 
rose 24% to 1.5 million tons; and sulfate of 
potash and sulfate of potash magnesia, com- 
bined, fell 2% to 184,000 tons. The percent- 
age breakdown by grade was 48% coarse, 
31% granular, 9% soluble, 8% standard, 
and 4% sulfates. Potash sales from U.S. 
mines represented 9% of the coarse mu- 
riate, 26% of the granular, 51% of the 
standard, 4% of the soluble muriate, and 
100% of the sulfates. 

The Potash & Phosphate Institute also 
reported that 312,000 tons of potash was 


POTASH 


sold for nonagricultural (chemical) uses. Of 
this, standard muriate was 63%, soluble 
muriate was 36%, and the balance was 
sulfates. Nonagricultural use of potash was 
primarily for producing caustic potash and 
chlorine. Caustic potash, or potassium hy- 
droxide, was the major precursor to other 
potassium chemicals. Caustic potash was in 
‘oversupply and one caustic potash plant 
closed down. Some muriate of potash was 
also used by the petroleum well-drilling 
industry in drilling muds for shale stabiliza- 
tion and in well stimulation by massive 
fracturing, in which the potassium ion in- 
hibits clay particle swelling. 

According to the Potash & Phosphate 
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Institute, the major consuming States of 
agricultural potash, in decreasing order, 
continued to be Illinois, Iowa, Indiana, 
Ohio, Minnesota, and Wisconsin. These six 
States consumed 59% of the total from U.S. 
and Canadian producers. The major agricul- 
tural consumers of domestically produced 
potash, in decreasing order, were Texas, 
Missouri, Illinois, Mississippi, Kentucky, 
and Florida. These six States accounted for 
55% of the total. The major agricultural 
consumers of domestically produced sul- 
fates of potash, in decreasing order, were 
Florida, Kentucky, California, Georgia, 
Tennessee, and Texas, which consumed 
61% of the total. 


Table 5.—Sales of North American potash, by State of destination . 
(Metric tons of K,O equivalent) 


Agricultural Nonagricultural 
1982 1983 1982 1983 
AJADAMA o eL elitum E 72,747 67,906 52,973 52,298 
Alaka RA A O A ELLA TE 167 dee DE 
¡a DEEN 1,855 518 55 43 
ATKAnBSBÜ 0 aaa a Ee ees 39,385 44,421 561 476 
CSOT he == a e e e dd EE 54,415 53,657 10,399 9,672 
Colorado —— ee Een 23,082 18,705 61 163 
(2 A A A ee RE E LEE 3,322 5,513 67 47 
DEJTAWATOS 2 e EE 20,739 23,503 22,072 32,082 
PA a a itu ee te 113,709 112,475 557 821 
E AA A an ca it ESE 116,806 109,014 1,054 422 
Hawai ee eege tee 14,663 11,650 as Le 
Idaho A ius da Leu LL eA LAE eA 15,100 18,192 656 55 
Deg uen i ted cuum c Utere E 525,883 829,863 25,267 . 24,526 
Eeer Gh uere e mM LA E e 286,381 . 429,72 4,050 3,533 
OWHic no Da LA duct e um hal AMA a Ae As 388,403 . 551,731 1,835 350 
¡CT s li n e xd s cunei rei o ct eue O 41,834 31,944 2,688 2,614 
Kentucky uu mee E mec ne CL C EA d 136,344 148,205 2,100 369 
LOUISIANA o a a ue Uc oe Lr Lec cs ea 39,186 42,517 3,197 1,881 
Malle soc ce ue c LL Me Le cunt Ee es eer aes 4,151 4,979 94 25 
Maryland EE 27,754 26,960 698 476 
Massachusetts. __.______________________________ Lie 4,094 3,831 491 584 
ROT, EE EE 174,684 — 227,179 2,169 2,693 
Minnesoti o ita emu ume Si e a A Vers 327,854 ` 391,068 39 30 
MISSISSIDDI Sie uec nnt pa an EE 158,810 89,248 2,561 2,094 
ISSOUE] AA AA AN 184,218 265,801 3,947 2,806 
MOntala  ——————— ob ARS AD A 10,675 12,530 106 172 
Nebraska. a e ser o a ad o es RS E 35,316 42,972 1,551 530 
Nevada == ne astas lso scum M Bet, Oey ta la na heels 1 PM 20 320 
New Hampshire: <2 20.5 aa a ir ll 459 457 74 Gm 
New Jersey dieses e EE 6,631 6,426 668 920 
New MexicO o a i a es a ie ee ee eg ea 4,053 1,516 42,312 31,575 
New York. EE 63,463 11,341 41,116 42,429 
North Carolina a RUE e LL 80,676 86,610 4 12 
North DOU EE 20,345 23,450 63 "S 
9] 11 sete a ERN AA A asl pete E 363,318 406,765 31,823 43,097 
Oklahoma. EE 16,240 22,680 8,836 1,038 
DPeBOHe s: v Lu eru EE 18,909 22,124 945 1,168 
Pennsylvania o. 00 a a s Lye cs duca uie Bt js 42,525 49,748 3,373 3,394 
Rhode Island ———— 2 ec ee Se ee ee cA 2,097 2,231 89 132 
South Garolifia-- ot e le tos cee ape ed, as Sa e 47,546 54,535 173 120 
South- Dakota euis nu py tet hehe Ee 10,870 11,946 23 
Tennessee aici th a uuu cipe ns ue er Le EE E LL Pan 93,014 109,582 147 143 
Texag d. scum at ee cue pe aes te et A cu UN LE ep 149,932 141,526 33,580 34,202 
Utah mer plas nez secte loi EEN 2,283 2,839 2,219 2,074 
Vermont- eaa 4 ou tu Lue oic EL E Lt Eni IA E MeL es 4,483 3,450 M M 
EK, ee ue ea th ce eR) IL Ma E EL 41,221 45,131 833 316 
Washinton uhi co ue a cun e A a Sade 33,081 36,039 2,608 2,080 
West Virginia coooa ds EE 4,123 5,186 128 898 
WISCONSIN st cc Ee dui m LU E ters e E E DN bae erat ra la 265,909 297,844 434 311 
Vy ORRIN S e. reta ci due aM Lc LE 1,881 ,181 1,440 1,940 
EE A 4,094,629 4,969,074 318,857 311,831 


Source: Potash € Phosphate Institute. 
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Table 6.—Sales of North American muriate 
of potash to U.S. customers, by grade 


(Thousand metric tons of K,O equivalent) 


Grade 1980 
Agricultural: 
Standard ___._-_ 948 
Coarse_______ 2,228 
Granular _____ 1,687 
Soluble ______ 447 
Total_____ 5,310 
Nonagricultural: 
Soluble ` ` _ 108 
Other _______ 242 
Total_____ 350 
Grand total _ 5,660 


1981 1982 1983 
873 563 399 
2,070 1,750 2,402 
1,549 1,287 = 1,533 
435 357 451 
4,927 3,907 4,785 
118 106 114 
260 210 195 
378 316 309 
5,305 4,223 5,094 


Source: Potash & Phosphate Institute. 


STOCKS 


Yearend producers’ stocks of potash were 
down 16% from that of yearend 1982. How- 
ever, because of reduced production, year- 


end stocks rose slightly to 31% of produc- 
tion. 


TRANSPORTATION 


Domestic rail tariffs were essentially 
unchanged while ocean rates rose during 
the first half of the year and remained level 
thereafter. Several railroad contracts with 
potash producers were signed during the 
year under the terms of the Staggers Act 
but these agreed-upon charges or rates were 
unpublished. A bill (S. 1554) was introduced 
in the Senate to add a ton-mile fee on barges 
for increased recovery of the cost of main- 
taining the inland waterway system. 

About 800,000 tons of muriate of potash 
. was shipped from Saskatchewan, Canada, to 
Thunder Bay, Ontario, for lake freightage, 
mostly to U.S. Great Lakes ports. About 
750,000 tons of muriate of potash was 
shipped to Minneapolis or St. Louis for 
transfer to barges. 


The Canadian Parliament amended the 
“Crow’s Nest” rate for grain traffic to allow 
both Canadian railroads a better rate of 
return for grain haulage. The new funds 
were to be used to increase traffic capacity 
through the Western Canadian mountain 
ranges to Pacific ports. Tariffs on potash 
were reported to have remained unchanged. 
Both Canadian railroads announced facility 
improvements for transfer of potash to lake 
freighters at Thunder Bay on Lake Superi- 
or. 
The German Democratic Republic started 
construction of a potash export quay in 
Rostock, with two bulk warehouses, each to 
be 722 feet by 131 feet by 98 feet high. 

The Suez Canal raised tariffs up to 6.5% 
on all freight. 


Table 7.—Prices! of U.S. potash, by type and grade 
(Dollars per metric ton of K,0 equivalent) 


1981 1982 1983 
Type and grade January- July- January- July- January- July- 
June December June December June December 
Muriate, 60% K3O minimum: 

Standard. ___________~_________ 140.18 132.45 114.76 97.59 93. 98.5 
PSC Ske colle ol EA eee A 144.92 137.28 125.76 105.25 108.13 104.73 
Granular- 2222222222222 142.42 130.94 115.81 103.30 104.46 99.44 
All muriate?_ 2 Lc 141.70 132.71 117.16 100.71 100.10 99.75 
Sulfate, 50% K20 minimum ___________~_ 344.84 354.55 362.85 341.91 353.19 331.41 


1 Average prices, f.o.b. mine, based on sales. 
2Excluding soluble and chemical muriates. 
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PRICES 


The average value, f.o.b. mine, of US 
potash sales of all types and grades was 
$145.97 per ton. This average value was 
essentially the same for both halves of the 
year. The average annual price for muriate 
of potash, f.o.b. mine, decreased 8% from 


about $109 to $100 per ton. The average 
annual price of sulfate of potash declined 
3% to $342 per ton. Standard-grade muriate 
of potash averaged $95 per ton, coarse-grade 
averaged $107 per ton, and granular aver- 
aged $102 per ton. 


FOREIGN TRADE 


U.S. potash exports fell 42%. Exports to 
Latin America fell 56%, largely owing to a 
90% reduction in Brazil's purchases of U.S. 
potash. Brazil’s problems revolved around 
its foreign debt and balance-of-payments 
difficulties. Exports to the Far East, notably 
India and Japan, decreased significantly. 
Generally, worldwide price competition con- 
tinued to push domestic producers out of 
individual markets as the world market 
remained in a slight oversupply condition, 
with few producers, other than North 
American producers, exerting efforts to 
keep markets in balance, and two new 


operations coming on-stream. The strong 
U.S. dollar continued to cause problems in 
the U.S. export trade. 

A 15% increase in total U.S. imports for 
consumption of potash represented in- 
creases in imports of all potash products. 
Imports of muriate of potash from Canada 
increased 11% over the 1982 level and 
amounted to 89% of all muriate imports 
and 88%, by RO equivalent, of all potash 
imports. Israel was the second largest 
source of imports, with 7% of muriate of 
potash imports and 8% of total potash 
imports. 


Table 8.—U.S. exports of potash 


See footnotes at end of table. 


A A 
SE 1982 GE 1983P 
imate imate 
Value? | Value! 
pes ~ Quantity (metric tons)  (thou- pes ! Quantity (metric tons) (thou- 
K20 sands) K20 sands) 
con- K20 con- K20 
tent Product equiva- tent Product equiva- 
(per- lent (per- ent 
cent) cent) 
Potassium chloride, 
all grades ________ 61 691,040 421,520 $56,710 61 385,980 235,450 $30,700 
Potassium sulfates? __ _ (3) 261,120 97,920 36,490 51 86,320 44,020 16,390 
Potassium magnesium 
sulfate* _________ NA NA NA NA 22 91,440 20,120 8,670 
Totab* cett XX 952,160 519,440 93,200 XX 563,730 299,580 55,760 
PPreliminary. NA Not available. XX Not applicable. 
1F a.s. U.S. port. 
2Includes potassium magnesium sulfate for 1982; includes only potassium sulfate for 1983. 
“Varies from year to year according to relative quantities of the two types of sulfates exported. 
1983 only. 
"Data may not add to totals shown because of independent rounding. 
Source: Bureau of the Census. 
Table 9.—U.S. exports of potash, by country 
Metric tons of product 
Potassium Potassium sulfates, 2 Total value 
Country chloride all grades? Total (thousands) 
1982 1983P 1982 1983P 1982 1983P 1982 1983? 
Argentina _________~_ 2,100 e 4,310 6,850 6,410 6,850 $820 $750 
Australia - ---------- 2c T 9,430 1,010 5,430 7,010 1,150 1,770 
Bahamas __________~_ E 20 2,500 1,710 2,500 1,720 470 340 
Belgium____________ 8,800 7,600 20 i 8,820 1,600 140 580 
Brazil 5 ist 200,940 11,970 18,410 9,210 219,350 21,180 17,180 1,790 
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Table 9.—U.S. exports of potash, by country —Continued 


Metric tons of product 
Potassium Potassium sulfates, . Total value? 
Country chloride all grades! Total? (thousands) 


1982 1983” 1982 1983” 1982 1983” 1982 1983” 


Canada __________-_~- 2,540 4,710 41,650 18,830 44,190 23,540 $4,070 $2,760 


Chie ose AA 10,490 Ee 3,300 10,020 13,790 10,020 1,470 ' 1,940 
Colombia -______-____ 22,500 6,720 7,850 6,060 30,350 12,770 2,530 1,170 
Costa Rica _-________-_ 13,800 16,000 11,750 3,760 25,550 19,760: 2,8380 1,660 
Denmark __________~_ 28,700  . 23,790 13,000 i oe 36,700 23,190 2,525 1,830 
Dominican Republic ....... 18,960 19,850 5,490 1,520 24,450 21,970 2,530 1,890 
Ecuador... 14,800 5,440 2,230 ist 16,530 5,440 1,890 420 
Egypt |... -------- 10 Ge 9,840 10,120 9,850 10,120 2,060 1,920 
French West Indies _ _ _ _ _ e: 14,690 t M Gs 14,690 m 1,290 
Greece ___________ _ "A 390 A n 
Guatemala _ a 1,680 2,630 200 2,680 1,880 330 220 
¡AA te es 640 Se a 110 340 110 70 10 
Honduras- _________— EM 1,150 2,940 70 2,940 1,220 220 150 
India a aca Se 84,970 30,430 UN ss 84,970 30,430 6,320 2,040 
Italy. ------------ 270 1,600 E c 270 1,600 21 120 
Jamaica___________ _ — s 1,610 120 1,610 120 310 10 
Japan ~- ------------ 111,710 85,590 78,220 58,920 184,980 139,510 22,830 14,120 
Korea, Republic of -_._.- |j 21,410 180 40 110 21,450 290 1,750 80 
ward and Windward 
Islands __-________~_ 6,700 1,100 Sa 850 6,700 1,450 650 180 
Liberia _ 180 Ge an E 180 i 14 EN 
Malaysia ----------- SN SS 8,200 zx 8,200 dm 660 n" 
Mexico ___________-— 36,480 36,100 10,090 18,720 46,570 54,820 4,800 6,170 
New Zealand. _______ _ 86,960 94,190 160 420 87,120 94,620 7,850 7,710 
Nicaragua _.._... ~~ 4,450 cane SE §,900 4,450 5,900 
Orway - - ---------- Se 1,410 ER EN 2a 1,410 M 100 
Panama. -------.-... 2,800 2,820 50 . 1,470 2,850 4,290 290 860 
Perl... 10 5,480 5,450 - 4,760 5,460 10,180 860 760 
Philippines. - -------- 90 10 830 430 920 440 170 90 
Portugal ----------- 2,670 "— e Ls 2,670 zur 210 MEM 
Saudi Arabia. -------- 280 90 220 100 500 190 50 20 
Sweden ___________~- E 6,600 ae zo P 6,600 Y 450 
Switzerland ________~— 2s 6,200 JE TUN e 6,200 d 490 
Taiwan . -.-.--------—- 80 20 14,520 qe 14,600 20 2,690 1 
Thailand -_-_---.-.-.-.-- zi: M 4,800 6,000 4,800 6,000 410 500 
Turkey ---------.-.. a ae 10,000 oon 10,000 Se 1,980. ES 
Uruguay --ooo--- 2,000 E cae HAM 2,000 PN 180 a 
Venezuela __________ 11,000 60 30 9,150 11,030 9,210 800 1,560 
Other... cosa 200 530 157 850 357 1,880 41 140 
Total? 225242552 691,040 385,980 261,120 177,760 952,160 563,730 93,200 55,760 
PPreliminary. 


1Includes potassium magnesium sulfate. 
2Data may not add to totals shown because of independent rounding. 
3F.a.s. U.S. port. 


Source: Bureau of the Census. 


Table 10.—U.S. imports for consumption of potash 


Approx- 
imate Quantity (metric tons) Value (thousands) 
average Oooo ————— 
K20 Product K20 e Customs C.i.f. 
content equivalent 
(percent) 
1982 
Potassium chloride _— - - ---------------—-—- 61 6,290,400 3,840,000 $564,500 $595,050 
Potassium sulfate______________________ 50 11,800 5,900 ,230 ,410 
Potassium nitrate ~~~ ~~~ --_- 45 22,800 10,300 6,840 7,630 
Potassium sodium nitrate mixtures ___________ 14 12,900 1,800 1,790 1,920 
Total! mc o AAN LA te XX 6,337,900 3,858,000 515,400 607,000 
1983P 
Potassium chloride `... 61 7,177,400 4,378,200 570,000 602,800 
Potassium sulfate _________-___o ooo 50 58,700 29,400 11,300 12,300 
Potassium nitrate. -—-—----------------——- 45 66,200 29,800 16,600 ; 
Potassium sodium nitrate mixtures __________- 14 19,800 2,800 2,100 3,400 
de BEE XX 7,322,100 4,440,200 600,600 637,100 


Estimated. Preliminary. XX Not applicable. 
1Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census. 
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WORLD REVIEW 


World production rebounded from its 
1982 decline to near 1981 levels. The in- 
creases occurred in the U.S.S.R., Canada, 
and France, in decreasing order. 

Canada.—PCA started up its new potash 
mine and mill near Sussex, New Brunswick, 
in August. Initial mill capacity was 390,000 
tons per year with projected capability up to 
990,000 tons per year. The mill apparently 
had some starting problems, and mine pro- 
duction was intermittent because of prob- 
lems with passageways for both potash and 
salt production, air movement, and mill 
tailings’ return to the mine. Proven ore 
reserves were about 51 million tons crude 
ore with an average ore grade estimated at 
25.5% K.O and 2.5% insolubles. Plant yield 
was estimated at 11 million tons. 

Potash Corp. of Saskatchewan (PCS) of- 
fered to sell an equity position in the 
Lanigan Mine mill expansion to China. 

Central Canada Potash of Noranda Mines 
Ltd. was idle for about 3 months during the 
summer. The other mines endured shorter 
summer idle periods, and a few were idle 
during the beginning of the year. The Pre- 
mier of Saskatchewan expressed concern 
that the Saskatchewan potash industry had 
absorbed a disproportionate share of the 
world decrease in potash consumption for 
the year. 

PCS announced a research effort to pro- 
duce sulfate of potash in the Saskatoon area 
using locally available muriate of potash 
and sodium sulfate as feedstocks. The proc- 


ess produces an intermediate solid phase of ` 


glaserite, a sodium-potassium sulfate,. to 
which more muriate of potash is added to 
obtain sulfate of potash. This was expected 
to broaden the product line of PCS, and the 
product was expected to be used in the 
tobacco fields in the southern part of the 
Province of Ontario. 

The Denison-Potacan Potash Co. joint 
venture in the Province of New Brunswick 
announced its intentions to produce potash 
from the Clover Hill site, south of Sussex, 
New Brunswick, by September 1985, after 
concluding detailed underground explora- 
tion. Planned capacity was 800,000 tons per 
year from a reserve of 230 million tons of 
probable and possible crude ore averaging 
28% K.O arid less than 1% insolubles. BP 
Canada continued its exploration of the 
Millstream site. Pronto Explorations Ltd. of 
Toronto continued exploration for potash on 
the southwest coast of Newfoundland. Chev- 
ron Standard Ltd. apparently abandoned its 
exploration for potash in Nova Scotia. 


Table 12.—Salient Canadian potash 
statistics 


(Thousand metric tons of K;O equivalent) 


1980 1981 1982 1983 
Production! _____ 7,300 7,175 5,208 5,928 
Domestic sales by do- 
mestic producers?! 378 332 273 385 
Exports: 
United States! _ _ 4,563 4,182 3,202 3,965 
Overseas! _ __ 2,170 1,823 1,576 2,026 
Imports for 
consumption? _ _ _ 33 11 13 P17 
Domestic 
consumption? _ _ _ 411 343 286 P402 
Yearend producers' 
stocks! _______ 564 1,308 1,486 862 
PPreliminary. 


1Data supplied by the Potash & Phosphate Institute. 

2From Bureau of the Census export data. Sulfate of 
potash was probably landed on the Canadian east coast 
from European sources. 

3Domestic sales by domestic producers plus imports. 


Chile.—The governmental corporation, 
Corporación de Fomento de la Producción, 
asked for bids to develop the potash rights 
in the Salar de Atacama. Preliminary 
studies concluded that 500,000 tons of prod- 
uct per year of muriate of potash and 
150,000 tons of product per year of sulfate of 
potash could be produced. The preliminary 
study assumed the use of solar ponding. 

Ethiopia.—4A feasibility study of the old 
Dallolin Mine was started by Entreprise 
Miniére et Chimique for the Ethiopia-Libya 
Mining Co. This site produced small ton- 
nages of potash before the Second World 
War. 

France. —The Rhine Treaty concerning 
potash mine tailings that enter the Rhine 
River was approved by the French Assem- 
bly. The French Senate must also approve 
the Treaty. Plans were announced for a 
portion of the Amelie mill of Mines de 
Potasse d'Alsace to be converted from the 
dissolution-recrystallization process to a flo- 
tation process to reduce production costs. 
This mine has the longest expected lifetime 
of the three French mines. The Theodore 
Mine was scheduled to close in 1985 or 1986 
owing to depletion. 

German Democratic Republic.—The ex- 
pansion of the Port of Rostock was to 
include conversion of the fertilizer export 
quay into a modern transfer point with 
railcar bottom dumping to conveyor belts, 
two large storage sheds, and bulk and 
bagged shipping facilities. 

The Werra River pollution cleanup was 
delayed only by the Federal Republic of 
Germany's internal discussions of its contri- 
bution to the costs. 


POTASH 


Germany, Federal Republic of.—Frie- 
drichshall, the former Kali-Chemie Mine 
that was sold to Kali und Salz AG in 1981, 
was linked underground to the Bergmans- 
segin-Hugo Mine in 1982. The Friedrichs- 
hall shafts were filled in and the surface 
facilities became redundant. In 1983, the 
Siegfried-Giesen Mine ceased production of 
muriate of potash with its energy-intensive 
crystallization process. The site was ex- 
pected to produce only kainite and other 
related minerals in the future. 

Israel.—Israel announced that its exports 
in 1982 to the United States were 253,200 
tons of K-O equivalent, or 415,100 tons of 
product assuming a K.O content of 61%. 
The second stage of the “Makleff” cold 
crystallization project, a 450,000-ton prod- 
uct increase, was scheduled for completion 
in 1984 and would increase the Dead Sea 
Works Ltd. capacity to 2.1 million tons 
product of muriate of potash. Transporta- 
tion of finished potash from the plant to the 
nearest railway loading dock, presently by 
truck haulage, was to be by conveyor belt 
from Sdom to Nahal Zin. The potash then 
would travel by railroad to the Port of 
Ashdod, which the Ports Authority would 
increase in import and export capacity and 
water depth. The Dead Sea Works was 
considering producing sulfate of potash, 
probably using sulfuric acid from the Rotem 
Fertilizers Ltd. plant at Sdom. 

Jordan.—Arab Potash Co. started limited 
potash production from Dead Sea brine in 


Table 13.—Marketable potash 
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nine small evaporating ponds created by 
subdividing the three regular carnallite 
ponds into thirds while the large salt and 
precarnallite ponds went through startup 
phases. The carnallite ponds were schedul- 
ed to return to carnallite harvesting once 
the brines finished moving through the 
large ponds. The pond system was expected 
to be at full production in 1985. Meanwhile, 
the producers were contemplating an in- 
crease to double design capacity. 

Mexico.—The development plans for mu- 
riate of potash production at Cerro Prieto 
geothermal wells, 20 miles south of Mexi- 
cali, had been shelved in 1982 because of 
Government difficulties in servicing debts 
to international banks. In late 1983, the 
Government announced reactivation of the 
plans. 

Spain.—Debt restructuring by Union 
Explosivos Rio Tinto S.A. apparently in- 
cluded sale of a portion of Potasas de 
Sallent to Instituto Nacional de Industria 
(INI), the governmental owner of Potasas de 
Navarra S.A. INI purchased 51% of Minas 
de Potasas de Suria S.A. from Solvay & Cie 
in February 1982. Suria obtained approval 
for an expansion of 50,000 to 220,000 tons 
per year to be completed by 1986. 

Tunisia.—The French consortium of Spie 
Batignolles and Mines de Potasse d’Alsace 
won a Government contract to study the 
feasibility of sulfate of potash production 
from Sebkhet el Melah, southwest of Zarzis. 
Target capacity was 140,000 tons per year. 


: World production, by country! 


(Thousand metric tons of K;O equivalent) 


Country 1979 1980 1981 1982P 1983* 

Canada (sales)?_____________ 2 7,074 7,532 6,549 5,309 36,203 
Chile** ct o td a a E do 22 725 21 "22 22 
CHind Xe ui cu Sut A 16 12 20 26 25 
Franta nn monum AAA 1,921 1,894 1,831 1,701 1,900 
German Democratic Republic _____________ 3,395 3,422 3,460 3,434 3,430 
Germany, Federal Republic of- ____________ 2,616 2,737 2,592 2,057 2,100 
Israel. ________._ eit ts lg at NN ae 737 797 839 1,004 1,000 
Italy 2 222 22 L a moi re 182 156 146 146 140 
Jordan Saa ye gt ea er oe tes m BE Séi Se H 170 
DD Eed 668 658 732 692 3657 
LBB EE A AN 6,635 8,064 8,449 8,079 9,300 
United Kingdom o ooo r277 321 285 401 3302 
United States. a 2,225 2,239 2,156 1,784 31,429 

TOA ss a eg ta 125,768 727,857 27,080 24,664 26,678 

“Estimated. Preliminary. ‘Revised. 


1Table includes data available through Mar. 27, 1984. 


2Official Government figures. Potash & Phosphate Institute production data are given in table 12. 


3Reported figure. 


*Data represent officially reported output of potassium nitrate product (gross weight basis) converted assuming 14% 


K20 equivalent. 
Chinese data on production of potassic fertilizers are in 
produced and used by the nonfertilizer chemical industry. 


terms of nutrient content; small additional quantities may be 
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U.S.S.R.—The solution mine pilot plant 
at Karlyuk, Turkmen S.S.R., operated satis- 
factorily, and Soyuzkali, the potash indus- 
try’s all-union enterprise, decided to build 
a 440,000-ton-per-year plant. The tailings 
lake of the Stebnik potassium plant in the 
Ukraine broke through its dam and pollut- 
ed the Dneister River in September. This 
plant processes both langbeinite and 
kainite. 
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United Kingdom.—Cleveland Potash Ltd. 
announced a profitable first half of the 
year, a first for this troubled mine. The 
company also developed a straight line 
conveyor passage in the salt layer below the 
potash zone to bring ore directly from the 
working face to the shaft. The miners were 
allowed to ride this conveyor belt to and 
from the working face area. 


TECHNOLOGY 


PCS began a development program to 
increase the underground recovery rate of 
the Canadian ore bodies by returning the 
potash plant tailings to the mine galleries.” 
The stowed tailings apparently become load 
bearing as the overburden pressure forces 
ore zone subsidence to about 60% of original 
gallery height. A portion of the previous 


support pillars can then be mined. 


1Physical scientist, Division of Industrial Minerals. 

“Taylor, W. E. G., and M. Butcher. Total Extraction 
Mining. Paper in Potash '83. Potash Technology: Mining, 
Processing, Maintenance, Transportation, Occupational 
Health and Safety, Environment, ed. by R. M. McKercher 
(1st Int. Potash echnol. Conf., Saskatoon, Saskatchewan, 
Canada, Oct. 3-5, 1983). Pergamon Press, New York, NY, 
1983, pp. 85-90. 


Pumice and Pumicite 


By Arthur C. Meisinger' 


Production of pumice and pumicite by 
domestic producers in 1983 increased 8% to 
449,000 short tons and 20% in value to $4.5 
. million. Pumice imported for consumption 
increased 52%, and U.S. apparent consump- 
tion increased 18%. Estimated world pro- 
. duction declined 7% to 11.8 million tons. 

Domestic Data Coverage.—Domestic pro- 
duction data for pumice and pumicite were 


developed by the Bureau of Mines from one 
voluntary survey of U.S. operations. Of the 
22 operations to which a survey request was 
sent, 20, or 91%, responded, representing 
99% of total production data shown in table 
1. Production for the two nonrespondents 
was estimated using reported prior year 
production levels adjusted by trends in em- 
ployment and other guidelines. 


Table 1.—Salient pumice and pumicite statistics 
(Thousand short tons and thousand dollars unless otherwise specified) 


1979 1980 1981 1982 1988 

United States: Sold = used by producers: 
Pumice and pumicite_._——--------------------—— 1,172 499 416 449 
Value (f.o. "mine and/or mu). oo. $4,864 $4,587 $4,311 $3,750 $4,486 
verage value Dion oi ee e A wer? $7. e vr wë ve 
Importa for consumplign ~~~~~~~~=~=777-====7- 62 194 92 121 184 

nt consumption’ EEN 1,232 590 536 
World: uction, pumice and related volcanic materials .. _ _ 115,249 Fig 306 18,308 12,707 °11,766 
1Quantity sold or used, plus imports, minus exports. 


DOMESTIC PRODUCTION 


Pumice and pumicite production by do- 
mestic producers increased 8% in quantity 
and 20% in value. Twenty-one companies 
operated twenty-two mines in 8 States, of 
which 4 States—California, Idaho, New 
Mexico, and Oregon—accounted for 97% of 
total U.S. production. 

Principal domestic producers were Amer- 
ican Pumice Products Inc., Littlelake, CA; 
Tionesta Aggregates Co., Tulelake, CA; Am- 


cor Inc., Idaho Falls, ID; Hess Pumice Prod- 
ucts, Malad City, ID; General Pumice Corp., 
Espanola, NM; Copar Pumice Co. Inc., San- 
ta Fe, NM; Central Oregon Pumice Co., 
Bend, OR; and Cascade Pumice Co., Bend, 
OR. Together, these eight companies ac- 
counted for 90% of the tonnage and 67% of 
the value of total U.S. Ltr of pumice 
and pumicite. 
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Table 2.—Pumice and pumicite sold and used by producers in the United States, by State 
(Thousand short tons and thousand dollars). 


State 


1982 1983 

Quantity Value Quantity Value 
ge 1 7 2 15 
Ge 59 1,285 65 1,582 
p: W W W 
DINAR 97 809 110 1,070 
EE 1 W W 
ATO toes W W W W 
MEER 258 1,649 271 1,819 
ENTER 416 3,750 449 4,486 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 


1Includes Hawaii, Idaho, and States indicated by symbol W. 


CONSUMPTION AND USES 


U.S. apparent consumption was 632,000 
tons, an increase of 18% over that of 1982. 
Pumice and pumicite produced for domestic 
use as concrete aggregate and admixture 
declined 26%. This was attributed mostly to 


several aggregate producers switching to 
building block production, a higher value 
product, during the year. As a result, deco- 
rative building block use increased 90%, to 
200,000 tons. 


Table 3.—Pumice and pumicite sold and used by producers in the United States, by use 
(Thousand short tons and thousand dollars) 


Use 


Abrasives (includes cleaning and scouring GE SEN 
aggregate 


Concrete ure and concrete aggregate __________ 

Decorative building block `... 

Landscaping ----------------------------— 

A AAA 
Total 


1982 1983 

Quantity Value Quantity Value 
EE 19 479 15 446 
EECH 254 1,199 189 1,195 
EE 105 1,340 200 2,131 
ve ei br 18 100 9 84 
CR T25 1632 36 630 
a 416 3,750 449 4,486 


"Revised. 
!Includes heat-or-cold insulating medium, pesticide carriers, road construction material, roofing granules, and 


miscellaneous uses. 


PRICES 


Prices quoted in Chemical Marketing Re- 
porter at yearend, for domestic grades of 
pumice bagged in 1-ton lots, were $175 to 
$205 per ton for fine, $225 per ton for me- 
dium, and $200 per ton for coarse and 2- 
extra coarse. Yearend quoted prices on 
imported (Italian) pumice, f.o.b. east coast, 
bagged in 1-ton lots, increased to $259 per 
ton for fine, $325 per ton for medium, and 
$250 to $300 per ton for coarse. Crude or un- 
manufactured Italian pumice was import- 


ed at a customs-declared average value of 
$166.05 per ton, an increase of 22% over 
that of 1982. 

The average value, f.o.b. mine or mill, for 
pumice and pumicite sold and used by 
domestic producers increased by 11% to 
$9.99 per ton. The average customs declared 
value of pumice imported from Greece for 
use in concrete masonry products increased 
10% to $6.35 per ton. 


FOREIGN TRADE 


Pumice imported for consumption, nearly 
all from Greece, increased by 52%. Imports 
from Greece totaled 183,737 tons, of which 


99% was used to produce concrete masonry 
products. 


PUMICE AND PUMICITE 
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Table 4.—U.S. imports of pumice for consumption, by class and country 


For use in the 


Crude or Wholly or partly manufacture f Manu- 
unmanufactured manufactured of concrete masonry ns.pf 
Country products bens 
Quantity Value Quantity Value Quantity Value Value 
(short (thou- (short (thou- (short (thou- (thou- 
tons) sands) tons) sands) tons) sands) sands) 
1982: 
Greece ----ooo ooo. 2,368 zum SS 118,178 T$681 sa 
AAA 442 60 r58 $7 Re DS $24 
Mexico_____________ 4 4 NN SE ae Se? 2 
Other! .—— s 73 4 T] r6 1 1 FT] 
Total sonas 2,887 102 r59 r13 118,174 T682 T103 
1983: 
Greece _ 2,262 31 EE a 181,475 1,150 NOS 
Iceland ___________ _ 158 27 m E Se m Me 
Italy _.____________ 271 45 2 2 PR os 27 
Medien. Ga H UR AE 123 4 are 
Other?_____________ 8 10 6 10 Lac x: 79 
Total enm 2,699 113 8 12 181,598 1,154 106 


"Revised. 
1Includes Austria, Canada, Denmark, France, the Federal Republic of Germany, Japan, the Netherlands, Taiwan, and 


the United Kingdom. 


“Includes Austria, Canada, Denmark, France, the Federal Republic of Germany, Japan, the Republic of Korea, 


Switzerland, Taiwan, and the United Kingdom. 


WORLD REVIEW 


World production of pumice and related 
volcanic materials declined for the second 
year to an estimated 11.8 million tons. The 
combined production of Greece and Italy 


accounted for 73% of the world's total. 


1Industry economist, Division of Industrial Minerals. 


Table 5.—Pumice and related volcanic materials: World production, by country: 


(Thousand short tons) 
Country? 1979 1980 1981 1982” 1983* 
APgeHUnA" Ll ol ee tuf Li e Ee. 51 40 56 59 60 
Austria: Trass _ - - —-----------------—---------—- 9 9 9 ll 12 
Cape Verde Islands: Pozzolan® ~- -- ------------------ T7 Bui E r1] 11 
Chile: P Il ce Ue eet T243 275 306 190 200 
Costa Rica’ 2222.09 ee 1 1 1 *2 2 
Dominica: Pumice and volcanic ash® _________________ 120 120 120 120 120 
France: Pozzolanandlapili. ooo. r616 r513 r e500 r €500 440 
Germany, Federal Republic of: 
Pumice (marketable) _ — - - - - -- - - - - -- --- - - --- - —— 1,579 890 440 r €240 165 
PA. A rs 215 €220 €220 2220 NA 
Greece: * 
att, E 1,368 1,609 1,634 “1,650 1,650 
POHOAN == et a ee a a 1,041 1,024 684 690 690 
Guadeloupe: Pozzolan®_-_——-------------------—- 220 215 265 265 265 
Guatemala 
Púmice ota o ls 20 e20 e17 r e13 13 
Volcanic aah... 140 14 6 r e4 4 
Iceland ue a 27 40 37 96 95 
Italy: 
Pumice and pumiceous lapilli __ — - —- - ------------—- €940 1629 r e660 *825 770 
Ponolan A LL LL LL df 6,500 45,684 6,600 6, 100 5,500 
Martinique: Pumice --------------------------- 183 169 172 r 6170 165 
New Zealand... 2-222-222-2222 2222222-2- 28 15 37 55 55 
Spain’ E 859 1,198 1,084 1,070 1,100 
nited States (sold or used by producers)- --_---------- 1,172 543 499 416 449 
Total a a 115,249 "13,305 13,308 12,707 11,766 
Estimated. Preliminary. "Revised. NA Not available. 
1Table includes data available through Apr. 9, 1984. 
2Pumice and related volcanic materials are also produced in a number of other countries, including (but not limited to) 


Iran, Japan, Mexico, Turkey, and the U.S.S.R., but output is not reported quantitatively, and avai 


le information is 


inadequate for the formulation of reliable estimates of output levels. 


*Re 


„Repo figure. 
Includes Canary Islands. 


Unspecified volcanic materials produced mainly for use in construction products. 
rted 
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Rare-Earth Minerals and 
Metals 


By James B. Hedrick! 


Associated Minerals Ltd. Inc. (AMC) and 
Molycorp Inc., a subsidiary of Unocal Corp. 
(previously Union Oil Co. of California), 
were the only domestic mine producers of 
rare-earth minerals. Molycorp; W. R. Grace 
& Co.’s Davison Chemical Div.; Research 
Chemicals, a division of NUCOR Corp.; and 
Rhóne-Poulenc Inc. were the principal proc- 
essors of rare earths in the United States. 
Major end uses were in petroleum catalysis, 
metallurgical applications, and glass polish- 
ing. 

Domestic Data Coverage.—Domestic 
mine production data for rare earths are 
developed by the Bureau of Mines from a 


voluntary survey of U.S. operations. This is 
the Rare Earths and Thorium survey. Both 
of the mines to which a survey request was 
sent responded, representing 100% of total 
production. Production data are withheld to 
avoid disclosing company proprietary data. 

Legislation and Government Pro- 
grams.—Lower U.S. import duties for im- 
ported rare earths, resulting from the 1979 
Tokyo Round of negotiations, continued for 
nations having most-favored-nation status. 
The import duties for these countries were 
scheduled to decline annually through Jan- 
uary 1, 1987. | 


Table 1.—Salient U.S. rare earth statistics 
(Metric tons of rare-earth oxides (REO) unless otherwise specified) 


1979 1980 1981 1982 1983 

Production of rare-earth concentrates! ________________ 16,515 15,986 17,082 17,501 17,083 
Exports:* 

Ore and concentrate ___________________~______ 4,334 4,741 5,056 2,565 2,684 

Ferrocerium and pyrophoric alloys oc See ee 34 14 9 22 59 
Imports for consumption: 

Monazite EE 3,458 2,831 4,108 3,962 2,215 

Metals, alloys, oxides, compounds |... 1,004 1,624 1,631 71,695 1,857 
Shipments from Government stockpile ________________ 1,100 1,257 802 364 de 
Stocks, producers and processors, yearend ______________ W W W 
Consumption, apparent- ooo 16,000 18,100 20,000 17,100 19,600 
Prices, yearend, dollars per kilogram: 

Bastnasite concentrate, REO basis______.__________ $1.98 $1.98 $2.14 $2.31 $2.14 

Monazite concentrate, REO basis ________________ _ $0.76 $0.81 $0.83 $0.75 $0.71 

Mischmetal, metal basis ____________-______ $9.26 $12.35 $12.35 $12.35 $12.35 
Employment, mine and mill*?__________________ 325 250 275 303 266 
Net import reliance® ? as a percent of apparent consumption __ 7 11 14 E(4) 12 


“Estimated. 


"Revised. W Withheld to avoid disclosing company proprietary data. 


1Comprises only the rare earths derived from bastnasite, as reported in Molycorp Inc. company annual report. 
"Employment at a rare-earth mine in California and at minerals sands operations in Florida and Georgia. The latter 
mines produced monazite concentrate as a byproduct of mining rutile, ilmenite, and zircon, and employees were not 


assigned to specific commodities. 


3Imports minus exports plus adjustments for Government and industry stock changes. 


“Increase in industry stocks exceeded net imports. 
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DOMESTIC PRODUCTION 


Domestic production did not change sig- 
nificantly in 1983, as low demand for iron 
and steel alloying agents was offset by 
increased demand for permanent magnet 
alloys and petroleum catalysts. Bastnasite 
was the major domestic ore of rare earths. 
The only other rare-earth ore produced 
domestically was monazite. Molycorp, the 
only U.S. producer of bastnasite, operated a 
mine at Mountain Pass, CA. AMC, the only 
domestic producer of monazite, operated a 
placer mine at Green Cove Springs, FL, to 
recover monazite as a byproduct of minerals 
sands mined for titanium and zirconium 
minerals. 

Marathon Gold Corp. announced that it 
would recover monazite as a byproduct of 
its placer gold mining deposits near Craig, 
CO, starting in 1985. The minerals sands 
reportedly contain from 7.5 to 20 kilograms 


of heavy minerals per ton,? of which 5% to 
21% is monazite. Marathon was reportedly 
negotiating with domestic rare-earth proc- 
essors for the sale of its monazite concen- 
trates. 

Williams Strategic Metals (WSM), a sub- 
sidiary of Williams Resources Inc., an- 
nounced plans to recover rare earth- and 
thorium-bearing apatite from 16 million 
tons of iron ore tailings near Mineville, NY. 
The Mineville Mine and facilities were 
purchased from Republic Steel Corp., which 
operated the iron mine until 1971. WSM 
reportedly expected to begin processing in 
1985 at an annual rate of 90,000 tons of iron 
ore tailings, which would yield about 1,000 
tons of rare-earth oxides (REO). WSM would 
produce magnetite and yttrium, including 
rare earths, as coproducts, and phosphoric 
acid as a byproduct. 


CONSUMPTION AND USES 


Domestic rare-earth processors consumed 
an estimated 19,200 metric tons of REO in 
various forms in 1983, a 4% increase above 
the 18,500 tons of REO consumed in 1982. 
Bastnasite consumption was 14% higher in 
1983 than in 1982, but consumption of 
monazite decreased 31%. 

Shipments of rare-earth products from 
domestic processors amounted to 16,900 
tons of contained REO, an increase over the 
15,200 tons of contained REO shipped in 
1982. 

The approximate distribution of rare 
earths by end use, based on information 
supplied by primary processors and some 
consumers, was as follows: petroleum cata- 
lysts, 65%; metallurgical uses (including 
iron and steel additives, alloys, and misch- 
metal), 20%; ceramics and glass (including 
polishing compounds and glass additives), 
12%; and miscellaneous (including phos- 
phors, electronics, nuclear energy, lighting, 
and research), 3%. 

Consumption of mixed rare-earth com- 
pounds in 1983 decreased 36% below the 
1982 level, while consumption of purified 
rare-earth compounds was 52% higher. 
Strong demand for samarium oxide for use 
in permanent magnets, europium and yttri- 
um oxides for use in phosphors, and the new 
uses of neodymium oxide in color television 
faceplates and permanent magnets contrib- 
uted to the higher consumption of purified 
compounds. This trend was expected to 
continue as neodymium oxide's use in the 
high-strength neodymium-iron-boron mag- 


net develops. 

The producers of mischmetal, rare-earth 
silicide, and other rare-earth alloys consum- 
ed 10% more contained REO in 1983 than in 
1982. Although alloy producers consumed 
more rare earths, alloy production remain- 
ed far below historical levels. Shipments of 
rare-earth alloys were 46% lower than 
those of 1982. Consumption of high-purity 
rare-earth metals was 34% higher. 

The glass industry’s principal use of rare 
earths, mainly cerium concentrate or ceri- 
um oxide, was as polishing compounds for 
lenses, mirrors, cut crystal, television and 
other cathode-ray tube faceplates, gem 
stones, and plate glass. Purified rare-earth 
compounds were also used as additives to 
glass used in containers, television and 
cathode-ray tube faceplates, radiation- 
shielding windows, tableware, crystal and 
leaded stemware, opthalmic lenses, welder’s 
safety lenses, decorative glass, lasers, incan- 
descent and fluorescent lights, and optical, 
photochromic, filter, and photographic 
lenses. These rare-earth additives acted as 
colorants, color correctors, and decolorizers, 
as stabilizers against discoloration from ul- 
traviolet light and against browning caused 
by high-energy radiation, as dopants in 
laser glass, as modifiers to increase re- 
fractive indices and decrease dispersion, 
and as absorbers of ultraviolet and visible 
light. 

Phosphors containing rare earths were 
used in color television tubes, radar screens, 
avionic and data displays, X-ray intensify- 
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ing screens, low- and high-pressure mercury 
vapor lights, electronic thermometers, and 
trichromatic fluorescent lamps. 

The ceramics industry used purified rare 
earths in pigments, heating elements, di- 
electric and conductive ceramics, thermal 
and/or flash protective devices, stereoview- 
ing systems, data printers, welder’s elec- 
tronic safety goggles, image storage devices, 
and as principal constituents and stabilizers 
in high temperature ceramics, glazes, and 
paints. 

Purified rare-earth compounds also had 
applications in petroleum cracking cata- 
lysts, noncracking catalysts, oxygen-sensing 
electrolytes, computer bubble domain mem- 
ories, substrates for bubble domain memo- 
ries, dyes and softeners for textiles, elec- 
tronic components, nuclear control rods, 
nuclear fuel reprocessing, microwave appli- 
cations, incandescent gas mantles, lasers, 
fiber optics, carbon arc lighting, fertilizers, 


715 


and synthetic gem stones. 

Rare earth permanent magnets were 
used in electric motors, alternators, genera- 
tors, line printers, computer disk-drive ac- 
tuators, proton linear accelerators, earring 
and necklace clasps, medical and dental 
applications, traveling wave tubes, drill bit 
salvage, metallic separators, aerospace ap- 
plications, and in speakers, headphones, 
microphones, and tape drives. 

Metallurgical applications of rare earths 
included alloys and additives in high- 
strength low-alloy steels, gray and ductile 
iron, stainless and carbon steels, high tem- 
perature and corrosion-resistant metals, 
low temperature refrigerants, hydrogen 
storage alloys, lighter flints, armaments, 
permanent magnets, neutron convertor 
foils, special lead fuses, target materials for 
sealed-tube neutron generators, and high- 
voltage transmission cable. 


STOCKS 


U.S. Government stocks of rare earths in 
the National Defense Stockpile, all classi- 
fied as excess inventory, increased from 443 
tons at yearend 1982 to 457 tons at yearend 
1983 as a result of inventory adjustments. 
Additional unshipped stocks of rare-earth 
materials previously sold from the stockpile 
decreased from 435 tons at yearend 1982 to 
419 tons at yearend 1983, also as a result of 
inventory adjustments. All rare-earth 
stocks held in the stockpile were contained 
in sodium sulfate and were inventoried on a 
contained-REO basis. 

Industry stocks of rare earths in all forms 
held by 22 producing, processing, and con- 
suming companies decreased 8%. Bastna- 


site concentrate stocks held by the principal 
producer and two other processors decreas- 
ed about 27%. Yearend inventories of mon- 
azite and other rare-earth concentrates also 
decreased. 

Stocks of mixed rare-earth compounds 
and purified compounds increased during 
the year. Yearend stocks of contained REO 
equivalent in mischmetal, rare-earth sili- 
cide, and alloys containing rare earths 
decreased 27% as a result of weak demand 
for mischmetal and associated cutbacks in 
production. Inventories of high-purity rare- 
earth metals also decreased, but as a result 
of strong demand, primarily for magnet 
alloys. 


PRICES 


The price of Australian monazite (mini- 
mum 55% rare-earth oxides including tho- 
ria, f.o.b./f.i.d.),? as quoted in Metal Bulletin 
(London), increased from $A400-$A440 per 
ton at yearend 1982 to $A410-$A450 per ton 
by yearend 1983. However, changes in the 
foreign exchange rate caused the corre- 
sponding U.S. dollar price to decrease, from 
US$392-US$432 in 19821 to US$369-US$405 
in 1983.5 

Yearend prices quoted in Industrial Min- 
erals (London) for yttrium concentrate (60% 
Zb, Lob Malaysia) were $46 per kilo- 
gram. 

Prices quoted by Molycorp for unleached, 
leached, and calcined bastnasite, containing 


60%, 70%, and 85% REO, decreased from 
$1.00, $1.05, and $1.25 per pound of contain- 
ed REO at yearend 1982 to $0.92, $0.97, and 
$1.17 per pound of contained REO, respec- 
tively, at yearend 1983. 

The price of cerium concentrate quoted 
by American Metal Market increased from 
$1.30 per pound of contained cerium oxide 
at yearend 1982 to $1.40 per pound of 
contained cerium oxide at yearend 1983. 
Lanthanum concentrate increased from 
$1.08 per pound REO contained at yearend 
1982 to $1.32 per pound REO contained at 
yearend 1983. 

Mischmetal (99.8%, 50 to 100 pound lots, 
f.o.b. Newark, NJ) prices quoted in Ameri- 
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can Metal Market, remained at the yearend 
1980 level of $5.60 per pound throughout 
1981, 1982, and 1983. Rhóne-Poulenc quoted 
rare-earth prices, per kilogram, net 30 days, 
f.o.b. New Brunswick, NJ, or duty paid at 
point of entry, effective January 1, 1983, as 
follows: 


Product! Percent Quantity Price per 
(oxide) purity (kilograms) kilogram 
Cerium _____ 99.5 20 $20.35 
Erbium ..... 96.0 50 170.00 
Europium. _ _ _ 99.99 20 1,575.00 
Gadolinium. _ _ 99.99 50 136.50 
Lanthanum ` — 99.99 50 17.00 
Praseodymium. 96.0 20 43.40 
Samarium ... 96.0 20 59.50 
Terbium .... 99.9 20 920.00 
Yttrium- .  - 99.99 96.60 


1Dysprosium, holmium, lutetium, thulium, and ytterbi- 
um oxide prices on request. 


Rhéne-Poulenc also quoted prices for rare 
earths produced at its Freeport, TX, plant, 
net 30 days, f.o.b. Freeport, TX, effective 
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Molycorp quoted prices for rare-earth ox- 
ides, net 30 days, f.o.b. Louviers, CO, Moun- 
tain Pass, CA, or York, PA, effective August 
1, 1983, as follows: 


Product Percent} Quantity Price per 
(oxide) purity (pounds) poun 
Cerium ..... 99.9 1-199 $8.75 
Europium- _ _ — 99.99 1-39 65.00 
Gadolinium_ _ _ 99.99 1-24 125.00 
Lanthanum ` 99.99 1-299 1.50 
Neodymium ` — 99.99 1-49 60.00 
Praseodymium. 95.0 1-299 17.50 
JX Samarium ... 95.0 1-109 30.00 
Terbium .... 99.99 1-49 515.00 
Yttrium_____ 99.99 1-49 47.00 


1Purity expressed as percent of total REO. 


Nominal prices for various rare-earth 
products were quoted by Research Chemi- 
cals, net 30 days, (ob Phoenix, AZ, effec- 
tive October 1, 1982, and throughout 1983, 
as follows: 


Aal 2 
January 1, 1983, as follows: Element le ee 
kilogram kilogram 
Product Percent Quantity Price! per Cerium ----------------- $20 $125 
: ! . Dysprosium. ------------—- 110 300 
(compound) purity (kilograms) kilogram Erbium Mot ke UE 200 a 650 
; uropium- -------------—- 1; : 
Cerium . Gadclinium uei EE 140 485 
hydroxide . — 99.5 540 $13.10 Holmium 650 1.600 
Cerium nitrate. 99.5 Truckload 10.80 ranthanum.. . . 19 125 
Cerium oxide- - 99.5 540 15.85 Lutetium _______________- 5,200 14,200 
Lanthanum- Neodymium EE 80 260 
neodymium Truckload Praseodymium 130 310 
nitrate _ - - - 98 bulk 3.85 Samarium _______________ 130 330 
Neodymium Terbium_________________ 1,200 2,800 
carbonate __ 95 540 630 Thulium |... 3,400 8,000 
Neodymium Ytterbium ______________- 225 875 
oxide _____ 95 940 T.30 vtrum. 2—2 94 430 
‘Priced on a contained REO basis. ! Minimum 99.992 purity, 1- to 20-kilogram quantities. 
2Ingot form, 1 to 5 kilograms, from 99.9% grade oxides. 
FOREIGN TRADE 


Exports of ferrocerium and other pyro- 
phoric alloys containing rare earths totaled 
66,174 kilograms, a 171% increase over the 
1982 level. Major destinations were the 
Federal Republic of Germany (43%), Mexico 
(34%), and Japan (15%). 

. Exports of rare-earth metal ores, exclud- 
ing monazite, increased 5% over the 1982 
total of 4,836,389 kilograms to a total of 
5,101,583 kilograms in 1983. Exports were 


valued at $9,762,869. Major destinations 
were Japan (63%), Austria (10%), and the 
Federal Republic of Germany (8%). 

Exports of thorium ore, including mona- 
zite, decreased 38%. France was the desti- 
nation of all of the reported total of 57,139 
kilograms valued at $51,678. 

Australia has been the principal import 
source of monazite for the United States 
since 1977. | 


717 


RARE-EARTH MINERALS AND METALS 


'SBUBYI [BOIWIIY [erjue3sqns a4[0AUt 383 Sessedoid [eorureqo Aq pa3813ueouoo S[Vl19} BW sapn[ou; 
'e3ueuo [ENUY [ETJUEJSQNS SAJOAUI JOU op 3813 SASSIDOLA peorueuoeur JO [BoIsAYd 19470 Aq A0 ‘SUTYSBA 'uorjejop 'Surqsnao Aq peje13jueouoo 10 apni, 


ee 


z (S981JUAYUOD 


"WdIO[BA PB 250g UloJO[8A p? 250g WIOLA PB 25G WIOLA PB %6'S Ul9JO[UA PB WEY UNI1)JÁ sepn[out) s[eoruigqo orues.rou] 04809 
'UI9JO0[8A 'UI9JO[8A 'UI9JO[UA 
pe 259'c snid pe 256€ snid pe 25g y snid 'SÁo|[e 
OQ 777777 op 777 punod aod eua ZZ punod iad sue ZE punod sad ee 9g 2110ydoJÁd 19430 pue WNI GE'SCL 
'UI9.0[8A 'UI9JO[UA 'UI9JO[UA 
'UI9JO[8A PB %CZ 'UI9JO[8A PB %GZ pe %Fz snyd p? %8'g snyd p? 252 y snid 'S[839U0 q1.189-318J 
sn¡d punod ad z$ sn[d punod sad z$ punod sad s3uoo oz punod Jad sjuoo [¢ punod sad sjueo ag JO Á[[OYA 3souu[e 40 Á[[OQA SÁO[[8 19130 6,289 
'punod 'punod 'punod - (Tuy stu) s[639ui1 yy 189 
'punod sad z$ --- punod ied z$ Jod $]U99 Zg 13d s1ue» ge Jod s1uoo [p -318.1 jo Á[[OqA JSOUITS 10 AT[OYM SÁO[[V 8L'Z£9 
(unt pug 
SEI es A 2; AE at op ^ | op h— OPS wunipugos ZUIPN OU!) S[639UI (118-94 8)] 86 669 
'UIoJO[8A PB 25Gc Z UWalO[BA PB 925Gc - WIOLA PB %)' -= WOVA PB %Z'p " WOVA pe %p y 9pIXo WNI 3deoxo SIPIXO YI189-318Y 0£00°&ZF 
‘Wd1O[BA PB %GE Z Ul8JO[8UA p? WGE ^ WOLA p? %Z'L WIOLA PB WO] WBIO[BA PB BWI -- spunoduioo ‘aptxo 'eprio[qo umu) PP SIP ‘CPSP ‘OF SIF 
CA -7777S aaid | -777777 aaid | aaid | ^ - 39.4 = | tO} BAPUBOUOD PUB 31) Cp 109 'eU 109 
P86I “TUBE €861 ‘T uef L861 '|'uef P86I 1 uer €861 “1 uer 
uio) ‘ON SASL 
NAW-UON (NAW) uorjeu p310A8] 380]A 


SYJ189 218.1 10J Sannp yodu *S*()—*Z 9Iq*91 


718 MINERALS YEARBOOK, 1983 


Table 3.—U.S. imports for consumption of monazite, by country 


1979 1980 1981 1982 1983 
Country KR i H pres Moin prede RC pres Mes poen value 
. (thou- . (thou- . (thou- . (thou- . (thou- 
pees sands) Ee sands) piens sands) pie sands) podre sands) 
Australia _____ 5,686 $1,501 4933 $1,749 1,469 $3,158 6,600 $2,830 3,726 $1,395 
Malaysia |... 561 161 215 01 Sg aie 603 240 302 122 
South Africa, Re- 
public of |... 3 2 nc "m Lc e e So  — E 
Thailand ..... 37 13 = mi. ER t x. Ls S Se 
Total. ____-- 6,287 1,677 5,148 1,850 7,469 3,158 7,203 3,070 4,028 1,517 
REO content? _ _ 3,458 XX 2,831 XX 4,108 XX 3,962 XX 2,215 XX 
“Estimated. XX Not applicable. 
Table 4.—U.S. imports for consumption of rare earths, by country 
1981 1982 1983 
Country Quantity Quantity Quantity 
(kilo- Value (kilo- Value (kilo- Value 
grams) grams) grams) 
Cerium oxide: 

UBA fant rl t Bie E Xx E ae SR 68 $674 
Belgium ucc it Ros ais Do mon Se KA 18,120 6,504 
Francè se ee oh eA e car. 1,450 $51,644 26,239 $72,912 6,239 18,136 
Germany, Federal Republic of ______.-_ " ae 7 1,727 2 381 
DCH TEE SE es Xu s 835 1,692 
Switzerland... a oak — m 3 335 
United Kingdom `. 127 1,068 ae os 50 536 

Total p EET 7,577 52,712 26,246 14,639 25,317 94,258 
Rare-earth oxide excluding cerium oxide: 
TEE 100 1,339 35 La a Mi? 
Belgium ______________________ 4,097 466,781 AC m 55 25,906 
Brazil o is eL ee eir cum NA 299 300 27,235 54,999 575,850 
TE, EE 1 950 Ne SE 100 128,611 
El EE DM sd 1,300 71,168 19,575 450,033 
France AA A 147,256 8,169,455 140,020 7,141,420 206,345 9,393,632 
Germany, Federal Republic of, 10,808 1,947,385 17,116 2,258,871 702 91,953 
Guyana- a zu 38 19,543 EL Det 
Haly! os conu ut p Se eae » = t UE 22,640 10,466 
Japahusc sso m ncc neci nu 14,736 1,154,744 10,292 1,221,724 10,983 585,262 
Malaysia- cta ee ss Ser ae e SE 273,597 251,022 
Netherlands. ___________________ xor 50 26,269 i "T 
Norway uius crusta ee s iE aee 3,984 419,193 4,110 517,124 1,128 118,143 
Switzerland ____________________ ae "" 6 3,180 5 4,190 
Taiwan ea tas a rs 2d Sex — 500 31,184 
USSR o cc oe ur LU LE 11,728 895,932 10,746 1,143,593 12,657 1,237,136 
United Kingdom ________________ _ 3,443 121,927 8,316 79,889 31 6,196 
OLA ee as dot 196,153 13,178,005 192,954 12,510,022 609,317 13,670,784 
Rare-earth alloys:? 
Austria cu c O e a be Lal e 17,500 161,506 — WE 
ek, 2 uo EE 179,998 1,518,469 40,000 312,758 65,147 451,419 
France A A ret. 37 833 Ex ii Sieg Se 
Germany, Federal Republic of _________ 950 8,157 4,858 44,531 9,870 143,328 
United Kingdom ________________~- 555 123,503 769 139,542 237 41,038 
47 EE 181,540 1,650,962 63,127 658,337 15,254 641,785 
Rare-earth metals, and scandium and 
yttrium 
A AAA eee BR ete 2,100 52,068 EH wees 
France ono oe gs BO eo 200 11,568 500 14,984 50 1,805 
Germany, Federal Republic of ________~_ 15 1,415 em ER a CH 
Japi- —-—-———— E E 3 9,329 550 47,483 81 12,679 
PEA AA A 1,000 34,638 ee Béi 300 70,500 
United Kingdom |... _ 483 110,940 68 24,394 370 97,258 
Total EE 1,701 167,890 3,218 138,929 801 182,242 


See footnotes at end of table. 
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Table 4.—U.S. imports for consumption of rare earths, by country —Continued 


1981 1982 1983 
Count Quantity Quantity Quantity 
SES kilo- Value (kilo- Value (kilo- Value 
grams) grams) grams) 
Other rare-earth metals: 

Germany, Federal Republic of |... 168 $10,848 6 $928 46 $5,524 
SIE es SEN 45 2,233 422 8,237 
United Kingdom _________________ 25 2,874 Ges SS 5 359 

Toal eres on rca 193 13,722 51 3,161 413 — 14120 

Ferrocerium and other pyrophoric alloys 

HEES 840 13,314 2,367 33,340 953 13,430 
EE 6,725 102,818 14,954 212,450 28,839 396,715 
France noe Lr EL oe 50,443 145,169 47,968 571,079 54,321 576,549 
Germany, Federal Republic of... 100 1,854 462 7,266 Se Ge 
E Ee SE EN NO 6 286 E ox ET 
ANN EE 23,141 332,133 19,375 251,589 13,190 176,108 
Sweden_______________________ cot ele SE Re 6,694 7,816 
Taiwani- EE Ge ere TN "E 91 41 
United Kingdom |... 1,310 53,287 606 10,163 608 14,288 

Total o ous oin da er dolia s 83,159 1,249,175 85,738 1,092,173 104,696 1,185,316 

NA Not available. 
! Essentially all mischmetal. 
WORLD REVIEW 


Bastnasite, the world's principal source of 
rare earths, was mined as a primary prod- 
uct in the United States and as a byproduct 
of iron ore mining in China. Significant 
quantities of rare earths were also recover- 
ed from monazite, a byproduct of minerals 
sands mined for titanium and zirconium in 
several countries, and for tin in Malaysia 
and Thailand. Small quantities of rare 
earths were also obtained from an yttrium- 
rich minerals sands byproduct, xenotime. 

Australia.—Allied Eneabba Ltd. produc- 
ed 10,429 tons of monazite in 1983, an 


increase over the 5,693 tons produced in ' 


1982. During the year, Allied acquired the 
assets of its mining contractors, Astek Pty. 
Ltd., through its wholly owned subsidiary, 
Indoon Resources Pty. Ltd. 

Figures for identified resources for Aus- 
tralian monazite were updated. Economic 
demonstrated resources of monazite were 
329,300 tons, with additional subeconomic 
resources of 105,800 tons. Inferred economic 
and subeconomic resources were 2,360 tons 
and 36,700 tons, respectively.* 

Brazil.—Production of various rare-earth 
materials, in kilograms, was as follows: 


Year Carbonate Chloride Oxide 
1978 ________ 7,000 2,799,000 21,000 
1979 ________ 14,000 2,725,000 16,000 
1980 | |. .. 5,150 2,071,456 11,716 
1981 se er 5,550 1,910,100 21,605 
1982 _______ 1,500 1,882,700 54,100 


Production of crude monazite ore in 1982 
was 200 tons from the State of Espirito 
Santo and 1,767 tons from the State of Rio 
de Janeiro. 

According to Anuario Mineral Brasileiro 
1983, measured reserves of monazite were 
25,086 tons with a REO content of 15,017 
tons. The largest reserves were located in 
the Sao Joao da Barra region in the State of 
Rio de Janeiro. Additional rare-earth re- 
sources were obtained in clay-like ore in the 
Pocos de Caldas region. The deposit was 
estimated to contain 1 million tons of ore 
grading 4% REO in a surface zone and an 
additional 500,000 tons grading 1.5 tons of 
2% REO in a lower zone.’ 

Canada.—lIron Ore Co. of Canada contin- 
ued preliminary feasibility studies on the 
Strange Lake yttrium-beryllium-zirconium 
deposit northeast of Schefferville, Quebec. 
Further studies were planned for 1984. 

China.—Exports of monazite from China 
increased from 1,000 tons valued at $75,000 
in 1981 to 11,520 tons valued at $719,000 in 
1982. France received all of the reported 
monazite exports. Monazite was reportedly 
being produced in Guangxi and in Guang- 
dong. Strict Chinese national standards for 
radioactive materials made the handling of 
monazite increasingly difficult. As a result, 
Chinese monazite was often converted to 
rare-earth chloride and the radioactive tho- 
rium extracted.’ 

Deposits of rare earths in clays were 
reported in Guangxi.? The new ore is either 
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rich in samarium, europium, and terbium 
or rich in yttrium. The cerium content, 
however, is reportedly very low, unlike 
bastnasite and monazite. It was considered 
likely that the rare-earth clay is a residual 
enrichment product of the weathering of 
phosphatic minerals, such as apatite and 
xenotime. Hydrometallurgical processing of 
the clay reportedly produced concentrates 
containing more than 90% REO. 

A review of the rare-earth industry in 
China from 1949 to the present was publish- 
ed by a group of authors from the Yao Long 
Chemical Plant, Shanghai, China. Analyses 
of various Chinese rare-earth ores and con- 
centrates and a flowsheet of the Yao Long 
Chemical Plant were given.!? 

France.—Pechiney S.A.’s subsidiary, So- 
ciété Francaise d’Electrometallurgic (So- 
frem), was reportedly producing samarium 
metal from samarium oxide materials ob- 
tained from the French rare-earth proces- 
. sor, Rhóne-Poulenc S.A. Sofrem's capacity 
was about 500 kilograms of samarium metal 
per month. 

Rhóne-Poulenc of France, and Showa 
Denko K.K., of Japan, announced a joint 
venture to develop new applications for rare 
earths. Showa Denko, which had no current 
activities in rare earths, would contribute 
its experience in researching fine ceramics, 
metals, monocrystals, and high-purity min- 
eral products.!? 

India.—Decreased production in 1982-8313 
was attributed to severe power shortages 
caused by drought conditions.'* Rare-earth 
chloride production declined from 3,861 
tons in 1981-82 to 3,460 tons in 1982-88, 
while exports of the compound dropped 
from 3,700 tons to 3,600 tons. The United 
States was the principal destination of ex- 
ports. 

Construction work at Indian Rare Earths 
Ltd.’s Orissa Sands Complex was in an 
advar. :ed phase, with completion scheduled 
for mid-1984. Power shortages, labor unrest, 
and late deliveries of equipment caused 
construction delays.’ 

Kerala Minerals & Metals Ltd. announc- 
ed plans to build an additional minerals 
. sands separation plant in Kerala with ca- 
pacity to produce 1,800 tons of monazite per 
year. Completion of the plant is set for 1987. 
Kerala's present capacity to produce mona- 
zite is about 300 tons per year. 

Japan.—Japanese demand for rare earths 
in 1982 was reported as follows:!* cerium 
oxide, 1,500 tons; lanthanum oxide, 180 
tons; europium oxide, 2.5 tons; yttrium ox- 
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ide, 100 tons; catalysts, 140 tons; misch- 
metal, 330 tons; and rare-earth fluoride, 40 
tons. 

About 4,941 tons of rare-earth raw mate- 
rials was imported containing an estimated 
3,048 tons of REO, compared with a revised 
6,497 tons in 1981 containing 4,048 tons of 
REO. Imports for 1982 included 1,584 tons 
of rare-earth chlorides, 1,032 tons of rare- 
earth hydroxides, 1,900 tons of bastnasite 
concentrates, and 30 tons of crude yttrium : 
oxides. 

Imports of rare earths in 1988 were re- 
ported in the Japan Metal Journal, as 
follows: 


tity 
Product As iere 
Cerium fluoride `... 872 
F ocerium and si Se boric alloys II 1,768/084 
errocerium er pyrophoric ae ,763, 

Lanthanum nitrate ----------- ib oe 4,490 
Lanthanum Seng EE EES 115,000 
Rare-earth metals including yytrium and 

scandium _. ~~. ~~~ 2.2- 26,416 
Yttrium oxide _._-..___._________ 110,186 


Principal sources of imported compounds 
were Brazil, China, France, India, and the 
United States. Leading sources of rare- 
earth metals and alloys were Austria, Bra- 
zil, China, and the United States. 

Mitsubishi Steel Manufacturing Co. and 
Mitsubishi ‘Chemical Industries Ltd. an- 
nounced a joint venture company, Dia Rare 
Earth Magnetics K.K., to produce plastic 
magnets by injection molding. The magnets 
are produced from powdered magnetic al- 
loys containing rare earths in a plastic 


. binder. Annual capacity of the production 


facilities, located in Ichikawa City, China 
Prefecture, was 30 tons.!” 
Thailand.—Monazite and xenotime were 
byproducts of tin mining. Production of 
xenotime from Ranong was, as follows:!* 


Quantity 
Year (metric tons) 
Ilb TK" Max 
iro os Sct eee eee ee 6 
yE: A AS 52 
198]. 2 A AAA 45 
TOG AA A eee cREm 46 


The destinatioris of exports in 1982 were 
the Federal Republic of Germany, 50 tons; 
Malaysia, 30 tons; Japan, 26 tons; and 
Singapore, 14 tons. 

Production of monazite was 2 tons at 
Rayong and 160 tons at Ranong. 
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Table 5.—Monazite concentrate: World production, by country! 


(Metric tons) 
Country? 1979 1980 1981 1982” 1983° 

RUSA KEEN 16,340 14,079 13,251 9,433 14,500 
BAZ AAA AAA 1,900 2,532 2,100 71,768 2,000 
Indiae sss ere ult Puc, ss lee rA ad i a Re a 3,254 3,395 3,704 4,000 4,000 
Malaysia (exports) ___________________________- 2 347 320 “450 340 
Lanka ss a e tas ds 213 63 e60 304 300 
d NIT WEE 32 152 107 162 140 
United States `. W W W W W 
| NCMO a E 90 51 50 e50 50 
a ccc cues a re AA 22,371 20,619 19,592 16,167 21,330 

*Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 


1Table includes data available through Apr. 27, 1984. 


2In addition to the countries listed, China, Indonesia, the Republic of Korea, North Korea, and Nigeria may produce 
monazite, but output, if any, is not reported quantitatively, and available general information is inadequate for 


formulation of reliable estimates of output levels. 
3Data are for years beginning Apr. 1 of that stated. 


TECHNOLOGY 


General Motors Corp.; Sumitomo Special 
Metals Co.; Colt Industries, Crucible Mag- 
netic Div.; and IG Technologies Inc. an- 
nounced separately the development of 
high-energy permanent magnets with mag- 
netic strengths exceeding that of samarium- 
cobalt magnets. The new magnets, alloys of 
neodymium, iron, and boron have energy 
products reportedly between 30 and 42.9 
megagauss oesteds (MgOe). As a result of its 
higher strength and lower cost alloying 
materials, the neodymium-iron-boron mag- 
nets may partially replace the best pre- 
viously available magnets, samarium- 
cobalt, which have magnetic energy prod- 
ucts in the range of 16 to 25 MgOe. Ordi- 
nary household magnets (ferrites) have en- 
ergy products around 3 to 4 MgOe. Prices of 
the neodymium-iron-boron magnets were 
expected to be lower than for samarium- 
cobalt magnets— potentially 50% to 75% 
lower. Demand for samarium-cobalt and 
ferrite magnets was expected to be signifi- 
cantly reduced by the new magnets, es- 
pecially in low-temperature applications.!? 

A rare-earth-aluminum-magnesium high- 
voltage transmission line, reportedly pro- 
duced in China, was said to be stronger than 
conventionally produced wire and was re- 
portedly less costly.?° 

Initial tests with fertilizers containing 
rare earths reportedly increased crop yields 
from 5% to 10%. The fertilizers are also 
credited with increasing the latex content of 
rubber trees and with increasing the sugar 
content of watermelons, sugar cane, and 
sugar beets.?! 


The Chinese Academy of Agricultural 
Science developed an instrument using 
samarium-cobalt magnets for retrieving 
metal fragments from the stomachs of cat- 
tle. Use of the instruments reportedly will 
protect livestock from injuries and reduce 
associated costs.?? 

Rare earths permanent magnets were 
also used to salvage broken oil well drill 
bits. The removal of bit fragments reported- 
ly improved subsequent drilling rates and 
increased the service length of the replace- 
ment bit.?* 

Mitsubishi Steel and Mitsubishi Chemical 
jointly developed the technology to produce 
plastic magnets by injection-molding sama- 
rium, cobalt, and other rare-earth metal 
powders that are held in a plastic binder. 
The injection-molded magnets are said to be 
superior in impact resistance, bending 
strength, and tensile strength compared 
with sintered magnets. The injection- 
process can also produce complex shapes 
with higher precision and less cost than 
previous methods.*4 

A laser material was developed in the 
U.S.S.R having 3-1/2 times the efficiency of 
an equivalent commercially available neo- 
dymium-doped ` yttrium-aluminum-garnet 
(YAG) laser. The new high-efficiency laser 
material is chromium-neodymium-doped 
gadolinium-scandium-gallium-garnet. De- 
velopment of this laser may have been 
responsible for recent shortages of scan- 
dium from the U.S.S.R.2s 

The Los Alamos National Laboratory, the 
American Iron and Steel Institute, and the 
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U.S. Department of Energy developed an 
analytical system that uses a commercially 
available neodymium-doped YAG laser. In- 
tense bursts of light from the laser reduce 
materials to their elemental components, 
generating the characteristic atomic spec- 
tra that can be analyzed rapidly. Research- 
ers hoped to apply this laser-induced 
breakdown spectroscopy to the analysis of 
molten steel for trace elements while it is 
still in the ladle. The new technique report- 
edly could save millions of dollars in energy 
by quickly analyzing steel and other al- 
loys.?¢ 

Researchers at the Jet Propulsion Labo- 
ratory in Pasadena, CA, developed a meth- 
od of refrigeration, involving the use of a 
lanthanum compound, that can reportedly 
produce temperatures around -400°F. Using 
solar heat or low-temperature “waste heat," 
the refrigerator can cool without the use of 
electricity and with few moving parts. Lan- 
thanum pentanickel, the main ingredient of 
the system, absorbs hydrogen gas at room 
temperature and then: releases it when 
heated and compressed. The released hydro- 
gen gas expands as it passes through a 
heat-exchanger, cooling to -424° F, and 
partially liquefying in the process. After 
absorbing heat from the heat exchanger, 
the hydrogen is reabsorbed by the rare- 


earth metal powder and the cycle is ready 


to be repeated.?’ 


Abex Corp. announced a series of new 
heat-resistant alloys containing rare earths 
that reportedly outperform existing alloys 
in almost every measurable category. The 
alloys are nickel-chromium-based and con- 
tain small amounts of titanium, niobium, 
tungsten, and certain rare earths. They 
were expected to provide longer life to 
parts, and to require less material per part 
for the same performance 29 

Scientists at the California Institute of 
Technology in Pasadena, CA, developed a 
lower cost method of producing amorphous 
metals. Carefully chosen pairs of metals are 
interdiffused, creating alloys with glasslike 
structures. Two pairs, gold-lanthanum and 
gold-yttrium, have been used successfully in 
the process, which reportedly could lead to 
the production of lower cost amorphous 
metal powders.?* 

Allied Corp. developed single crystal lan- 
thanum yttrium-iron-garnet (YIG) films on 
gadolinium-gallium-garnet substrates. The 
material was intended for use primarily in 
advanced magnetostatic signal processing 
technology.? 
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Physicists at Tokyo University achieved a 
new record low temperature using a rare- 
earth intermetallic compound. A tempera- 
ture of 27 millionths of a degree above 
absolute zero was obtained using praseo- 
dymium nickel as a refrigerant." 

ZYP Coating Inc. announced the commer- 
cial availability of two new crucible-mold 
paints and a neutron absorbing paint. Yttri- 
um oxide and zirconium oxide, respectively, 
were used as separate crucible-mold paints. 
The paints were expected to be usable at 
temperatures up to 2,000° C on nonreactive 
or ceramic surfaces, and may prove useful 
in crucibles for melting and transporting of 
molten materials, such as metal, alloys, 
glasses, or slags. Gadolinium oxide in 
ethanol-diglyme ether was developed as a 
neutron-absorbing paint using gadolinium’s 
high neutron capture cross section as its 
principal property. The gadolinium paint 
could provide a means of shielding radiation 
detection equipment and facilities from 
neutrons.?? 

An article on the abundance of the rare- 
earth elements in seawater was published 
by researchers at the University of Leeds, 
United Kingdom. The chemistry of the rare- 
earth elements makes them particularly 
useful in studies of marine geochemistry. 
Their relative abundances can be used to 
determine their sources in sedimentary de- 
posits, to evaluate the marine geochemical 
cycle, and apply the distributions to tracing 
mass movements of seawater.?* 

An appraisal of calibration errors in de- 
termining abundances of the rare-earth ele- 
ments in several international standard 
rock specimens was completed. Using neu- 
tron activation analysis, standard calibra- 
tion adjustments were made to an estimat- 
ed absolute accuracy of better than 5% and 
were used to determine the elemental abun- 
dances of rare earths in 29 standard rocks. 
Improved analyses of standard rocks was 
expected to lead to improved data on the 
crustal abundance of the rare earths. 

The proceedings of the Sixteenth Rare 
Earth Research Conference, held April 
18-21, 1983, in Tallahassee, FL, were 
published.?* 

Potentially significant concentrates of 
heavy minerals sands, including monazite, 
were reported by the U.S. Geological Survey 
in surficial U.S. Atlantic Continental Shelf 
sediments. Comparison of offshore sedi- 
ments from Virginia, South Carolina, and 
northeastern Florida indicated that mona- 
zite enrichment was highest off the coast of 
Virginia.* Additional indepth studies of 
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Atlantic Continental Shelf sediments were 
started.*” 

Researchers at the Bureau of Mines pub- 
lished a report on the magnetic properties 
of natural mischmetal, and of synthetic 
mischmetal alloyed with cobalt, copper, and 
magnesium. Alloyed synthetic mischmetal 
demonstrated better magnetic properties 
than natural mischmetal.?* 


1Physical scientist, Division of Nonferrous Metals. 

2A1] quantities are in metric units unless otherwise 
specified. 

3Free on board and/or free into container depot. 

*Values have been converted from Australian dollars 
($A) to U.S. dollars (US$) at the rate of $A1.1019 = US$1.00 
based on yearend 1982 foreign exchange rates from the 
Wall Street Journal. 

5Values have been converted from Australian dollars 
($A) to U.S. dollars (US$) at the rate of $A1.1117 =US$1.00 
based on yearend 1983 foreign exchange rates from the 
Wall Street Journal. 
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Salt 


By Dennis S. Kostick: 


Total salt production declined for the 
fourth consecutive year to the lowest level 
since 1964. Despite a decrease in exports 
and an increase in imports for consumption, 
domestic apparent consumption fell, pri- 
marily because of reduced demand for deic- 
ing salt. Production of salt in brine used as 
feedstock for the chloralkali industry re- 
bounded as demand improved for chloralka- 
li-based products. Salt consumption by food- 
related industries was virtually unchanged 
despite increased consumer awareness of 
the allegedly harmful effects of excess salt 
in the diet. | 


Domestic Data Coverage.—Domestic pro- 
duction data for salt are developed by the 
Bureau of Mines from two voluntary sur- 
veys of U.S. operations. Typical of these 
surveys is the salt company survey. Of the 
48 companies to which a survey request was 
sent, 45 responded, representing 94% of the 
total production shown in table 1. Produc- 
tion for the three nonrespondents was esti- 
mated using reported 1982 production levels 
adjusted by trends in employment and oth- 
er guidelines. Two producers closed and two 
producers reported no production. 


Table 1.—Salient salt statistics 
(Thousand short tons and thousand dollars) 


1979 1980 1981 1982 1983 
United States: 
Production! ________2______________- 46,317 41,483 38,899 731,665 32,973 
Sold or used by producers!________________ 45,793 40,352 38,907 137,894 34,573 
Valeo e a iuri o a $538,352 $656,164 $637,568 "$671,424 $597,081 
ane EE 6 831 1,046 1,001 517 
Vale ebe dee $9,025 $12,829 $17,429 $16,647 $12,368 
Imports for consumption _____________--~~- 5,275 5,263 4,319 5,451 ; 
AAA A $40,860 $44,071 $44,523 $56,184 $60,194 
Consumption, apparent?_______________.__ 50,371 44,784 42,180 142,344 40,053 
World: UCLUD nou LL 7191,107 186,180 188,926 P181,951 “182,752 
Estimated. Preliminary. "Revised. 
1Excludes Puerto Rico. 
2Sold or used plus imports minus exports. 
DOMESTIC PRODUCTION 


The total quantities of salt produced and 
salt sold or used decreased 12% and 9%, 
respectively. Forty-four companies operated 
83 salt-producing plants in 15 States. Nine 
of the companies sold or used over 1 million 
short tons each, accounting for 74% of the 
U.S. total. 

The six leading States in quantity of salt 
sold or used were Louisiana, 33%; Texas, 
23%; New York, 14%; Ohio, 7%; Kansas, 


5%; and Michigan, 4%. 

The large quantities of rock salt pur- 
chased and stockpiled by State and munici- 
pal governments in 1982 caused demand for 
deicing salt to decline in 1983 and contrib- 
uted significantly to the large decrease in 
domestic rock salt sales. Despite the closure 
of nine obsolete chloralkali plants since the 
beginning of 1982, production of salt in 
brine increased 5% in 1983 as demand im- 


725 


726 


proved after midyear for chlorine-based 
products, mainly polyvinyl chloride for use 
in automobiles and buildings. Production of 
solar salt decreased 21%. 

The percentage of salt sold or used by 
domestic producers, by type, follows: 


Percent 

1982 1983 

Salt in brine. —- - ---—-------—-—- 48 55 

Mined rock salt_______________ 3 29 
Vacuum pan salt and grainer or 

open pan salt____________.___ T9 10 

Solar-evaporated salt . T7 6 

Total ios e 100 100 

"Revised. 


In April, International Salt Co. placed its 
evaporative salt refinery at Avery Island, 
LA, on an indefinite standby basis because 
of rising energy costs and an oversupply of 
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vacuum pan salt in the region; however, the 
operation continued to produce rock salt. 
International Salt's rock salt mine in De- 
troit, MI, was idle most of the year because 
of reduced demand for rock salt, but the 
company continued conducting public un- 
derground mine tours to provide revenue to 
help offset low salt sales.? 

Diamond Crystal Salt Co. accepted a $32 
million settlement from Texaco Inc. and 
Wilson Bros. Corp. for the destruction of 
Diamond Crystal's Jefferson Island, LA, 
rock salt mine. The mine was flooded in 
November 1980 when Texaco and Wilson 
Bros. accidentally penetrated the mine cavi- 
ty while drilling for oil and gas. In return 
for a settlement considerably less than the 
original $219 million suit, Texaco agreed to 
drop its countersuit claiming the accident 
was caused by Diamond Crystal's mining 
techniques.’ 


Table 2.—Salt sold or used by producers in the United States,’ by recovery method 
(Thousand short tons and thousand dollars) 


Recovery method 


"Se 


Open pan or grainer and vacuum pan ________— 


To 
Salt in brine (sold or used as such) -_____________.__ 
Grand tota]l?______________________ 


TRevised. 
1Excludes Puerto Rico. 


1982 1983 
Quantity Value Quantity Value 
NM 13,379 "293,038 3,309 289,165 
S E "2,47 8 744,830 1,962 42,117 
is 447 729,614 408 28,155 
i ue 6,305 ™366,982 5,680 360,037 
iba 713,431 "186,610 9,867 132,537 
SE 72 ; 73 5,644 
ui 713,503 ™192,202 9,941 138,180 
eae 18,086 112,239 18,952 98,864 
— 791,894 ™671,424 34,573 597,081 


2Data may not add to totals shown because of independent rounding. 


SALT 


Table 3.—Salt sold or used by producers in the United States, by State 


(Thousand short tons and thousand dollars) 


1982 
State - 
Quantity Value 

Colorados EE W 
EE EE EE 11.601 172,146 
LOUISIANA <= E 712,171 117,569 
Michigan. a ea cin LU ee ee de e ,002 106,303 
NA] AM gc tur Lic ad E EN ge 6,205 117,718 
Oo: nuu meum ee a ec ty Auri ee fu ne 3,514 90,572 
NK EE 7,421 82,805 
ara a pee ee o ao EE tr ee OE deal 1,227 23,210 
West Virginia ___-________________________ LLL LL 7942 W 
Other?_____________________ Le 2,810 761,100 
d Ne ENEE 137,894 1671,424 
Puerto Rico `, 16 290 


1983 
Quantity 


127 


*Estimated. "Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” 


1Quantity and value of brine included with “Other.” 


2Includes Alabama, Arizona, California, Kansas (brine only), Nevada, New Mexico, North Dakota, Oklahoma, and 


items indicated by symbol W. 
3Data may not add to totals shown because of independent rounding. 


Table 4.—Evaporated salt sold or used by producers in the United States, by State 


(Thousand short tons and thousand dollars) 


Sate 1982 

Quantity Value 

LTE 927 165,184 
¡PSA AAA a E 289 22,990 
Michigan AAA ena ee 1,112 93,796 
New Y Orkut Se a Emus a dea la da 616 52,588 
A A IA A A A at 1,181 22,847 
e A hae (o ep A A AE 72,180 7109,575 
EE 16,305 ™366,982 
Puerto Rico? ____________________~____ Le 16 290 


Estimated. "Revised. 


1Includes Arizona, California, New Mexico, North Dakota, Ohio, Oklahoma, and Texas. 


2Data may not add to totals shown because of independent rounding. 


Table 5.—Rock salt sold by producers in 


the United States 
(Thousand short tons and thousand dollars) 
Year Quantity Value 
E o te ee E EE 14,891 152,192 
REES 11,806 176,541 
198] keeten Er 11,871 167,179 
DEE "13,503 192,202 
DOB EE 9,941 138,180 
"Revised. 


1983 
Quantity 


115,651 


360,037 
670 


Table 6.—Pressed salt blocks sold by original producers of salt in the United States 


(Thousand short tons and thousand dollars) 


From evaporated 
salt 


From rock salt 
Year 

Quantity Value Quantity Value 
1079 it ans SN hay A eit al a Eee 391 19,727 64 3,987 
AA E 393 24,412 65 4,502 
TORT WEE 404 26,099 62 4,723 
E E 1447 129,614 72 5,592 
TOSS cs ees ye, A ao 408 28,755 73 5,644 

"Revised. 


1Data may not add to totals shown because of independent rounding. 


Total! 
Quantity Value 
455 23,714 
458 28,914 
466 30,822 
™519 35,207 
482 34,398 
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Table 7.—Distribution of salt sold or used by producers in the United States, 


by consumer or use 
(Thousand short tons) 
Evaporated 
Vacuum | 
Consumer or use Rock Brine Total! 
Pd Solar B 
open pans 
1982: 

Chlorine; caustic soda, soda aah... 111 290 1,296 117,164 718,861 
All other chemicals _________________ 255 119 349 142 865 
Textile and dyeing- - - - - - - - ------ --—-— 100 11 54 Se? 165 
Decree tanners, casing manufacturers... — HE e i meee a 
Canning EE 105 19 80 = 204 
Baking EE 101 2 6 Kee? 109 
peer procesora (including cereal) -------— a 1 18 AM 83 
r processing. 2 --------- Fa 267 
Feed dealers `... 1408 205 1360 TN 1967 
Feed mizerg -———------------—----—- 225 7143 1331 M 699 
Metales ets sg etn W 45 212 W 294 
Rubber... i ca a ene 6 W 5 W 51 
Sees ight ae VERRE HTC T141 1311 174 509 1,035 
Paper and pulp- - --- W 25 150 W 209 

Water softener manufacturers and service 
companies 22-22 Ee 216 225 205 12 718 
Grocery stores ---o>-ooooooooooooo- 745 102 ae 1,053 
Highway use ----ooooooooooooooo- W 392 18,652 W 79,053 
U.S. Government .. 2222-222 20 W 123 W 152 
Distributors (brokers, wholesalers, etc). 605 W 806 W 1,720 
Miscellaneous and undistributed? ________ T7161 540. 1636 T546 1,444 
Total ae td See F 33,760 r 32 566 T 313,888 r 318 372 T 438 586 

1983: 
Chlorine, caustic soda, soda ab... ---—-—-—-— 15 302 1,453 18,119 19,950 
All other chemicals --_---___--_----.. 256 111 39 187 952 
Textile and dyeing. - -~ - - - --- -------——- 105 W 49 W 171 
Meatpackers, tanners, casing manufacturers.. — Kr SI H MR ani 
Canning eebe 110 W 76 W 211 
EN MARA AIRE EEE TN 104 3 8 DS 114 
Pior procesori (including cereal) _ _ ---- -— iM d a es a 
er processing. ______.____-__- ae 

Feed dealers ____________-________ 403 171 403 ME 971 
Feed omuzerg 215 105 808 ës 628 
tall e ru i es i cu e ce onc 35 W 189 242 
Rubber... o et 5 36 45 
© | BEE 90 326 70 433 918 
Paper and pulp- - - - - -------------——- W 96 157 W 214 

Water softener manufacturers and service 
companies ___________~__-_____- 279 210 207 12 707 
Grocery stores -----ooooooooooooo- 138 156 cs 987 
nek) TEE W 183 4,848 W 5,041 
Government __________________ 19 W 525 W 563 
Distributors MEE wholesalers, etc.) __— —— 594 W 617 W 1,832 
Miscellaneous and undistributed? ________ 229 432 538 463 1,426 
Tot oa he e NUM . 88,160 32124 310,386 319,249 435,519 


Revised. W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and 
undistributed” and in total by use. 


1Data may not add to totals shown because of independent rounding. 


de some exports and consumption in overseas areas administered by the United States and items indicated by 
symbol 


*Differs from totals shown in tables 2, 4, and 5 because of changes in inventory and/or incomplete data reporting. 
*Differs from totals shown in tables 1, 2, and 3 because of changes in inventory and/or incomplete data reporting. 


NOTE: Additional imported salt distributed by end use shown in table 14. 
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Table 8.—Distribution (shipments) of evaporated and rock salt! in the United States, 
by destination 


(Thousand short tons) 
1982 1983 
Evaporated Evaporated 
Destination 
Vacuum Rock Vacuum Rock 
an d Solar an d Solar 
open pans open pans 
Alabama- ——----------------—--—-—- 50 W 513 50 W 612 
Alaska o te at Re a dl W 10 ge W 10 EN 
ATIZODA: adc es a mM 11 60 3 11 52 4 
Arkansas _—-—-—---------—-—-—-—--——-—— 34 W 59 3 = 52 
California _______________________ 142 702 144 794 W 
Colorado ________________________ 25 122 33 23 100 47 
Connecticut ______________________ 12 - 18 210 12 20 125 
Delaware ______________~___-___-_ 3 120 — 38 3 129 
District of Columbia _________________ 1 W W W W W 
orida EEN 74 50 43 76 49 39 
Os) EE 62 W 79 59 W 86 
Hawaii __————----------—---—---———— 2 W Be W W W 
Idàho Ll uL 5 72 W 5 58 W 
TADO: 2 o a a da ers 1368 42 1,380 379 25 1,018 
Indian. ee ali 168 12 673 157 2 
lowa 4 — a eS ee ee a az 146 29 321 182 39 381 
E EE 100 10 239 106 8 265 
Kentucky ooo ooo 44 W 394 39 1 262 
Louisiana uoi sm uc eum ires eg Mies 58 W 1369 51 OW 344 
Maine ia e 7 W 156 7 1 137 
land 2 ems e crest rd 44 237 92 43 107 71 
Massachusetts ____________________ 36 88 414 38 75 W 
Michigan. - --------------------—-- r212 1,348 224 12 799 
Minnesota `- —-—---------—-------—- 1140 178 3 146 73 333 
Mississippi. === re 20 ENS 93 22 W 102 
fl fee RN E 105 14 515 108 8 305 
Montana. ees 4 T63 5 46 
Nebraska enee 99 60 121 97 34 120 
EN, TEE W W W W 
New Hampshire |... 2 W W 2 W W 
New Jersey ---------------------- 119 ™140 377 124 111 209 
New Mexico______________~__ ~~ ____ 8 T115 r3 7 96 5 
New York ` 2222222222 22222 271 63 2,125 246 59 1,654 
orth Carolina _______~_____________ 146 102 ` 100 134 91 1 
North Dakota_____________________ T70 T46 7 49 2 
ORO A ono A d 326 21 1,609 314 11 1,031 
Oklahoma ________._~_____________ 51 18 74 72 
ON So ta ee ee e 11 1227 W 11 43 W 
Pennsylvania -- ------------------- 157 162 972 163 88 664 
Rhode Island ` 85 3 5 43 W 
South Carolina ____________________ 34 10 17 35 11 16 
South Dakota -—----------------——- 42 26 34 45 25 35 
Tennessee oo maur eu cum 62 MU 397 63 W 518 
NN cll. lo n e EE la 154 166 1224 156 76 236 
Utah <= oS ee a a 5 r273 W 6 175 W 
Vermont un te ee el 6 1 183 6 145 
Veit TEE 65 172 146 66 61 106 
Washington _____________________-_ 15 1517 W 17 414 W 
West Virginia- LL LLL LLL LLL 15 W r113 15 W 65 
Wisconsin . -222222222222222 1202 r10 832 210 28 521 
WYOMING: nint eee lis r(2) 37 2 2 30 W 
Other? ________________________=: 142 1563 1587 25 317 1,150 
Total c etu o e oa 3,780 74,441 115,257 3,780 3,366 12,012 


"Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” 

1Each salt type includes domestic and imported quantities. 

“Less than 1/2 unit; included with “Other.” 

“Includes shipments to overseas areas administered by the United States, Puerto Rico, exports, some shipments to 
unspecified destinations, shipments to States indicated by symbol W, and quantities less than 1/2 unit. 

‘Data may not add to totals shown because of independent rounding. 
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CONSUMPTION AND USES 


Domestic apparent consumption of salt 
decreased 5%. Because of the large quantity 
of salt stockpiled by State and municipal 
governments in 1982, domestic and import- 
ed salt distributed by producers for highway 
deicing declined 36% in 1983. 

Salt consumption in the chlorine, caustic 
soda, and synthetic soda ash industries 
increased because of increased demand for 
chloralkalis. Production of chlorine gas, 
sodium hydroxide, and metallic sodium, in 
thousand short tons, as reported by the 
Bureau of the Census, was as follows: 


The voluntary sodium labeling campaign 
conducted by the food-processing industry 
since 1981 continued as more sodium- 
modified foods were introduced to the mar- 
ket. The voluntary campaign was a success- 
ful attempt to prevent the proposal of new 
labeling regulations by the Food and Drug 
Administration in response to public con- 
cern that sodium ingestion, primarily in the 
form of salt, or sodium chloride, caused 
hypertension. However, new research re- 
sults released in December by the Universi- 
ty of California suggested that sodium in 
itself might not be the culprit because other 
sodium-bearing compounds, such as sodium 


1982 1988 bicarbonate and sodium ascorbate, which ` 

Chlorine gas (100%) ____________ "9176 9,960 are present in many foods, do not by them- 
Sodium hydroxide, liquid (100%) ..... "9,385 10230 selves cause hypertension. The researchers 
o eue i it concluded that the chloride component of 
"Revised. sodium chloride might be more of a contrib- 
uting factor to elevated blood pressure than 

previously had been suspected.‘ 

STOCKS 


Total yearend salt stocks reported by 
producers decreased 25% from 3.2 million 


tons in 1982 to 2.4 million tons. Most stocks 
were rock salt and solar salt. 


PRICES 


The average values of different classes of 
salt, f.o.b. works, based on actual sales as 
reported by producers, follow: 


The following yearend salt prices were 
quoted in Chemical Marketing Reporter:* 


Salt, evaporated, common, 80-pound bags, car- 


lots or truckloads, North, works, 80 pounds_ $3.00 
Salt, chemical e, same basis, 80 pues 3.20 
. Per short ton Salt, rock, dees coarse, same dn 
SS WOUNGS EE ; 
1982 1983 Bulk, same basis, per ton ____________ _ 18.00 
Evaporated: à 
n or grainer and vacuum 
an S a EEN T$86.72 $87.39 
Solaäf oo us haa age ss 17.89 21.47 
Pressed ‘blocks, all sources ________ 167.83 71.52 
Rock salt, bulk _______________ 113.89 13.43 
Salt in brine A NN 6.21 5.22 
"Revised. 
FOREIGN TRADE 


Exports of salt decreased 48% because of 
the downturn in domestic salt production. 
About 92% of the exports was to Canada 
with the balance distributed to 57 other 
countries. 

Salt imports for consumption increased 
10%, the majority of which was bulk rock 


salt and bulk solar salt. More than 79% of 
salt imports was from the Bahamas, Cana- 
da, and Mexico. Imports of vacuum pan salt 
in bags, sacks, barrels, or other packages 
decreased 36% because domestic supply ex- 
ceeded demand. 
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Table 9.—Salt shipped to the Commonwealth of Puerto Rico and the Virgin Islands 


1982 1983 
Area Quantity Value Quantity Value 
(short (thou- (short (thou- 
tons) sands) tons) sands) 
Puerto R60 uncia bl rt nl aa de T E eer 65,000 $8,450 30,000 $4,100 
Virgin Islands _____________________________ 22a 2 1 1 1 
Table 10.—U.S. exports of salt, by country 
(Thousand short tons and thousand dollars) 
1982 1983 
Quantity Value Quantity Value 

Angola a o rs ie rt | (1) 53 uet 
AA 4 69 1 20 
Bahamas: ei a uem a rd he E 183 170 
CRT o bl a EE 957 11,550 475 7,398 
Costa Rică A A A (1) 24 (1) 1 
Denmark A A iae 1 55 (1) 61 
Germany, Federal Republic of _____________________ (1) 6 ES Ké 
Honduras; —-—--—------------------—---—--—-———-— 1 32 (1) 178 
Hong. Kong IAEA (1) 20 (1) 2 
¡PANA AAA 2 790 2 394 
MALAYA a an ees Nu Ee 1 10 (1) 2 
MEXICO e oa o a esee Mateo ta Poh cose 14 456 9 329 
Netherlands Antilles ____________-___ooio oo (1) 129 1 107 
Saudi Arabia. _____________________________ 10 2,449 14 2,806 
South Africa, Republic of -———-----------------——-—— 1 5 (1) 1 
Trinidad and Tobago... 2222222 22s 22-2 (1) 33 (1) 66 
United Arab Emirates ______~__~_~_____~_~_~ ~~ 2L o. (1) 97 (1) 39 
United Kingdom ------------------—-—-—----————-— 1 67 1 36 
Venezuela cuco ea e (1) 3 1 À 11 
A A 8 616 11 738 

2 12:1 aa ic ter aa tal ton ds e Lo es e EE 1,001 16,647 517 12,368 

1Less than 1/2 unit. 


Source: Bureau of the Census as adjusted by the Bureau of Mines. 


Table 11.—U.S. imports for consumption of salt 
(Thousand short tons and thousand dollars) 


In bags, sacks, barrels, 


Bulk 
Year E REH ia (dutiable) 
Quantity Value Quantity Value 
ee 1 1,478 15,263 142,593 
KT EE 27 1,483 24,292 243,040 
1952 22 o ls rs toldos 47 1,613 35,404 354,571 
[h.n A A IS A ORE 30 1,826 45,967 158,368 


1Includes salt brine from Canada through Ogdensburg, NY, customs district, 20 short tons ($1,406), and Detroit customs 
district, 11,490 short tons ($39,205); from Sweden through New York customs district, 36 short tons ($727); from Denmark 
through Cleveland customs district, 2 short tons ($20,498); from the Federal Republic of Germany through Boston customs 
district, 2 short tons ($1,774); from Austria through New York customs district, 50 short tons ($500); and from Poland 
through Cleveland customs district, less than 1 short ton ($300). 

2Includes salt brine from Canada through Portland, ME, and Detroit customs districts, 25 short tons ($372) and 710 
short tons ($11,452), respectively; from Denmark through Cleveland customs district, 72 short tons ($1,437); from the 
United Kingdom through Boston customs district, 500 pounds ($791); and from France through Los Angeles customs 
district, 2,012 short tons ($40,234). . 

3Includes salt brine from Canada ae. Portland, ME, and St. Albans, VT, customs districts, 26 short tons ($377), and 
55 short tons ($2,698), respectively; from Chile through Wilmi n, NC, customs district, 100 pounds ($350); and from the 
United Kingdom through Washington, DC, customs district, 200 pounds ($2,152). 

“Includes salt brine from Canada through Buffalo customs district, 400 pounds ($610); from Mexico through Laredo 
customs district, 18 short tons ($1,126); from Denmark through Cleveland customs district, 100 pounds ($269); from the 
United Kingdom through Baltimore customs district, 100 pounds ($1,209); from Ireland through New York customs 
district, 15 short tons ($300); and from Japan through Seattle customs district, 1,300 pounds ($392). 


Source: Bureau of the Census as adjusted by the Bureau of Mines. 
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Table 12.—U.S. imports for consumption of salt, by country 
(Thousand short tons and thousand dollars) 


1982 1983 
Country Ee i 
Quantity Value Quantity Value 
Bahamas EEN 843 7,566 933 8,854 
Bray 0. ee 147 1,287 133 1,247 
Canada sas a en et eg ers 2,155 20,847 2,161 20,915 
TEE 383 23,350 1 2,112 
France”... ee Ee T" 85 674 133 987 
Germany, Federal Republic of |... E 2 54 1 49 
EMO NP SDN ER 17 132 82 610 
Mexico®__________________________ L2c22ca 1,350 16,522 1,669 18,521 
Netherlands... ta ja tii 1,73 114 ,956 
Netherlands Antilles === eoe ee 112 1,184 184 1,750 
pein. ee 250 2,326 261 1,984 
TD 31 222 MON E 
AE 54 8289 35 549 
as AAA A E 5,451 56,184 5,997 60,194 


1In 1982, includes salt in sacks, bags, and barrels through eight customs districts, 20,109 short tons ($1,058,366); and salt 
in piine ne through two customs districts, 81 short tons ($8,075). In 1988, includes salt in sacks, bags, and barrels through 
i but icts, 26,413 short tons ($1,529,809); and salt in brine through one customs district, 400 pounds ($610). 

cludes salt brine through Wilmington, NC, customs district, 100 pounds ($350). 

SIncludes salt in sacks, , and barrels through three customs districts, 87 short tons ($14,247) in 1982; six customs 
districts, 612 short tons ($18, bi in 1983. 

*Includes salt in sacks, bags and barrels through five customs districts, 2,161 short tons ($45,516) in 1982; four customs 
districts, 609 short tons ( 36) in 1983. 

SIncludes salt in sacks, and barrels through one customs district, 100 pounds ($300) in 1982; two customs districts, 
111 short tons ($4,674) in 19 

"Includes salt in sacks, bags, an d barrels through two customs districts, 22,070 short tons ($241,200) in 1982; four 
customs districts, 190 short tons 17, 072); and salt in brine, 18 short tons GR 126) in 1983. 

7Includes salt in sacks, bags, and barrels through one customs district, 700 pounds ($543) in 1982; one customs district, 
1,500 pounds ($1,318) in 1983. 

*Includes salt brine from Denmark through Cleveland customs district, 300 pounds ($5,956); and from the United 

Kingdom through Washington, DC, customs district, 200 pounds ($2,152). 


Source: Bureau of the Census as adjusted by the Bureau of Mines. 


Table 13.—U.S. imports for consumption of salt, by customs district 
(Thousand short tons and thousand dollars) 


dis 1982 1983 
ms ri a EE 
| Quantity Value Quantity Value 
Anchorage, AK Ze ee eeu 1 1 1 103 
timore: MD: Eeer it es 255 2,694 237 1,903 
Boston MA unco ILL uec zac: OH 13 128 107 
Butalo; NY a a a re et od a lee 110 946 50 599 
Charleston, SC. cota ee mic 297 2,659 Es 2: 
Chicago, [boo eco etc ose ee eee eee eee 614 5,300 ^58 2,914 
Cleveland, OH... 2222222222222 ccc 22 2l22 22 189 112 1,011 
Detroit, MI Le ruunt 813 7,149 645 6, 
Duluth, MN nm ee eee eee et ot 101 1, 147 1,364 
Los | CA E et TRIP 148 2,018 227 3,075 
Milwaukee, WS ________________~___ 354 3,292 565 5,103 
Mobile, AL. i ee 12 San 
New Orleans, LA ---------------------------—- 163 1,251 248 1,576 
ew York, NY GE 317 3,195 462 ; 
Norfolk. V Ac unum ae ER a 103 850 124 2,152 
GnSDUIE, NY <= 32 is ees 408 34 423 
Philadelphia, PA ---—------------------------—— 146 1,797 233 2,434 
Po ¡Mi a a ny oe ee ne Se 449 3,968 428 4,001 
Portland, Mee te er hao ee 409 4,344 511 6,135 
Providence, RI_ — - - ooo o 185 1,489 129 1,220 
DT e ENEE 67 1,020 43 803 
San Juan, PR ooo is I eee ease 13 200 9 139 
Savannah, GA... 2222222222 222222222222 6 54 944 3,364 
Seattle, WA isis 602 8,081 814 7,626 
ampa FL o oenn a ee e LE EE 84 46 
Wilmington, NC. 160 2,44 201 2,987 
Other iia a EE 1 46 1 
AAA A. AA IN 5,451 56,184 5,997 60,194 


!Less than 1/2 unit. 
“Data may not add to totals shown because of independent rounding. 


Source: Bureau of the Census as adjusted by the Bureau of Mines. 
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Table 14.—U.S. imports for consumption of salt, by use as reported by salt producers 


(Thousand short tons) 
Use 1982 1983 
Government (highway use) ——----------------------------—---—--——— 1,786 1,848 
Chemical industry_ — - - —- - - oe A AAA 760 290 
Ce ees service companies. — — —-—---------------------------—-— 117 88 
AN AA AE A 587 683 
TO it tic a to nM SUL AR io te es 3,249 2,910 


1Salt imported by companies not producing salt (distributors, direct consumers, etc.) accounts for the difference 


between the totals 


own in this table and the totals shown in tables 1, 11, 12, and 13. 


“Data may not add to totals shown because of independent rounding. 


WORLD REVIEW 


Canada.—In September, Domtar Chemi- 
cals Ltd. commissioned its Goderich, Ontar- 
io, mine expansion project that increased 
Domtar's annual rock salt production ca- 
pacity from 2.2 to 3.5 million tons. The 
company invested $40 million for a third 
shaft, new primary crushing and conveying 
equipment, and new storage facilities.* 

India.—Hindustan Salt Ltd. announced 
plans to increase salt production at its rock 
salt mines at Drang and Guma in the Mandi 
district of Himachal Pradesh. The company 
intended to use solution mining to expand 
production from 5,000 to 60,000 tons per 
year.’ 

U.S.S.R.—Railcar scheduling problems 


disrupted shipments of salt to the animal 
feed, food, and chemical industries. In addi- 
tion, salt deliveries were underestimated by 
33% by the Sverdlovsk and Belorussian 
Railroads. According to the Soviet source, it 
appeared that the Ministry of Railroads was 
responsible for the misallocation of railcars 
and was attempting to rectify the prob- 
lems.* 

Yugoslavia.—A new solar salt facility 
with a capacity of 80,000 tons per year came 
on-stream at Ulcinj in Montenegro. This, 
combined with other salt operations in the 
country, was expected to make Yugoslavia 
self-sufficient in salt.’ 


Table 15.—Salt: World production, by country! 


See footnotes at end of table. 


(Thousand short tons) 
Country? 1979 1980 1981 1982P 1983* 
Afghanistan? -——-------------------——- 22 6 7 r11 11 
LEES 70 15 15 75 80 
Algeria -—------------------------- 3162 3154 141 154 165 
Angola <br GE 55 55 55 55 45 
RK 
A E 1 1 1 1 42 

Other AA coils 682 1,106 1,033 1606 
Australia (marine salt and brinesalt) |... 75,100 16,245 7,077 6,724 6,600 
Austria: 

Rock salt Zeene 1 1 1 1 1 

Evaporated salt ___________________ 419 452 509 478 395 

Salt in brine --------------------- r272 r287 291 236 155 
Bangladeeh® ooo 743 510 "304 r e275 275 
Benin com tesis actas — ($) ($) (4) (°) ($) 
Brazil: 

Rock salt. eege oe Si 759 877 925 922 940 

Marine salt ooo 3,159 13,354 3,049 3,183 3,300 
Bulgaria? _______________~_____ 2222 95 T95 T95 95 95 
Burma’ __________________________ 284 T295 298 297 4317 

Ee Ee 7,585 1,748 7,981 8,752 9,500 

Calle 32 Ee 650 486 3 7 750 
AAA a suci 16,281 19,048 20,194 18,060 17,500 
Colombia: 

ET EE 422 1382 348 332 330 

Othersalt Sc 2222 cc 2L 407 541 440 223 440 
Costa Nica. = 202 sl 51 *44 *43 121 120 
QUA a a a do 134 144 177 218 220 
Cypri AA A IS T6 Tg 10 11 11 
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Table 15.—Salt: World production, by country’ —Continued 


Salt in solution. ________________ 


German Democratic Republic: 


gei A E 


Korea, North" ___________-_------ 


KUWABIU ou oc a dica 


Libya? ---g-------------------- 


New 


See footnotes at end of table. 


(Thousand short tons) 


1979 


1980 


3 


DÀ 
LEET 


1981 


1982P 


TT 


STEIF 


ho 


a 


$3 eebe, ot 


SALT 


Table 15.—Salt: World production, by country! —Continued 
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(Thousand short tons) 
Country” 1979 1980 1981 1982” 1983* 
Romania: 
Rock salt coo o i utc 1,819 71,951 r €1,870 - r €1,870 1,870 
Other salt_______________________ 3,384 3,622 r e3 600 e3 600 3,600 
Senegal®__________________________ 154 154 154 T 4176 4187 
Sierra Leone®____§___________________ 220 220 T220 T220 220 
Somalia? __________________ LL Lc l- 33 T33 133 133 33 
South Africa, Republic of- _______________ 594 625 595 646 4801 
Spain: 
Rock salt c oon ad 2,411 12,623 2,536 2,439 2,500 
Marine salt and other evaporated salt______ 1,390 1,245 1,536 1,187 1,200 
Sri Lanka EE 134 126 115 194 4142 
UO BE ua com oe ee a e I Edi. 90 88 71 31 80 
Switzerland... LLL css cn 424 1416 475 399 4338 
A AA 83 r100 r100 r 4112 496 
Taiwan cs nena to ct tales ta 404 796 387 289 487 
Tanzania ______________________ 41 40 41 41 45 
Thailand: 
Rocksnlt a te il ia. 12 T18 12 12 46 
Other salt? 2_2___________ 180 180 180 180 180 
Togo? CARIOR A EE 1 1 1 1 1 
Tūnas 440 482 515 464 4413 
ALT EE 71,042 11,299 1,539 1,448 1,540 
Uganda__—--------------------——- 1 1 122 T22 30 
eebe, Dee ee Gase 15,763 16,094 16,755 17,416 17,900 
United Kingdom 
Kant, ss 11.753 1,925 1,488 2,435 2,500 
Brine salt!? /.— 2 .......— 2,111 1,773 1,603 1,713 1,700 
Othersalt!üü! — . 4,156 4,189 4,317 4,270 4,300 
United States including Puerto Rico 
GAS eaaa cnc EM 14,891 11,806 11,871 13,503 19,941 
Other salt: 
United States __________________ 30,902 28,545 27,036 24,391 424 632 
Puerto Rico®__________________~_ 27 27 8 16 32 
Venezuela... c AD Et ad e170 268 r e215 375 215 
Vietnam® _______________ vp PEE ide 580 T480 r445 r720 980 
Yemen (Aden)®______________________ T80 90 80 80 80 
Yemen (Sanaa)? _____________________ 100 10 60 60 60 
Yugoslavia: 
e TI alae c ee 151 186 212 
Marine salt ooo 23 124 40 472 1468 
Salt from brine_ - ---------------——- 212 r206 209 
Total ta rd e as is dE 191,107 T186,180 188,926 181,951 182,752 
“Estimated. Preliminary. "Revised. NA Not available. 


1Table includes data available through June 6, 1984. 


?Salt is produced in many other countries, but quantities are relatively insignificant and reliable production data are 


not available. 
3Data represent sales. 
*Reported figure. 
*Year ending June 30 of that stated. 
SLess than 1/2 unit. 


TBrine salt production as reported by the Burmese Government in metric tons, was as follows: 1980—80,701; 1981— 


83,795; 1982— 13,901; and 1983— 100,000 (estimated). 
®Year beginning Mar. 21 of that stated. 
i year ending Mar. 31 of that stated. 


10Data captioned “Brine salt" for the United Kingdom are the quantities of salt obtained from the evaporation of 
brines; that captioned “Other salt" are the salt content of brines used for purposes other than production of salt by 


evaporation. 


TECHNOLOGY 


The Atlantic Research Corp. developed a 
process that destroys harmful polychlorin- 
ated biphenyls (PCB) and produces a pure 
sodium chloride byproduct. The “light- 
activated reduction of chemicals," or LARC, 
process uses ultraviolet light and hydrogen, 
which replaces the chlorine atoms when 
passed through a PCB-containing liquid. A 
mobile LARC demonstration unit was built 


with funding from the National Aeronau- 
tics and Space Administration to treat 1,000 
gallons per day of PCB-contaminated fluids. 
The unit was also capable of treating halo- 
genated organic compounds other than 
those containing chlorine. '° 


1Physical scientist, Division of Industrial Minerals. 
“Lansing State Journal. Salt Mine Under Detroit Fights 
Sales Slump by Offering Tours. Apr. 19, 1983, p. 5B. 
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*The Wall Street Journal (New York). Diamond Crystal 
Gets $32 Million Settlement for Flooded Salt Mine. V. 202, 
No. 4, July 7, 1983, p. 17. 

oo News. New Factor in Salt? V. 124, Dec. 10, 1983, 
p. 372. 

5Chemical Marketing Reporter. Current Prices of Chem- 
icals and Related Materials. V. 224, No. 26, Dec. 26, 1983, 


p. 36. 
The London Free Press. Sifto Salt. Sept. 27, 1983, p. 16. 
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“Industrial Minerals (London). Company News and Min- 
eral Notes. No. 192, Sept. 1983, p. 81. 

Foreign. Broadcast Information Service. Lack of Com- 
mercial Salt Criticized. U.S.S.R. Rep. Chem. No. 103, June 
21, 1983, pp. 28-29. 

Work cited in footnote 7. 

10The Washington Post. Atlantic Research Corp. Pat- 


ents Method of Cleaning Up PCB's. Washington Business 
sec., Aug. 29, 1983, p. 13. 


Sand and Gravel 


By Valentin V. Tepordei! 


A total of 655 million short tons of con- 
struction sand and gravel valued at $1.9 
billion, f.o.b. plant, was estimated to have 
been produced in the United States in 1983. 
This was the second lowest production level 
since 1958, 32% below the record-high pro- 
duction of 1978, but 10% higher than that of 


1982 when a full annual survey was con- 
ducted. 

Production of industrial sand and gravel 
totaled 26.6 million short tons valued at 
$335 million, f.o.b. plant, a decrease of 3%, 
and 21% below the record-high production 
of 1979. 


Table 1.—Salient U.S. sand and gravel statistics’ 
(Thousand short tons and thousand dollars) 


1979 1980 1981 1982 1983 
Sold or used: 
Construction: 
Sand: 
Quantity --------------------—— 455,000 373,400 NA "217,800 NA 
Valle it ert $974,100 $925,400 NA "$622,200 NA 
Gravel: 
Quintas too dale 490,500 389,700 NA 215,300 NA 
AAA A $1,170,000 $1,071,000 NA  f$874,000 NA 
Sand and gravel, unprocessed 
Quantity - ------------------—- NA NA NA 7100,800 NA 
Valie Lan E cem err Ed NA NA NA  *$177,900 NA 
Total construction:? 
Quantity 2222220202 25565 S00 945,500 163,100 *690,000 "594,000 €655,100 
Value sc Ss ne ale hc ee cm $2,144,000 $1,996,000 °$1,928,000 "$1,674,000 *$1,935,000 
Industrial: 
Sand: 
Quantity __________._________- 32,120 28,711 29,250 126,350 26,080 
á Mag EEN $275,200 $286,500 $326,300 $316,900 $329,500 
ravel: 
Quantity E 1,391 865 728 71,024 537 
DD pP $8,574 $6,458 $5,997 T$6,846 $5,667 
Total industrial:? 
Quantity __________________ 33,510 29,600 29,980 "27,400 26,620 
E KREE eege $283,800 $293,100 $332,300 "$323,800 $335,200 
x : 
Q loni EE 2,076 2,451 2,397 1,946 2,350 
1 AMAN A E IUS E E $32,440 $40,660 $36,736 $34,397 $32,487 
Imports for consumption: 
Quantity <a uo EE 423 541 337 275 181 
UN c ERRORS $2,321 $2,118 $2,608 $4,002 $2,666 
*Estimated. ‘Revised. NA Not available. 


1Puerto Rico excluded from all sand and gravel statistics. 


?Data may not add to totals shown because of independent rounding. 
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Exports of construction sand and gravel 
increased 16% to 1.3 million tons valued at 
$6.4 million, while imports decreased 34% 
to 123,000 tons valued at $1.0 million. Ap- 
parent consumption of construction sand 
and gravel was 654 million tons. 

Exports of industrial sand increased 28% 
to 1.0 million tons valued at $26.1 million, 
while imports decreased 36% to 58,000 tons 
valued at $1.6 million. Apparent consump- 
tion of industrial sand and gravel was 25.6 
million tons. 

Domestic Data Coverage.—Domestic pro- 
duction data for construction and industrial 
sand and gravel were developed by the 
Bureau of Mines from voluntary surveys of 
U.S. producers. Beginning with 1981, full 
surveys of construction sand and gravel 
producers have been conducted for even- 
numbered years only. For odd-numbered 
years, a sample survey was conducted to 
generate preliminary estimates at the State 
level. Industrial sand and gravel producers 
have continued to be surveyed every year. 
Of the 162 active industrial sand and gravel 
operations surveyed, 154, or 95%, respond- 
ed. Their total production represented 
93% of total U.S. industrial sand and gravel 
production shown in table 1. The nonre- 
spondents' production was estimated using 
preliminary production reports, adjusted 
prior years production, and/or employment 
. data. Of the 154 respondents, 17 did not 
indicate a breakdown by end uses. Their 
total production together with that of eight 
estimated operations, representing 17% of 
the U.S. total, was included in “Other uses." 
Fourteen industrial sand and gravel oper- 
ations were idle. : 

Legislation 


and Government  Pro- 
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grams.—On June 6, 1983, the U.S. Supreme 
Court ruled that gravel in lands patented 
under the 1916 Stock-Raising Homestead 
Act is a “mineral” reserved to the U.S. 
Government. The respondent, Western Nu- 
clear Inc., was liable to the Government fo 
$13,000 in damages for gravel removed from 
a site in Wyoming and used for road con- 
struction. Damages were based on a royalty 
payment rate of 30 cents per cubic yard. 

In September, the Environmental Protec- 
tion Agency (EPA) issued proposed new 
Standards of Performance for Stationary 
Sources of nonmetallic mineral operations. 
These standards would limit fugitive emis- 
sions from new, modified, and reconstructed 
sand, gravel, and crushed stone plants to 
10% opacity for all facilities using a capture 
system, and 15% for those without it. EPA 
proposals also recognize wet dust suppres- 
sion and baghouses as the best demonstrat- 
ed emission control technology. 

New regulations on the use of explosives 
in surface mining, developed by the Office 
of Surface Mining of the U.S. Department of 
the Interior, went into effect in April. The 
new regulations were designed to better 
control ground vibrations during blasting 
for mining or construction work. 

The impact of the Surface Transportation 
Assistance Act of 1982 on the demand for 
construction aggregates at the national and 
State levels over a 4-year period was ana- 
lyzed in a study published by the Bureau of 
Mines z The study estimated that a total 
increase in production of road construction 
aggregates of between 428 and 514 million 
tons could result from the legislative pro- 
gram over the 4-year period beginning in 
1983. 


CONSTRUCTION SAND AND GRAVEL 


DOMESTIC PRODUCTION 


Revised production estimates indicate 
that U.S. output of construction sand and 
gravel increased 10%. All regions, except 
New England, registered increases, of 4% to 
21%. The Pacific region continued to lead 
the Nation with an estimated 163 million 
tons or 25% of the U.S. total, followed by 
the East North Central region with about 


100 million tons or 15%, and the West 
South Central region with about 87 million 
tons or 13%. 

Among the four major regions, the West 
led the Nation in the production of con- 
struction sand and gravel with 37% of the 
total. The North Central region was second 
with 27%, and the South was third with 
26%. 


SAND AND GRAVEL 
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Figure 1.—Production and value of construction sand and gravel in the United States for 
1960-83 (includes estimates for 1981 and 1983). 


The five leading States, in descending 
order of volume, were California, Texas, 
Alaska, Ohio, and Minnesota. Their combin- 
ed estimated production represented 38% of 
the national total. 

In September, Martin Marietta Corp., the 
12th largest producer of construction sand 
and gravel in the United States in 1982, 
reorganized two of its major divisions, con- 
struction materials and chemicals, by com- 
bining them into a new unit called Martin 
Marietta Basic Products. The newly com- 


bined division includes the cement, sand 
and gravel, and stone operations, as well as 
manufactured construction materials. 

Conrock Co. of Arizona, a subsidiary of 
Conrock Co. of Los Angeles, CA, purchased 
the Phoenix and Sun City sand and gravel 
operations of Arizona Sand and Rock Co. 
The parent company, the third largest pro- 
ducer of construction sand and gravel in the 
United States, owned 17 operations in Cali- 
fornia and Arizona at yearend. 
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FOREIGN TRADE 


Exports.—Exports of construction sand 
increased 48% to 934,000 tons; of which, 
76% went to Canada and 17% went to 
Mexico. Exports of construction gravel 
decreased 26% to 369,000 tons, 89% of 
which went to Canada. 

Imports.—Imports of construction sand 
and gravel decreased 34% to 123,000 tons, 
85% of which came from Canada. 


TECHNOLOGY 


Two technology transfer seminars on sur- 
face mining equipment were organized by 
the Bureau of Mines. The purpose of these 
seminars was to disseminate information on 
recent advances in mining health and safe- 
ty technology related to the use and main- 
tenance of large mobile surface mining 
equipment. 

A new cost-effective approach to mapping 
of overburden thickness using computer- 
assisted geophysical techniques was imple- 
mented -by Dunn Geoscience Corp.‘ AL 
though geophysical techniques have been 
used in mineral exploration for many years, 
recent technologic advances have increased 
geophysical mapping speed, reduced costs, 
and expanded the range of their geophysical 
mapping applications. 

The National Sand and Gravel Associa- 
tion, the American Society of Landscape 
Architects, and the National Crushed Stone 
Association cosponsored the First Land- 
scape Architecture Student Competition in 
which various methods for reclaiming sand 
and gravel and crushed stone sites were 
proposed. The first-, second-, and third-place 
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entries were won by Michigan State Univer- 
sity, Colorado State University, and the 
University of Pennsylvania, respectively.’ 

A Dutch company, Aarding BV of Nun- 
speet, Netherlands, patented a strong gran- 
ular material called Aardelite that can 
replace gravel in various applications. 
Aardelite is produced from a variety of 
residual materials such as fly ash, boiler 
ash, sea sand, etc. Manufacture of Aardelite 
consists of mixing and agglomerating 
powder-size materials using lime and other 
additives by a thermal curing process. The 
end product consists of spherical granules 
between 3 and 30 millimeters in diameter 
that has been used as a substitute for gravel 
in concrete.* 

Quazite Corp. of Houston, TX, a subsid- 
iary of Lone Star Industries Inc. and Shell 
Oil Corp. formed a joint venture to manu- 
facture and market a new construction 
material brand named “Quazite.” The 
product is a composite material made from 
selectively graded aggregates and high- 
performance polymers and monomers 
through a patented process. The material 
is impermeable and has high bending 
strength and good chemical resistance and 
dielectric properties. It has a wide range of 
applications in construction, transporta- 
tion, telecommunications, and specialty 
item manufacturing as a precast or cast-in- 
place product.’ 

Several articles dealing with new surface 
mining equipment, automation, use of 
computers,” and reclamation, were pub- 
lished. 


Table 2.—Construction sand and gravel sold or used in the United States, 


by geographic region 
1982 1983 
Quan- Quan- 
Geographic region M Percent Value’ Percent ee a Percent Value® Percent 
Set of (thou- of bt] of (thou- of 
Short total sands) total short total sands) total 
tons) tons) 
Northeast: 
New England_________ 32,287 5 $88,911 5 28,200 4 $86,900 4 
Middle Atlantic ______-_ 38,359 6 128,120 8 41,300 6 140,500 7 
North Central: 
East North Central _____ 95,896 16 253,687 15 99,900 15 262,000 14 
West North Central _ _ _ _ _ 62,295 11 142,257 9 75,500 12 181,600 9 
uth: 
South Atlantic _________ 45,456 8 134,504 8 49,400 8 148,000 8 
East South Central ____-_ 28,024 5 76,194 5 31,200 5 89,800 5 
West South Central... .... 76,511 13 241,914 14 87,100 13 291,500 15 
est: 
Mountain __________~_ 67,996 11 190,485 11 79,100 12 240,600 12 
Pacific ___-___-_---- 147,131 25 418,035 25 163,440 25 494,200 26 
Total! | | ..... 594,000 100 1,674,000 100 655,100 100 1,935,000 100 
*Estimated. ‘Revised. 


1Data may not add to totals shown because of independent rounding. 
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Table 3.—Construction sand and gravel sold or used in the United States, by State 


Colorado 


Michigan 
Minnesota 
Mississippi 


Missouri 
Montana 


New Mexico 


New York 
North Carolina 
North Dakota 
ORO lomo ee he a Et ie Ee 
Oklahoma 
Oregon senza att ee ES NO 
Pennsylvania 
Rhode Isl 
South Carolina 
South Dakota 


“Estimated. 
1Data do not add to totals shown because of independent rounding. 


and 


— = — e e emm — mm o mm zm ` wm mm e meter et mm ep me em vs zm mn mm e ` mm ` ze ` zm vm ` ma pe em sm 
— ae PP wm mg me ve — me mm vm mm mm mm vm rr zm eee on vm re gn ea e rem es mn cp 


— — a — me ` mmm ` mmm gen mm vm mm pop mmm o — en mp e me rm A mmm op vm re em mm mz zën mx zm en — 


TEE, TEE 
New Hampshire 
New Jersey 


West Virginia |... DI DI D LLL LL LLL LLLLLL 
Wisconsin 
Wyoming 


TRevised. 


(Thousand short tons and thousand dollars) 


Quantity 


1,019 


"594,000 


Value 


17,226 


71,674,000 


1983* 
Quantity 


8,600 
45,200 


655,100 


Value 


23,500 
97,200 
15,000 


1,935,000 
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Table 4.—U.S. exports of construction sand and gravel, by country 
(Thousand short tons and thousand dollars) 


Construction sand Gravel 
Country 
Quantity bor Quantity Se 
1982 
TEE (2) 12 29 150 
Canada o diet ado rei ee Se uu t UR 573 1,943 434 1,307 
IE e WEE 37 657 2 49 
Panama ==. a ec. a Lo es ti a A 4 85 2 66 
SE 6 569 (2) 11 
Saudi Arabia__—----------------------—-—-—-——- 2 161 (2) 103 
South Africa, Republic of --__-___-___ iio (2) 3 5 401 
Other nt cuui e A 9 1,967 25 593 
Toal fsck pots Sits tc rete he ee Nd Nok dees 631 5,397 497 2,680 
1983 
Bahamas. ec at io E e (?) 10 21 114 
Bermuda. te Sh o E 27 Se En 
Canada n o s hee cime E LL PIT Le ML 112 2,234 328 1,225 
Germany, Federal Republic of _______________-__--- 3 103 SS Eea 
Mexico EE 162 461 (?) (2) 
O a A e 1 117 ee Bes 
United Kingdom. ------------------------—--—-— 43 112 E m 
ET sun T ue A O Se me Ri ae E 10 1,556 20 472 
Total _____ sho eae ee a 934 4,620 369 31.810 


1Value of material at U.S. port of export; based on transaction price, including all charges incurred in placing material 
alongside ship. 

2Less than 1/2 unit. 

3Data do not add to total shown because of independent rounding. 


Table 5.—U.S. imports for consumption of construction sand and gravel, by country 
(Thousand short tons and thousand dollars) 


1982 1983 
Country | C.i.f : Cif 
Quantity value? Quantity value? 
Antigua and Barbuda ` 2 LLL LLL cl 17 210 1 11 
Australa EE 4 476 SE aos 
TEE 9 32 9 32 
Canada ada e al es a pee eh a 155 659 104 652 
Germany, Federal Republic of -_-___-_-_---_--__ ii (2) 53 1 247 
Israel AAA — E 6 11 
Other eene (2) 49 2 94 
Total za a a ae EE —— ——— 185 1,479 123 1,047 


1Value of material at U.S. port of entry; based on purchase price and includes all charges (except U.S. import duties) in 
bringing material from foreign country to alongside carrier. 
2Less than 1/2 unit. 


INDUSTRIAL SAND AND GRAVEL 


DOMESTIC PRODUCTION 
The total output of industrial sand and 


increased 2% in the North Central and 1% 
in the Northeast. 
Based on the 1980 census data on popula- 


gravel decreased 3% to 26.6 million tons. 
The North Central region continued to lead 
the Nation with 42% of the U.S. total, 
followed by the South with 33%, and the 
Northeast and West, each with 13%. Out- 
put of industrial sand and gravel decreased 
10% in the West and 6% in the South and 


tion, U.S. per capita industrial sand and 
gravel production was 0.12 ton. Per capita 
production by region was 0.19 ton in the 
North Central, followed by the South with 
0.12 ton, the West with 0.08 ton, and the 
Northeast with 0.07 ton. 
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Figure 2.—Production of industrial sand and gravel in the United States in 1983, 
by geographic region. 


The five leading States in the production 
of industrial sand and gravel in 1983 were, 
in descending order of volume, Illinois, 
Michigan, New Jersey, California, and Tex- 
as. Their combined production represented 
52% of the national total. Production 
decreased significantly in Texas, 19%. Pro- 
duction increased in Michigan, 21%, and 
New Jersey, 11%. 

Ninety-seven producers of industrial sand 
and gravel with 176 operations were can- 
vassed by the Bureau of Mines. About 
73% of the industrial sand and gravel 
produced came from 42 operations, each 
with an annual production larger than 
200,000 tons. The 10 leading producers of 
industrial sand and gravel were, in de- 
scending order of tonnage, Martin Marietta 
Aggregates-Unimin Corp., Pennsylvania 
Glass Sand Corp., Ottawa Silica Co., Jesse S. 
Morie & Son Inc., Construction Aggregates 
Corp., Owens-Illinois Inc., Manley Bros. of 
Indiana Inc., Oglebay Norton Co., Badger- 


Mining Corp., and Nugent Sand Co. Inc. 
Their combined production, from 54 oper- 
ations, represented 72% of the U.S. total. 

In the second half of the year, Unimin of 
Canaan, CT, completed the purchase of 10 
operations from Martin Marietta Industrial 
Sand Div. The acquired operations are lo- 
cated in Oregon and Troy Grove, IL; Michi- 
gan City, IN; Bridgman, MI; Byron, CA; 
Cleburne, TX; Lugoff, SC; Emmett, ID; Por- 
tage, WI; and Festus, MO. Martin Marietta 
retained its largest and most profitable 
operation, located at Wedron, IL. Shortly 
after completing this acquisition, Unimin 
announced plans for expanding its Marston, 
NC, operation, by installing a state-of-the- 
art silica grinding plant that can produce 
about 100,000 tons per year of silica flour. 
The major markets for silica flour are 
expected to be the chemical, filler, and 
fiberglass industries. The new plant was to 
be completed during the first quarter of 
1985.1? 
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Figure 3.—Production and value of industrial sand and gravel in the United States, 
1960-83. 


CONSUMPTION AND USES 


Sand and gravel production reported by 
producers to the Bureau of Mines is actual- 
ly material sold or used by the companies. 
Stockpiled material is not reported until it 
is consumed. 

Of approximately 27 million tons of in- 
dustrial sand and gravel sold or used, 36% 
was consumed as glassmaking sand, and 
25% as foundry sand. Other important uses 
were abrasive sand, about 7%, and hydrau- 
lic fracturing sand, about 4%. Because some 
companies did not report a breakdown by 
end use, their total production as well as 
estimations for nonrespondents were in- 
cluded in “Other uses,” which represent 
about 21% of U.S. total. On a regional level, 
most of the glassmaking sand was produced 


in the South, 35%, followed by North Cen- 
tral, 26%, and the West, 24%, while most of | 
the foundry sand was used in the North 
Central, 76%. Of the smaller but important 
end uses, most of the abrasive sand was 
used in the South, 64%, and most of the 
hydraulic fracturing sand was used in the 
South, 56%, and the North Central, 40%. 


PRICES 


The average value, f.o.b. plant, of U.S. 
industrial sand and gravel increased 7% to 
$12.59 per ton. Average unit values for 
industrial sand and industrial gravel were 
$12.64 and $10.55 per ton, respectively. 
Nationally, industrial sand used as fillers 
had the highest value per ton, $54.56, fol- 
lowed by sand used in ceramics, $33.89, and 
sawing and sanding sand, $32.00. 
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TRANSPORTATION 


Of the total industrial sand and gravel 
produced, 68% was transported by truck 
from the plant to the site of first point of 
sale or use, 27% was transported by rail, 
and 4% by waterway. Because most of the 
producers had no records of and did not 
report shipping distances or cost per ton per 


mile, no transportation cost data were avail- 
able. 


FOREIGN TRADE 


Exports.—Exports of industrial sand in- 
creased 28% to 1.0 million tons valued at 
$26.1 million. Of this, 88% went to Canada, 
and 6% went to Mexico. 

Imports.—Imports of industrial sand 
decreased 36% to 58,000 tons valued at $1.6 
million. Of this, 78% came from Australia, 
and 17% from Bahamas. 


TECHNOLOGY ` 


Textured Products Inc. of Hartsdale, NY, 
recently introduced a glass fiber fabric coat- 
ed with a blend of ceramic and binder. The 
material, called Fibrecoat, is designed as a 
flame and heat barrier for temperatures up 
to 1200° F, and is being produced in two 
grades: Fibrecoat 120, which can withstand 
continuous use in temperatures up to 600° 
F, has intermittent flame resistance up to 
1200° F, is 7 to 8 millimeters thick, and is 
not affected by water, steam, ice, ultraviolet 
radiations, solvents, and diluted acids or 
alkalis; and Fibrecoat 520, which has the 
same intermittent flame resistance as the 
120 grade, but it can be used at continuous 
temperatures up to 1500° F, and is 25 to 50 
millimeters thick. Both grades are light- 
weight and flexible, and combine some of 
the advantages of both glass fiber and high 
temperature ceramic fibers. Fibrecoat will 
' be a good replacement in some applications 
for traditional glass fibers, mineral wools, 
and asbestos.!* 

A new state-of-the-art plant operated by 
the J. L. Shiely Co.’s Minnesota Frac Sand 
Co., of St. Paul, MN, was in its first full year 
of operation producing high-quality hydrau- 
lic fracturing sand from Jordan sandstone. 
The high-quality product was being shipped 
to sites as distant as Pennsylvania, Texas, 
California, and Alberta, Canada, and was 
competing with frac sand produced near 
Brady, TX. 
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In February, the American Telephone & 
Telegraph Co. (AT&T) began operating its 
first major optical fiber communication line 
between New York and Washington, DC. 
This link is part of a 776-mile project that 
will extend from Cambridge, MA, to Mose- 
ley, VÀ, near Richmond. In March, AT&T 
began operating the first 168 miles of a 633- 
mile system that will ultimately connect 
Sacramento with San Diego, CA. Other 
projects that will connect Jacksonville with 
Miami, FL, and Chicago with New York 
were also announced by AT&T. As a result 
of recent technological advances, optical 
fiber is becoming a standard replacement 
for copper wires, because of its lower cost, 
better and larger transmission capabilities, 
and lack of electrical interference.!5 

A series of articles on blasting techniques 
that review problems facing quarry opera- 
tors in today's congested areas was publish- 
ed by Rock Products magazine. Problems 
analyzed include blasting vibrations, air- 
blast, the importance of quarry site geol- 
ogy in selecting blasting methods, and the 
characteristics of blasting agents and their 
most effective use in different environ- 
ments.!* 

Several articles on industrial. mineral 
processing, including crushing, grinding, 
screening, and classification, were pub- 
lished.*” 


1Physical scientist, Division of Industrial Minerals. 

2Block, F. Estimated Impact of the Surface Transporta- 
tion Assistance Act of 1982 on the Demand for Road 
Construction Aggregate. BuMines Min. and Mat., June- 
July 1983, pp. 35-43. 

Bureau of Mines Staff (comp. by). Safety in the Use and 
Maintenance of Large Mobile Surface Mining Equipment. 
Proceedings: Bureau of Mines Technology Transfer Semi- 
nars, Tucson, AZ, August 16, 1983, Denver, CO, August 18, 
1983, and St. Louis, MO, August 23, 1983. BuMines IC 8947, 
1983, 97 pp. 

*Peffer, J. R., and P. G. Robelen. Affordable: Overburden 
Mapping Using New Geophysical Techniques. Pit & 
Quarry, v. 76, No. 2, Aug. 1983, pp. 70-74. 

Weber, K. NSGA Sponsors First Landscape Architec- 
ture Student Competition for Sand and Gravel Operators. 
Rock Prod., v. 86, No. 7, July 1983, pp. 32-33. 

SAarding B. V. (Nunspeet, Holland). Aardelite, a New 
Product From Coal Residues. Sept. 1983, pp. 1-16. 

7Quazite Corp. Quazite. A New Class of Engineered 
Materials. 1983. 

5Robertson, J. L. Electric-Powered Excavator Virtually 
Maintenance Free. Rock Prod., v. 86, No. 2, Feb. 1983, 
pp. 40-41. 

———. Switch From Trucks to Belt Conveyor Cuts 
Operating Costs. Rock Prod., v. 86, No. 7, July 1983, 
pp. 40-42. 

Herod, S. California Plant Displays Efficient Material 
Handling. Pit & Quarry, v. 75, No. 8, Feb. 1983, pp. 44-48. 

Robertson, J. L. Computer Runs Genstar Plant. Rock 
Prod., v. 86, No. 9, Sept. 1983, pp. 41-43. 

10Kuennen, T. Sand and Gravel Computer Use Studied. 
Rock Prod., v. 86, No. 9, Sept. 1983, pp. 60-61. 
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Pit & Quarry. Com 


uter Tightens Control of Aggregate 
Spar Ding at Busy 


J. Quarry. V. 76, No. 5, Nov. 1983, 


———. J. L. Shiely Co. Makes Full Use of Computer 
Technology. V. 76, No. 5, pp. 60-62. 

11Kuennen, T. Rocks to Riches: Reclaimed Sites Fine for 
Business. Rock. Prod., v. 86, No. 3, Mar. 1983, pp. 38-40. 

12Industrial Minerals (London). Unimin Continues To 
Grow. No. 191, Aug. 1983, p. 16. 

3———. Ceramic Coated Glass Fiber—A New Product. 

No. 189, June 1983, pp. 20-21. 

14Kuennen, T. Mining, Marketing Frac Sand: A Cyclical, 
Special Product. Rock Prod., v. 86, No. 5, May 1983, 

15Industrial Minerals (London). Optical Fibers Advance. 
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No. 188, May 1983, p. 17. 
16Borg, D. G. Some Pointers on Blasting Techniques. 
Rock Prod., v. Ze No. 2, Feb. 1983, pp. 26-28. 
——— Y Site Geology Determines Drilling and 
SE Meth Rock Prod., v. 86, No. 6, June 1983, pp. 


———. Some Pointers on Blasting Agents. Rock Prod., v. 
86, No. 8, Aug. 1983, pp. 40-43. 

"Buckley, S. Industrial Mineral Processing—Crushing 
2nd ene Ind. Miner. (London), v. 189, June 1983, pp. 


Industrial Minerals ae Screening and Classifica- 
tion. No. 190, July 1983, r pp. 45 

Larnach, M. R. High epee ‘Crushing T echnology and 
Its Utilization in Plant Desi anagement and 
Products, v. 10, No. 7, July 1983, pp. 414-419. 


Table 6.— Industrial sand and gravel sold or used in the United States, 


by geographic region 
1982 1983 
Quantity Quantity 
Geographic region (thou- Percent Value Percent (thou- Percent Value Percent 
sand of (thou- of sand of (thou- of 
short total sands) total short total sands) total 
tons) tons) 
Northeast: 
New England 225 1 $3,413 1 148 1 $3,250 1 
Middle Atlantic ____-_-_ 3,154 11 42,252 ™13 3,265 12 44,257 13 
North Central: 
East North Central _ ` _ 9,059 T33 96,385 130 9,601 36 96,840 29 
e Man North Central... _ _ 1,837 eT 19,209 6 1,488 6 - 22,683 7 
uth: 
South Atlantic_____-_-_ 3,574 13 45,980 14 4,115 15 55,328 16 
East South Central ___ _ 1,474 5 13,554 4 969 4 9,583 3 
e West South Central __ _ 14 272 116 "59,303 118 3,649 14 51,906 15 
est: 
Mountain__________ 1,368 5 13,338 4 868 3 12,258 4 
Pacific — cos a T2409 9 30,337 "10 2,515 9 39,107 12 
Total! uno rs 127,400 100 "323,800 100 26,620 100 335,200 100 
"Revised. 


1Data may not add to totals shown because of independent rounding. 


Table 7.—Industrial sand and gravel sold or used in the United States, by State 


(Thousand short tons and thousand dollars) 


1982 1983 
State , 
Quantity Value Quantity Value 
RN, TE 960 8,096 418 3,256 
RE EE 107 1,617 W W 
AIKHBSHS. e cec oec duc C sme "471 "5,625 386 4,796 
Caähtoriia EE 72,167 27,528 2,150 34,066 
Colorado EE 222 3,266 212 3,233 
Connecticut adan tana ee gs es ee .80 1,746 W W 
NET TEE 341 4,257 329 3,447 
E a Ehe EE 541 6,793 539 7,298 
Idaho emn tee Sg LU fe ta ts W W 
IH nolis: ses ces es oe, pes o eS dsl CE LE 3,989 45,665 4,060 42,871 
(ET EC A W 
IOWBL ema A n E S CM ads ipu e W W le 
KanBdS. EE ue EES 331 3,635 199 2,184 
Fenteng 116 10 124 
LouisiBha8-e 12e Lune eie ee ce 378 4,590 291 4,252 
Massachusetts o ooo oc 140 1,615 W W 
Michigan eon oen nec nume ee e E dU e e 2,920 21,934 3,545 27,577 
A AA Ae E E 694 5,903 685 12,932 
Mississippi - > - - -------------------------—-——-- W W W W 
A A A E is 750 8,997 600 7,541 
Montana -=-= Ln lts ds mien oe, ala W W W 
Nebraska. 2:00 its os Lin tener cta uer EE 14 105 4 W 
Nevada s eut a RI SLM AA e W W W 
New Jersey. ocn 223 Se eye HEN E LE e 2,140 28,151 2,386 31,819 
New Mexico... 22000225 e ee SE E uum E ars W W MEL Des 
New York cae ni ata Se ee ee o Eie 45 512 W 
North Carola sui Iden sl ee d m e 116 4,878 1,066 11,689 


See footnotes at end of table. 
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Table 7.—Industrial sand and gravel sold or used in the United States, by State 
—Continued 


(Thousand short tons and thousand dollars) 


1982 1983 
State ————————— o _ — _ _ _ _Qmr—a 
Quantity Value Quantity Value 

OT: a o e dd 1,223 17,816 1,226 17,848 
Oklahoma. 222.3 ts dl ee o leia ri li 1,222 13,114 1,184 13,221 
Oregon A A A TA e E W W 
Pennsylvania ------------------—--—-—-—-—-—————— 969 13,589 W W 
Rhode Island o ooo ooo 5 52 
South Carolina __-______________________ ccoc 720 10,902 842 13,169 
Tennessee __________________~__ LLL 468 4,826 483 5,455 
17 CI AA EA AA IA r2 201 135,974 1,788 29,637 
¡AA AAA AAA AS W 4 
A AAA IEA ARA W W W W 
Washington _______________________ ee rl pote E 242 2,809 337 4,581 
West Virginia -—----------------—------——--————- W W W W 
Wisconsin -2-2222 788 9,662 621 7,208 
6 e ou d re a s A UR ii d Rt 2,521 30,000 3,232 41,010 

Total caetera e Beg eats yen T271,400 7323,800 26,620 335,200 


"Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1Data do not add to totals shown because of independent rounding. 


Table 8.—Industrial sand and gravel production in the 
United States in 1983, by size of operation 


) antity 
Number of percent ng Percent 


, (thousand 
Size range of 
operations short. 
total tone) total 
Less than 25,000 EE 37 22.8 361 1.4 
EU LU E WEE 30 18.5 1,083 4.1 
20,000 t0 J9. ASA 29 17.9 2,175 8.2 
1000000 19700 EE 24 14.8 3,480 13.1 
200,000 TE WEE 12 7.4 2,992 11.2 
300,000 to 399,999 — o rro ce S esca EEN 9 5.6 3,109 11.7 
400,000 to 499,999 cue cie ee eL nr ie Oe 6 3.7 2,128 10.2 
500,000 to 599,999 RE 5 3.1 2,912 10.9 
600.000 to 699,999 Iri ii et ee to ede pazos 5 3.1 3,188 12.0 
800,000 and Over us is 5 3.1 4,589 17.2 
OC ————————— ——— Pk 162 100.0 126,620 100.0 


1Data do not add to total shown because of independent rounding. 


Table 9.—Number of industrial sand and gravel active operations and processing 
plants in the United States in 1983, by geographic region 


Active operations with processing plants 
Associated with 


Number of active Associated with extraction areas on : 
; dred n Total 
operations land oper Sch E number of 
s ————————— ————— active 
Geographic region Plants not Plants operations 
Total With Plants at site at site on Plants without 
plants! (stationary board 9? land plants! 
——————————————— or portable) 
Stationary Portable 
Northeast: 
New England ` 4 3 2 oe T e 1 one 
Middle Atlantic. |... 15 13 8 1 E 1 3 1 
North Central: 
East North Central_____ 39 37 31 3 2 Da 1 m 
West North Central ____ 13 11 10 PTS ae a 1 wee 
South: 
South Atlantic `. 24 22 18 E X 1 3 "mr 
East South Central_____ 16 12 5 1 3 E 3 2 
West South Central ____ 23 22 16 1 1 1 3 ge 
West: 
Mountain `... 12 10 9 gis 1 es "e m 
Pacific -———------—— 16 13 10 2 zu zc 1 1 
Total nace 162 143 109 8 7 3 16 4 


1Based on reports submitted by individual companies. 
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Table 11.—Transportation of industrial sand and gravel in the United States in 1983 
to site of first sale or use 


ee 
Method of shipment ousan dree 

short tons) 
Trück e ac. IA A an eT e 18,207 68 
Rail EE WN coe RP Tan? a Oe leo SOR ce EE 7,194 27 
IV WY EE 995 4 
Not shipped, used at site __§__________________- a o da FEN 222 1 
A m ————— ————————————— El ek 126,620 100 


1Data do not add to total shown because of independent rounding. 


Table 12.—U.S. exports of industrial sand, by country 
(Thousand short tons and thousand dollars) 


1982 1983 
Country F.a.s. ; F.a.s. 
Quantity TED Quantity value! 

Austrália mud o da n van cce bere T 2 432 1 422 
E TEEN 13 15 4 115 
Canada pee ern qe qme ue uie ta ai is 584 10,890 918 12,566 
Costa IS AA 9 134 11 178 
Germany, Federal Republic of --------o-oooooooo- 3 1,566 5 1,084 
SN A A A M i M A E e EN 3 1,241 3 1,150 
Mexico A A AE A LA a O 165 3,756 58 2,167 
Netherlands ________________________ Le 3 1,735 6 3,442 
INGEWAY uu 2 ra cet (?) 22 2 168 
PANAMA EE 4 129 11 280 
PFs le ee Ee BS a 4 436 2 229 
Philippine ———— i ee re ees (2) 69 1 168 
Saudi ee EEN 1 184 (?) 177 
Singapore a ie he a ac ee De na 4 1,551 2 706 
United Arab Emirates EE 1 81 2 245 
United Kingdom ----------------------—--—-——— 4 1,088 5 408 
Venezuela o ld gee oe 2 240 (2) 53 
Other. ci SR o 16 2,614 17 2,499 

q A EE E eee 818 26,320 31,047 26,057 


1Value of material at U.S. port of export; based on transaction price, including all charges incurred in placing material 
alongside ship. 


2Less than 1/2 unit. 
3Data do not add to total shown because of independent rounding. 


Table 13.—U.S. imports for consumption of industrial sand, by country 
(Thousand short tons and thousand dollars) 


1982 1983 
Country . ; ; : 
Quantity Cif, Quantity Sif, 

Austral. ss A AS e aor a S 78 2,199 45 1,235 
EE a e 10 36 

RT, TEE 11 124 1 52 
Germany. Federal Republic of `. (?) 161 (3) 145 
EE (2) 38 1 151 
Toa o on suse LE E Me EE Late r90 2,528 58 1,619 


TRevised. 

1Value of material at U. S. port of entry; based on purchase price and includes all charges (except U.S. import duties) in 
bringing material from foreign country to alongside carrier. 

"Less than 1/2 unit. 

3Data may not add to totals shown because of independent rounding. 


Silicon 


By Gerald F. Murphy! 


Demand for silicon materials increased 
significantly in 1983, a consequence of a 
strong recovery by the aluminum industry 
and a more modest recovery by the iron and 
steel industries. Accordingly, production 
and shipments of silicon metal increased 
dramatically. Compared with that of 1982, 
imports were slightly more than double in 
volume and nearly double in value for 
ferrosilicon overall. Imports of regular- 
grade ferrosilicon (60% to 80% silicon) were 
the most significant on a quantity basis, 
amounting to about two-thirds of total im- 
ports. Although the price of silicon metal 
decreased abruptly in January, domestic 
producers were able to substantially in- 


crease their prices for this material later in 
the year owing to strong demand by the 
aluminum industry. Exports of ferrosilicon 
declined moderately and were only about 
8% of imports. 

Domestic Data Coverage.—Domestic pro- 
duction data for the silicon commodity are 
developed by the Bureau of Mines by means 
of monthly and annual voluntary, domestic 
surveys. Typical of these surveys is the 
monthly Silicon Alloys survey. Of the 20 
canvassed operations to which a survey 
collection request was made, all responded, 
representing 100% of the total production 
shown in table 1. 


Table 1.—Production, shipments, and stocks of silvery pig iron, ferrosilicon, 
and silicon metal in the United States in 1983 


(Short tons, gross weight, unless otherwise specified) 


Silicon content Producers’ Producers’ 
Allo (percent) stocks" as of Pro- Ship- stocks as of 
y - Dec. 31, duction ments Dec. 31, 
Range Typical 1982 1983 

Silvery pig iron- - ---------------- 5-24 18 W W W W 

Ferrosilicon (including briquets) ______-_ 25-55 48 94,056 237,790 234,250 59,792 

EES 56-95 76 27,953 80,070 76,104 22,701 
Silicon metal (excluding semiconductor 

EELER bs at ee 96-99 98 12,966 123,602 123,076 11,778 

Miscellaneous silicon alloys (excluding 
silicomanganese) _______________ 32-65 hem 16,674 52,189 48,930 11,861 


"Revised. W Withheld to avoid disclosing company proprietary data. 


Legislation and Government  Pro- 
grams.—In November, the U.S. Trade Rep- 
resentative, after consultation with the 
President, requested the International 
Trade Commission to promptly conduct an 
investigation under Section 406 of the 
Trade Act of 1974 to determine if Soviet 
imports of 50% grade ferrosilicon had 
caused market disruption. Section 406 deals 
with products from countries with centrally 
planned economies, which compete unfairly 
with domestic industry or cause market 


disruptions. In March 1983, following a 
request by The Ferroalloys Association, the 
President removed two grades of Brazilian 
ferrosilicon and silicomanganese from duty- 
free status under the Generalized System of 
Preferences for developing countries. Fol- 
lowing an administrative review, the U.S. 
Department of Commerce directed the U.S. 
Customs Service to collect cash deposits of 
1.5396 in countervailing duties on ship- 
ments of ferroalloys from Spain. 
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DOMESTIC PRODUCTION 


Production and shipments of silicon met- 
al increased dramatically in 1983. Silicon 
metal is largely independent of the iron and 
steel industries and its strong recovery was 
mainly due to increased demand by the 
surging aluminum industry. Shipments of 
silicon alloys increased moderately, except 
for the 56% to 95% range, which showed a 
slight decrease. Demand for silicon alloys is 
closely tied to the iron and steel industries, 
which have been recovering slowly. The 
miscellaneous silicon alloys are special pur- 
pose alloys based on ferrosilicon but with 
other elements added. Magnesium ferrosili- 
con accounts for the major portion of this 
material. Other alloys include calcium sili- 
con, silicon-manganese-zirconium, and pro- 
prietary inoculants. 

Concessionary labor agreements enabled 
some ferroalloys companies, which had 
been supplying customers from stocks for 
extended periods, to resume production and 
replenish stocks of silicon alloys. Ohio 
Ferro-Alloys Corp., Canton, OH, restarted 
ferrosilicon production at its Philo plant in 
August, principally owing to a new labor 
contract that included all three of the 
company’s plants and which contained a 
reduction in wages and benefits. The plant 
had been closed since late 1982 and inven- 
tories of several. silicon alloys had reached 
extremely low levels. The company had 
resumed silicon metal production at its 


Powhatan Point facility early in 1983, re- 
sponding to increased demand for the mate- 
rial from the secondary aluminum industry, 
as well as from producers of chemical and 
electronic products. On May 1, the Hanna 
Mining Co. reopened its Wenatchee, WA, 
plant, which produces silicon metal and 
ferrosilicon. Labor concessions, a temporary 
reduction in Bonneville Power Administra- 
tion electrical power rates, and an increase 
in demand for silicon materials were the 
main factors in the company’s decision to 
reopen the plant. Two ferroalloy plants 
were shut down by strikes during the year. 
Foote Mineral Co.’s plants at Graham, WV, 
and Cambridge, OH, were closed for about 1 
month by a strike that began October 2. A 
new 3-year labor agreement that included 
wage and benefits concessions was ratified. 
The Graham plant produces ferrosilicon, 
while the Cambridge facility produces ferro- 
vanadium and ferroboron. SKW Alloys Inc., 
Niagara Falls, NY, announced in December 
that it planned to reopen its Calvert City, 
KY, plant in January 1984, regardless of 
whether a strike that halted production 
since September 1 was settled. The Calvert 


City facility produced both 50% and 75%- 


ferrosilicon and other alloys in 1983. The 
company needed to resume production be- 
fore its current didas stocks were ex- 
hausted. 


Table 2.—Producers of silicon alloys and/or silicon metal in the United States in 1983 


Producer 


Alabama Alloy Co. Inc 
Aluminum Co. of America, Northwest Alloys Inc 


Dow Cornin — ct HERREN HUE aoe, 


m: Me 


Hanna Mining Co.: 
Donna Nickel Smelting Co 


emaa Minerals & Chemical Corp., Industry Group, TAC 
"o EE 


Do 
Reynolds Metals Co 
SKW Alloys Inc 


Plant location Product 
Ee eeng NS FeSi. 
EE Addy, WA ` -- FeSi and Si 
Ss a Springfield OR <> 
----- Alloy, WWW ot FeSi and Si 
EE Ashtabula OH. cs i. 
----- Graham, WV______ Do. 
os Keokuk, ¡9 ARA Silvery pig iron. 
TR Riddle, OR __----- FeSi. 
SN Wenatchee, WA ____ FeSi and Si. 
Ee Beverly, OH ______ Do. 
tmt Selma, AL- ------- Si. 
MOREEN Bridgeport, AL _ _ _ _ _ FeSi. 
rc l, EE Do. 
Saye ae Montgomery, AL... FeSi and Si. 
ee Philo, OH . Do. 
EE Powhatan Point, OH _ Si. 
d LE Sheffield, AL... Do. 
"TOMUS Calvert City, KY ... FeSi. 
puc Niagara Falls, NY ` Do 
T Rockw , TN Sta Si. 


SILICON 
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CONSUMPTION AND USES 


Total reported consumption of silicon ma- 
terials increased significantly to about 
304,000 short tons of contained silicon, an 
increase of about one-eighth compared with 
the 1982 total of 272,000 tons. This increase 
in demand was attributed to a strong recov- 
ery by the aluminum industry and to a 
more modest recovery by the iron and steel 
industries. While production rates in the 
automotive industry increased significantly 
in the latter part of the year, downsizing 
and substitutions to achieve weight reduc- 
tion have resulted in less consumption of 
iron and steel per unit. Cast iron shipments, 
exclusive of ingot molds, as reported by the 
Bureau of the Census, rose about 11% from 
7.1 million net tons in 1982 to 7.9 million 
net tons in 1983. Except for silvery pig iron, 
which declined by a little more than one- 
half, reported consumption of silicon mate- 
rials increased generally. The more pro- 


nounced increases occurred for the 85% and 
65% ferosilicon and silicon metal. The 
largest demand was for the 50% ferrosilicon 
grade and silicon metal, followed, on the 
basis of silicon content, by the 75% ferrosili- 
con grade, miscellaneous silicon alloys, and 
silicon carbide. The decreasing order of end 
uses for silicon materials was cast iron, 
steel, silicones and silanes, and nonferrous 
alloys, with about 68% of consumption 
being accounted for by ferrous applications. 
Cast iron production consumed the greatest 
amounts of silicon carbide, miscellaneous 
silicon alloys, and silvery pig iron, while 
steelmaking was the biggest user of 75% 
ferrosilicon. Steel plants and iron foundries 
together accounted for about 98% of 50% 
ferrosilicon usage; slightly less than 90% of 
the silicon metal consumed went into non- 
ferrous alloys and silicones and silanes. 


Table 3.—Consumption, by major end use, and stocks of silicon alloys and metal 


in the United States in 1983 


(Short tons, gross weight, unless otherwise specified) 


Silicon content Silvery 


Sili neus Si 
x icon aneous icon 
Ferrosilicon! me silicon ` carbide? 
alloys? 
56-70 71-80 81-95 96-99 ET 63-70 
65 76 85 98 48 64 
(4) 17,193 (4) 592 1,426 (4) 
($) 23,265 ($) 155 (4) es 
(4) 6,860 (4) (4) 1,041 (4) 
as 1,170 (4) (*) ($) ($) 
(4) (4) E ES A me 
ae 828 7 7 ae e 
3,036 22,468 881 715 358 191 
3,036 71,784 881 1,469 2,825 191 
1,873 18,451 459 59 24,533 20,962 
EON 34 64 48 NOS ze 
1 69 7 35,607 94 oe 
SA Be __ 53,467 ae = 
D 28 1 59,198 8 Ll 
4,9916  - 90,366 1,412 99,848 27,460 21,153 
138 115 184 122 116 118 
3,195 68,678 1,200 97,851 13,181 13,538 
286 7,399 164 3,758 2,634 1,302 


(percent) pig iron 
End use 
Range -----_- 5-24 25-55 
Typical _____ 18 48 
Steel: 
Carbon- -—--------—- 19 42,708 
Stainless and heat-resisting ae 27,708 
Full alloy -_____._-___-_ (4) 18,142 
High-strength low-alloy _ _ (4) 4,568 
Electric -_________._-_ Pë (4) 
OO) ss ek Ss State i z (4) 
Unspecified- ________~_ 55 7,769 
Total: 54s 74 100,895 
Cast irons-____________ 13,687 112,142 
Superalloys. __________~_ 118 
Alloys (excluding alloy steels. 
and superalloys)__.____-_-_ 148 2,304 
Silicones and silanes ____._-_ xs Ns 
Miscellaneous and unspecified A 1,196 
Total -<-s necans 13,910 216,655 
Percent of 1982 __ 46 103 
Total silicon content _ 2,504 103,994 
Consumers’ stocks, . 
(Re NEE 1,146 13,812 
1Includes briquets. 
2Primaril 


based on 1983 production survey. 


Does not include silicon carbide for abrasive or refractory uses. 


‘Included with “Steel: Unspecified.” 


5Includes an estimated 9,000 tons consumed for unspecified chemicals. 


SEstimated based on typical percent content. 


magnesium-ferrosilicon but also includes other silicon alloys. Average silicon content estimated as 48%, 
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Unlike ferrosilicon, silicon metal demand 
is closely linked to the aluminum and chem- 
ical industries. The aluminum industry, 
which uses silicon metal to make wrought 
and cast products, rebounded strongly and 
substantially increased production. The in- 
crease was in large part caused by increases 
in the housing and transportation indus- 
tries. Consumption of silicon metal for sili- 
cones and silanes also increased in 1983, by 
about two-fifths compared with that of 1982. 

PPG Industries Inc., the largest producer 
of precipitated silicas in the United States, 
began a major modernization for production 
of high-purity silicas at its Lake Charles, 
LA, complex. The company announced that 
it was phasing out its titanium dioxide 
extender silica products, formerly produced 
at Barberton, OH, in favor of concentrating 
on markets and product lines in rubber 
reinforcing silicas and thixotropic agents. 
General Electric Co.’s Silicone Products 
Div. announced plans to build a 15-million- 
pound-per-year fumed silica plant at its 
Waterford, NY, complex. Fumed silica, a 
relatively high-cost material compared with 
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other reinforcing-grade silicas, is used 
mainly as a premium reinforcing agent for 
silicone rubber, of which General Electric is 
a major producer. 

Silicon metal produced by tonnage meth- 
ods is used as raw material for the manufac- 
ture of the relatively small quantity of 
ultra-high-purity polycrystalline silicon for 
semiconductors, photovoltaic cells (solar 
cells), and other highly specialized applica- 
tions. The Bureau of Mines does not collect 
data on these specialty grades of silicon, 
which have a high unit value. Domestic 
production of polycrystalline silicon was 
estimated at 1,700 tons. Toth Aluminum 
Corp. started up its clay-based metals chlo- 
ride plant in Vacherie, LA, and planned to 
move into commercial production in Janu- 
ary 1984. The plant will produce silicon 
tetrachloride and other metal chlorides. 
Silicon tetrachloride is used to produce very 
pure fumed silica and high-purity polycrys- 
talline silicon. 

Consumer stocks of silicon material 
changed very little from those at the end of 
1982, showing a slight decline. 


PRICES 


Although the price of silicon metal 
decreased abruptly in January, domestic 
producers were able to substantially in- 
crease their prices for this material later in 
the year owing to strong demand by the 
aluminum industry. Both 50% and 75% 
ferrosilicon prices decreased in May to their 
lowest level for the year. Ferrosilicon de- 
mand, unlike silicon metal, is tied primarily 
to the steel industry, and as a result has 


been much slower to recover than silicon 


metal. Domestic producers, because of a 
depressed demand, were able to only slight- 
ly increase prices in the second half of the 
year. | 


The price of domestic, lump silicon metal . 


with 1% maximum iron and 0.07% maxi- 
mum calcium decreased at the beginning of 
the year to 52 cents per pound from 62 cents 
per pound of contained silicon, and then 
increased periodically reaching 60.25 cents 
per pound in December. The price of im- 
ported silicon metal also increased at sever- 
al intervals, beginning the year in the range 
of 47 cents to 49 cents per pound and ending 


the year in the range of 60 cents to 61 cents 
per pound. 

The published price of regular-grade 50% 
and 75% ferrosilicon decreased from 45 and 
47 cents per pound, respectively, to a low for 
the year of 39.5 cents per pound. Because of 
domestic discounting, actual transaction 
prices were even lower, reported to be in the 
range of 35 to 37 cents per pound. Ferrosili- 
con posted prices increased slightly by year- 
end to 43 cents per pound for the 50% grade 
and to the range of 48 to 45 cents per pound 
for the 75% grade. The f.o.b. warehouse 
price of imported 75% ferrosilicon, as 
quoted in Metals Week, began the year in 
the range of 32 to 34 cents per pound, but 
showed an upward trend and ended the 
year in the range of 39.5 to 40.5 cents per 
pound. Regular 5% magnesium ferrosilicon 
with no cerium decreased from 53 to 50 
cents per pound of material, effective July 
1, while the 9% grade went from 72 to 71 
cents per pound of alloy. Also effective July 
1, the price of calcium silicon increased 
from 66 to 72 cents per pound of alloy. 


FOREIGN TRADE 


Exports of ferrosilicon declined moderate- 
ly and were only about 8% of imports. In 
terms of quantity and value, ferrosilicon 


exports reached their lowest level in 5 
years. The largest quantities were exported 
to Canada and Australia, 8,284 and 2714 


SILICON 


tons, respectively, accounting for slightly 
more than 80% of total quantity and a little 
more than 75% of total value. Exports went 
to 29 countries. Silicon metal exports in- 
creased significantly to a total of 2,767 tons. 
Principal recipients were Japan, 1,238 tons, 
and Mexico, 897 tons, together accounting 
for about 80% of total quantity and 30% of 
total value. Exports of silicon metal went to 
41 countries. 

Compared with those of 1982, imports 
were slightly more than double in volume 
and nearly double in value for ferrosilicon 
overall. Silicon metal imports showed little 
change both in quantity and value. Imports 
of regular-grade 75% ferrosilicon (60% to 
80% silicon) were the most significant on a 
quantity basis, amounting to about two- 
thirds of total imports. Norway shipped 
about one-fourth of the total in this range, 
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in 1982. Silicon metal imports in the 96% to 
99% range decreased sharply by more than 
two-fifths in terms of gross weight. Canada 
and Yugoslavia were the dominant sources, 
together accounting for about 85% of the 
total. However, this drop was more than 
offset ‘by a slightly more than three-fifths 
increase in the 99% to 99.7% range. Canada 
and Brazil were the principal shippers of 


` this material. 


The moderate decrease in ferrosilicon 
exports, combined with a very large in- 
crease in imports, left the United States a 
net importer of ferrosilicon material. Net 
imports amounted to about 146,000 tons and 
a trade deficit of about $61 million. 


Table 4.—U.S. exports of ferrosilicon and 
silicon metal 


: i Quantity Value 
while Brazil, Canada, and Venezuela, each Year (short (thou- 
with about one-fifth of the total, were the fons) sands) 
next largest sources. The next largest im- FERROSILICON 
port class was regular-grade 50% ferrosili- j979 = ` 22.351 $14,740 
con (30% to 60% silicon), which amounted 1980 ---------------- 27,48 18,572 

: bees “VOR BEE 15,768 12,136 
to slightly more than one-fifth of ferrosili- 19899 ^ | | | ---- 14.932 11.996 
con imports. The main sources of this mate- 1983 ---------------- 11,338 10,712 
rial were the U.S.S.R., 16,647 tons; Canada, a SILICON METAL 2553 m 
8,684 tons; and Venezuela, 4,358 tons, to- 1989 ^  ..... 14:372 65,478 
gether accounting for about 87% of the 1981 ---------------- 8,673 57,001 
LA ili tent of all f. li VBL pn o tu AO 2,411 34,335 
tota . verage sl icon content o errosill- j993 . | | | | 2161 41,826 
con in 1983 declined to 66% from 68% 
Table 5.—U.S. imports for consumption of ferrosilicon and silicon metal, 
by grade and country 
1982 1983 
Quantity Quantity 
Grade and country (short tons) Value (short tons) Value 
— (thou. ————— ————À—— ——  (thou- 
Gross Silicon sands) _ Gross Silicon sands) 
weight content weight content 
Ferrosilicon: 

Over 8% but not over 30% silicon: 

Brazil 22 100 15 $145 SE we Sp 
E ET EEN 541 147 60 29 6 $11 
Total? `... 641 162 204 29 6 11 

Over 30% but not over 60% silicon, with over 

% Magnesium 
TEE 4,705 2,131 3,649 3,911 1,817 3,091 
Canada elemen 341 163 314 2,395 1,141 840 
Brace A anen nn 561 210 517 587 276 401 
Germany, Federal Republic of _____-_ 13 6 18 62 33 93 
NANA MS oa __ 19 9 12 
DADAM SS ee ee, ie ees E 14 6 24 
IN OR WAY aa tege 180 80 152. 4,512 2,087 3,412 
Venezuela __________________ GEN BC id 2,015 1,003 436 
Toal ar rt he 5,805 2,653 4,657 13,575 6,372 8,308 


See footnotes at end of table. 
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Table 5.—U.S. imports for consumption of ferrosilicon and silicon metal, 
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by grade and country —Continued 


Grade and country 


Ferrosilicon —Continued 


Over 30% but not over 60% silicon, not 


elsewhere classified: 
razil 


France o ooo ooo ooo. 


Over 60% but not over 80% silicon, with over 


39% calcium: 


France `. 


Over 60% but not over 80% silicon, not 


elsewhere classified: 


France ___________ 


— emm. € — wem em. ew emm 


Germany, Federal Republic of |... 


Iceland ___________ 


Norway ..-....---- 


South Africa, Republic of 


Spülhi---------—— 
Sweden ___________ 


Venezuela |... 
Yugoslavia . — 


Over 90% but not over 96% silicon: 


Belgium-Luxembourg - — 


Germany, Federal Republic of ` 


Norway __-____-_-- 


Total ferrosilicon! _ _ 


Silicon metal: 


Over 96% but not over 99% silicon: 


Argentina ________~- 
Belgium-Luxembourg ... 
Brazil. naci tas 


See footnotes at end of table. 


1982 
Quantity 
(short tons) 
Gross Silicon 
weight content 
5,404 2,662 
3,425 1,657 
2,223 1,285 
833 353 
2 1 
55 27 
11,940 5,984 
3,591 2,573 
60 45 
2 2 
935 568 
629 388 
100 64 
209 132 
5,526 3,771 
2,308 1,742 
16,995 12,686 
6,013 4,432 
2 2 
8,044 2,338 
532 397 
112 71 
114 87 
8,764 6,586 
4,131 3,039 
133 83 
8,489 6,352 
50,632 37,816 
698 601 
698 601 
156 150 
40 37 
1,294 1,174 
1,490 1,361 
76,732 52,348 
1,400 
7 
110 
6,012 
40 NA 
99 
20 
1,312 
394 


Value 
(thou- 
sands) 


$1,738 


1983 
Quantity 
(short tons) 
Gross Silicon 
weight content 
1,652 810 
8,684 4,168 
1,433 820 
286 150 
1,048 539 
16,647 7,749 
4,358 2,214 
34,108 16,449 
2,852 1,921 
929 566 
1,562 965 
265 167 
63 39 
5,671 3,658 
2,179 ,663 
22,021 16,510 
19,733 14,905 
3,741 2,814 
513 381 
8,264 6,537 . 
18 14 
1,863 1,323 
27,021 ,384 
323 43 
18,918 13,555 
1,446 ,122 
106,041 19,512 
15 
15 
ê bi 
(2) 3) 
159,443 106,012 
494 
3,710 
as NA 
48 


Value 
(thou- 
sands) 
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Table 5.—U.S. imports for consumption of ferrosilicon and silicon metal, 
by grade and country —Continued 


1982 1983 
Quantity Quantity 
Grade and country (short tons) Moie (short tons) Monts 
ou- ou- 
Gross Silicon sands) Gross Silicon sands) 
weight content weight content 
Silicon metal —Continued 
r 96% but not over 99% silicon — 
Continued 
Sweden ____________________ 1,649 $1,578 553 $512 
United Kingdom ______________ - N | " 1 NA 
Yugoslavia. _________________ 2,324 2,199 2,728 2,132 
Total® 22 ee ek 13,366 NA 13,494 7,535 NA 6,665 
Over 99% but not over 99.7% silicon 
SE IN AI a 1,438 1,426 1,420 1,023 1,014 908 
Belgium-Luxembourg `... EE zr BER (?) (?) 1 
Brazil sao tee yes ees ia 1,991 1,972 1,968 5,926 5,582 5,691 
Canada ____________________ 5,514 5,463 6,251 7,990 7,864 8,698 
China EE 1,035 1,026 1,018 682 676 
France ____________________ 987 981 1,119 1,027 1,020 1,066 
Japan opera a Se ee ee 5 SS mM 
Nor WAY a ti a ts 827 819 867 602 596 
South Africa, Republic of ________ _ 528 520 574 1,462 1,450 1,445 
United Kingdom ______________ (?) (?) (2) "- a em 
Yugoslavia -—- ---------------- Se "S e 1,241 1,215 886 
Total! |. = = = cl- 12,326 12,214 13,246 19,953 19,418 19,699 
Over 99. ahd silicon: 
ee — "- (3) 61 
Asta ENTM NUR A O a (2) (2) 1 3 
Belgium-Luxembourg ----------- (2) (2) 33 1,214 
Bulgaria un io 8 toe en 
Canada nl a a 19 22 bue 
A Lee. 29 1,045 28 889 
Denmark ________~___________ 16 35 22 320 
lj. o e hos A 495 1 255 
German Democratic Republic ` SE EM 7 158 
Germany, Federal Republic of |... 441 NA 17,679 445 NA 15,801 
Taly sao ee er 60 2,757 79 3,608 
SEENEN eg 44 1,793 62 3,077 
Korea, Republic of |... (3) 6 3) 22 
Netherlands |... (3) 6 m 
Poland: 2 crucis de xs 3) (3) 
Sweden ____________________ 52 2 8 
Switzerland _________________ (?) 10 (?) 6 
KUER 24 . 5 157 
United Kingdom ______________ 31 1,202 1 78 
Tote) sae dt Eo 649 NA 25,455 685 NA 25,659 
Total silicon metal! __________ 26,338 XX 52,195 28,173 XX 52,026 
NA Not available. XX Not applicable. 


1Data may not add to totals shown because of independent rounding. 


7Less than 1/2 unit. 


WORLD REVIEW 


Overcapacity and oversupply were the 
principal problems troubling the world fer- 
roalloy industry, mainly due to a contin- 
ually shrinking world steel market. Techno- 
logical developments in the steel industry, 
resulting in less ferroalloy consumption, 
also contributed to a decreasing market for 
these materials. Despite the continually 
shrinking world market, Brazil, Egypt, Ice- 
land, and Yugoslavia added or planned to 


add substantial new ferrosilicon and/or sili- 
con metal capacity. Silicon metal is largely 
independent of the steel world and the in- 
crease in production was primarily due to 
increased demand by the aluminum indus- 
try. Because of the reduced market, fierce 
competition arose among producers at- 
tempting to increase market share and 
offset lost sales. Many countries have ap- 
plied trade restraints to protect their 
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domestic market. Protectionist pressures 
were fueled by the high value of the dollar 
in the United States, by protracted high 
unemployment in Europe, and by the need 
to earn trade surpluses in developing coun- 
. tries to pay off very large debts. 

Following a decision to raise prices for 
ferrosilicon exports to the European Eco- 
nomic Community (EEC) by producers in 
Venezuela, Yugoslavia, Iceland, Norway, 
and Sweden, the EEC decided against tak- 
ing protective action on imports of ferrosil- 
icon from these countries. Investigation by 


the EEC had established earlier that dump- 


ing had occurred and that there had been 
injury to EEC producers. The EEC main- 
tained, however, that the price increases 
would eliminate injury to EEC ferrosilicon 
producers and also eliminate. the dumping 
margin, estimated at 26% for Venezuelan 
and Yugoslavian ferrosilicon exports and at 
12% for exports from Iceland, Norway, and 
Sweden. The EEC also set quotas for duty- 
free imports of ferrosilicon and other fer- 
roalloys and set a minimum price for ferro- 
silicon imports. 

Australia.—Comalco Pty. Ltd. and 
. Agnew-Clough Ltd. planned to establish a 
joint venture company to produce 25,000 
short tons per year of silicon metal. Silica 
raw material will be obtained from Agnew- 
Clough's deposit located north of Perth, 
near the town of Moora. The project was 
expected to be on-stream by mid-1984.? 

Brazil.—Despite the current slump in 
world demand for ferrosilicon and the prob- 
lem of world overcapacity, Brazilian ferroal- 
loy producers are steadily increasing their 
total furnace capacity. Brazilian ferrosili- 
con and silicon metal producers claimed 
several natural cost advantages over other 
producers, including extensive reserves of 
high-purity quartz, ready access to low-cost 
reserves of charcoal, and abundant hydro- 
electric power. 

Camargo Correa S.A., a Brazilian con- 
struction company, received Government 
authorization to build a 35,000-ton-per-year 
silicon metal plant, which will contain four 
8,800-ton-per-year furnaces. The first fur- 
nace was expected to come on-stream by the 
end of 1985, with the remaining three 
scheduled for completion in 1986. Electrical 
power will be furnished by the Tucurui 
hydroelectric project and silicon output will 
be destined exclusively for the export 
market.‘ Italmagnesio S.A., São Paulo, 
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planned to add a 24-megavolt-ampere 
(MVA) furnace in 1984. The new furnace 
will produce either 18,000 tons per year of 
15% ferrosilicon or 12,000 tons of silicon 
metal annually, with all the increased pro- 
duction slated for export. The company’s 
total electric furnace capacity, with the 
addition of the new furnace, will increase to 
about 60 MVA. 

Electrometalur S.A. Indústria e Co- 
mércio, Belo Horizonte, a ferrosilicon pro- 
ducer, put a new 5,000-ton-per-year silicon 
metal furnace on-line early in 1983. Produc- 
tion is scheduled for the export market.* A 
second 6,000-ton-per-year furnace will be 
completed by the third quarter of 1984.’ 
Electrometalur also planned to more than 
double its calcium silicide production. Cia. 
de Ferro-Ligas da Bahia S.A. resumed ferro- 
silicon production in 1983 after a shutdown 
of over 12 years. The company con- 
verted two electric furnaces, previously 
used to produce ferrochromium, to ferrosili- 
con production because of lack of demand. 
Late in the year, one of the furnaces was 
reconverted to ferrochromium production 
after a dramatic increase in demand for the 
material. 

In 1983, the Brazilian state mining organ- 
ization, Cia. Vale do Rio Doce, planned to 
build a 25,000-ton-per-year ferrosilicon fur- 
nace at Nova Era. Mitsubishi Mining Co., 
Japan, is expected to contribute to the 
required $25 million investment, with the 
entire production marked for the Japanese 
market Ferroligas de Minas Gerais, 
Pirapora, planned to expand its current 
ferrosilicon production threefold to about 
12,000 tons per year by 1985. The expansion 
project will include two new electric fur- 
naces that will be able to produce either 
ferrosilicon or silicon metal: 

Egypt.—The Egyptian Ferroalloy Co., a 
new state-owned firm, planned to start two 
of its four 21.5-MVA ferrosilicon furnaces 
early in 1984, with the remaining two fur- 
naces scheduled for operation by the end of 
that year. Full plant production capacity 
was rated at about 62,000 tons per year, of 
which about 44,000 tons has been marked 
for export. Low-cost power will be made 
available from the Aswan Dam hydroelec- 
tric project. Currently, the Egyptian Chemi- 
cal Co. is the only existing producer of 
ferrosilicon, with an óutput estimated at 
about 6,000 tons per year.!* 

France.—Rhóne-Poulenc S.A. and Siltec 
Corp., United States, formed a joint ven- 
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ture, Rhóne-Siltec, to build a $30 million 
silicon wafer factory in France. The agree- 
ment also required Rhóne-Poulenc to buy a 
10% interest in Siltec." Rhóne-Poulenc 
Specialists Chimiques, a wholly owned sub- 
sidiary of Rhóne-Poulenc, and Dainippon 
Ink and Chemicals, Japan, signed an agree- 
ment for the creation of a joint venture to 
produce and market silicone products in 
Japan.!? 

Germany, Federal Republic of.—North 
America Silica Co., a joint venture company 
formed by Degussa AG, Frankfurt, and 
Philadelphia Quartz Corp. (PQ), United 
States, began construction of a microfine 
precipitated silica plant on a site next to 
PQ's Chester, PA, silicate manufacturing 
facility. PQ will provide sodium silicate raw 
material for the precipitated silica oper- 
ation, which will use Degussa technology. 
Microfine precipitated silicas are used in a 
wide variety of specialty applications such 
as reinforcing fillers for elastomers and 
rubber products, as free-flow anticaking 
agents, and as carriers for vitamins and 
pesticides.!* 

Iceland.—Icelandic Metal PLC con- 
tracted with Mannesmann Demag, Federal 
Republic of Germany, for a complete silicon 
metal plant including engineering and aux- 
iliary equipment to be built at Reydorf- 
jordur. The order included two submerged 
arc furnaces with an installed load of 33 
MVA each. The plant, with an annual 
capacity of about 25,000 tons per year, will 
need to import all of its raw materials, 
while the entire output will be exported.!* 

India.—Ferrosilicon production fell off 
sharply in 1983 because of power cuts in 
Orissa and Karnataka. However, produc- 
tion recovered somewhat with the begin- 
ning of good monsoon weather throughout 
the country. Sandur Manganese Iron Ores 
Ltd., Karnataka, converted one of its 20 
MVA furnaces, previously used for ferrosili- 
con production, to 76% to 78% ferroman- 
ganese production. Nava Bharat Ferro Al- 
loys Ltd., Andhra Pradesh, installed a third 
16.5-megawatt Soviet furnace to be used for 
calcium silicon production. Another plant, 
with a capacity of about 10,000 tons per 
year of ferrosilicon, was scheduled to start- 
up in 1983 in Andhra Pradesh. Its furnace 
was also supplied by the U.S.S.R."5 

Japan.—The basic problem of the Japa- 
nese ferroalloy industry was that of high 
electricity cost. The industry has been desig- 
nated as one that came under Japan's new 
5-year Specific Industries Restructure Law 
that came into effect July 1 and replaced 
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the Depressed Industries Law. Energy- 
intensive products such as ferrosilicon and 
silicon metal have been hardest hit by high 
energy costs. The Ministry of International 
Trade and Industry was expected to review 
a plan that would further reduce Japan’s 
ferrosilicon capacity by about 14% to 
330,000 tons per year by 1986. The balance 
of the country’s total demand would be met 
by imports. Nippon Keiso, Japan’s only 
silicon metal producer, ceased production at 
its Minamata plant at the end of 1982. This 
action made it necessary for Japan to rely 
solely on imports to meet its domestic de- 
mand for silicon metal in 1983. Demand for 
the metal comes mainly from the alumi- 
num, chemical, and the semiconductor in- 
dustries. Since there was no longer a pro- 
ducer, domestic consumers called for tariff 
removal. Japan imported an alltime high of 
about 88,000 tons of silicon metal, about a 
30% increase over that of 1982. China, 
Norway, the Republic of South Africa, 
France, and Brazil were the main sources. 
Imports of ferrosilicon were about 300,000 
tons, about a 15% increase over those of 
1982. Norway, Brazil, Venezuela, the Philip- 
pines, France, Canada, Yugoslavia, and the 
Republic of South Africa were the principal 
suppliers of ferrosilicon. In response to the 
very high level of ferrosilicon imports, Ja- 
pan’s ferrosilicon producers have prepared 
a report aimed at prompting an antidump- 
ing investigation against seven countries.!* 

Japan's quotas for preferential tariff im- ' 
ports of ferrosilicon and other ferroalloys 
from developing countries for fiscal year 
1983 were little changed from those of 1982. 
The quota for ferrosilicon was 14,000 tons. A 
normal tariff of 3.8% is applied to imports 
above this quantity.” 

Shin-Etsu Itandotai Co. planned to start 
in the spring of 1984 on a new $62.5 million 
plant for silicon monocrystals and wafers in 
Iwaki City. The facility will be capable of 
producing about 17 tons of high-purity sili- 
con ingot and 500,000 wafers per month in 
diameters of 4, 6, and 8 inches. The plant 
was scheduled for completion early in 1985. 
Mitsubishi Metal Corp. planned to begin 
work on a new $25 million facility that 
would double its silicon ingot production to 
about 9 tons per month. The company's 
monocrystals are processed into wafers at 
its subsidiary, Nippon Silicon Co Produc- 
tion of polycrystalline silicon for the Japa- 
nese semiconductor industry was approxi- 
mately 652 tons, down slightly from about 
666 tons in 1982.19 
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Norway.—Production of silicon metal and 
alloys recovered strongly in 1983. Producers 
were reported to have operated at near 
capacity for the year. In April, Bjólvefossen 
AS, Elkem AS, Hafslund AS, lla og Lilleby 
Smelteverker AS, and Orkla Metall AS 
called off their discussions concerning a 
possible merger of their operations. The 5 
companies control 11 ferroalloy plants. A 
major obstacle apparently was the question 
of transfer of power rights to the proposed 
new company, which would have required 
parliamentary approval. A sixth ferroalloy 
producer, Tinfos Jernverk AS, was not 
involved in the merger discussions.? 

Elkem offered for sale one-half of its 
interest in Icelandic Alloys Ltd., Iceland, a 
ferrosilicon concern. Negotiations for sale 
were conducted with Sumitomo Metal Min- 
ing Co. Ltd. of Japan. The Icelandic Govern- 
ment holds majority ownership of the 
plant.? Elkem's 25,000-ton-per-year silicon 
metal furnace at its Fiskaa works, which 
was shut down owing to problems with the 
lining, was brought back on-line early in 
1983. The stoppage apparently caused delay 
in meeting some deliveries.? Bjólvefossen 
planned to convert its four ferrochromium 
furnaces to ferrosilicon production if the 
Government implemented stringent new 
pollution regulations. The Finnfnes plant, 
which was brought back on-line earlier in 
the year under new ownership, Finnfjord 
Smelteverk AS, brought the last of its three 
furnaces on-line in October, which would 
add about 24,000 tons per year of ferrosili- 
con for export. Tinfos converted at least one 
ferrosilicon furnace to silicon metal produc- 
tion, resulting in a decrease of alloy produc- 
tion by about 5,000 to 10,000 tons per year.?* 

Philippines.— Maria Cristina Chemical 
Industries (MCCD and two Japanese compa- 
nies, Nippon Kokan K.K. and Marubeni 
Corp. planned to build a 15,000-ton-per- 


MINERALS YEARBOOK, 1983 


year ferrosilicon plant on Mindanao. A new 
company, the Mindanao Ferro-Alloy Co., 
will be established with MCCI, the majority 
owner. The new plant was expected to begin 
operation in October 1984 with the entire 
output destined for the Japanese market. 
Existing Philippine ferroalloy producers 
suffered a severe electricity shortage in 
1983.74 

Portugal.—Milnorte-Metalurgia do Norte 
S.A.R.L.’s two silicon metal furnaces were 
out of operation during the year. Cia. 
Portugesa de Fornos Electrico S.A.R.L. 
announced that its production remained at 
about 12,000 tons per year.?* Fornos Electri- 
co was reported to have prepared a 12,000- 
ton-per-year furnace for production and was 
awaiting Government approval for startup. 
Output would be destined for the free 
market.?e 

Spain.—Hidro Nitro Espanolas S.A. noti- 
fied the Spanish Government in midyear 
that it planned to halt ferrosilicon produc- 
tion unless some agreement was reached on 
reduced electricity rates for the industry. 
Spain's ferroalloy producers have claimed 
that they were forced to pay much higher 
electricity prices than their European 
competitors." Silicio de Sabon planned to 
resume production of silicon metal for ex- 
port in October, after a break of over 1 year. 
The startup was made possible by a reduc- 
tion in electricity costs of 1.40 pesetas per 
kilowatt hour and sharply improved prices 
for silicon metal in the international 
market.?* | 


Yugoslavia.—Dalmacija Metallurgical 


Industry planned to bring on-stream a new 


30-megawatt ferrosilicon furnace at its fer- 
roalloy plant at Dugi Rat. The furnace, 
supplied by Elkem, Norway, will provide 
about 25,000 to 30,000 tons per year of 
ferrosilicon for the export market.?? 


TECHNOLOGY 


High-technology ceramics such as silicon 
carbide, silicon nitride, and sialon (a materi- 
al of silicon, aluminum, oxygen, and nitro- 
gen) have seen little use as load-bearing 
machine and engine components because 
they are too brittle. The tendency of techni- 
cal ceramics to break has been getting 
much attention from researchers. Develop- 
ment of procedures to produce flaw-free 
parts is essential if a practical ceramic 
engine is to be built. Flaws that can lead to 
catastrophic failure are much smaller than 


critical size flaws in metal parts, making 
detection of cracks in ceramic parts very 
difficult. However, advances in processing 
and design engineering are expected to 
improve the reliability of ceramics. Because 
of their resistance to wear, corrosion, 
chemical attack, and thermal shock, techni- 
cal ceramics have found application in 
high-temperature heat-recovery systems, 
chemical-processing, oil and gas recovery 
equipment, cutting tools, and coatings for 
engine parts, among others. High-tech- 
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nology ceramic raw materials are relatively 
widely distributed and inexpensive. An im- 
portant consideration in research and devel- 
opment programs is the possible substitu- 
tion of ceramics for strategic materials such 
as cobalt, titanium, and manganese.?? 

Isuzu Motors, Japan, partly owned by 
General Motors Corp., announced that it 
had developed a ceramic diesel engine that 
reduces fuel consumption by 50%, as com- 
pared with a conventional diesel engine. 
Ceramics are used in headliners, head 
valves, and exhaust manifolds, making up 
about 10% of the total weight of the engine. 
Isuzu reported that the engine needs no 
cooling units.*! 

Hitachi Chemical Co. Ltd., Japan, an- 
nounced development of a new ceramic, 
with applications in automobile engines, 
gas turbines, and other heat-resistant struc- 
tural equipment. The new ceramic is pro- 
duced by sintering silicon carbide powder 
with a proprietary additive. Cylinders, pis- 
tons, and piston pins of diesel engines, made 
of this material, were claimed to have been 
successfully tested.?? Carborundum Resist- 
ant Materials Co.'s Advanced Materials 
Div., Niagara Falls, NY, began construction 
early in 1983 of a $2.7 million facility for 
manufacturing its sintered alpha silicon 
carbide. The material is a hard, strong 
ceramic that is resistant to abrasion, corro- 
sion, oxidation, thermal shock, and chemi- 
cal attack. It reportedly has found accept- 
ance as a replacement for tungsten carbide 
wear parts, such as oil and gas drilling 
components, sand blast nozzle inserts, and 
seals; another commercial application may 
be in turbocharger rotors.3? Sintered alpha 
silicon carbide has been tested successfully 
in several engine applications including an 
unlubricated, uncooled two-cycle diesel en- 
gine. Carborundum and Hitachi agreed to 
form a joint venture company to produce 
and market Carborundum’s sintered alpha 
silicon carbide in Japan. The new company, 
Hitachi-Carborundum Co., will be equally 
owned by its parents.** W. R. Grace & Co., 
United States, and Feldmuehle AG, Federal 
Republic of Germany, announced the for- 
mation of an equal partnership, Grace- 
Feldmuehle Motor Ceramics Co., to study 
the world market for the use of ceramic 
materials in internal combustion engines.35 

The Ford Motor Co. announced that it 
had developed a silicon nitride ceramic for 
cutting tools that will permit the machin- 
ing of cast iron components at much higher 
speeds than with currently available tools. 
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The new ceramic material, which is ex- 
tremely tough and can only be cut with a 
diamond, has been licensed by Ford for 
cutting tool applications to ISCAR Metals 
Inc., NJ.” Valeron Corp.'s Valenite division 
planned to open a new ceramic products 
manufacturing facility at Madison Heights, 
MI. The new plant will produce high-quality 
ceramic cutting material and cutting 
inserts. Dow Corning Corp., United States, 
signed a marketing agreement with Nippon 
Carbon Co. Ltd., Japan, to market silicon 
carbide fibers in the United States. The 
fibers are expected to find application in 
ceramic composites and aluminum-based 
metal matrix compounds.** Gorham Inter- 
national Inc., Gorham, ME, announced 
plans to study the production of advanced 
ceramics such as silicon carbide, silicon 
nitride, and sialon, by sintering and hot 
isostatically pressing them.” NGK Insula- 
tors Ltd., Nagoya, Japan, announced plans 
to begin commercial production of silicon 
nitride rotors for turbochargers by May 
1984. Rotors made of silicon nitride weigh 
about one-third less than those made from 
heat-resistant nickel alloy, and enables 
quicker acceleration due to reduced inertia 
effects. The company claimed that the ce- 
ramic rotor can be revolved at 500 meters 
per second at temperatures of 1,000° Ca 
Sermatech, Limerick, PA, a subsidiary of 
Teleflex Inc., acquired United Technologies 
Metal Products Inc. The purchase includes 
patents for Gator-Card systems used to 
apply ceramic coatings and other metallic 
coatings in the energy drilling industry.* 
Photovoltaic cells are not yet economical 
in consumer power applications. However, 
they are cheap and reliable enough to 
compete in a number of high-value remote 
power uses such as navigational aids, tele- 
communications, irrigation pumps, and 
other remote areas without access to any 
grid. While single-crystal cells continue to 
dominate the industry, they are costly to 
produce, and the achieved conversion effi- 
ciency is still not high enough to compete 
with conventional power sources. Multi- 
junction amorphous silicon cells, silicon 
concentrator cells, and single-crystal silicon 
ribbon are other approaches reported to 
have a chance of meeting the cost and 
efficiency thresholds needed for bulk power 
generation.*? Sharp-ECD Solar Inc., Japan, 
started commercial production of amor- 
phous solar cells by a continuous process in 
a plant in Shingo. The amorphous solar cell 
material is made by deposition of a double 
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layer of amorphous silicon on stainless steel 
sheets. The material will be used initially in 
solar-powered calculators produced by 
Sharp Inc., Japan.* Arco Solar Inc., a sub- 
sidiary of Atlantic Richfield Co., began 
work on a 16-megawatt photovoltaic 
powerplant in San Luis Obispo County, CA. 
Pacific Gas and Electric Co. will purchase 
the electricity generated by the plant. The 
first phase of the project, about 6 megawatts 
of output, has been scheduled for comple- 
tion by March 1984. Reflectors will track 
the sun on double axis trackers, reflecting 
the light onto higher-efficiency photovoltaic 
panels to increase the amount of sunlight 
striking the panels.** Standard Oil Co. of 
Indiana (Amoco) completed its $12 million 
acquisition of Solarex Corp. in September 
1983. The takeover also included Solarex's 
subsidiary, Semix Inc., WV, which produces 
raw silicon that Solarex turns into solar 
cells. Amoco had already owned 38% of 
Solarex.*5 

Researchers at the University of New 
South Wales, Australia, reported produc- 
tion of a silicon cell that converts sunlight 
into electricity at an efficiency of 18%, a 
considerable improvement over that pres- 
ently achieved in commercial solar cells. 
The new cells were claimed to last 20 years 
or longer and to have applications in remote 
areas where there is no other source of 
electricity available. The Solar Energy 
Research Institute, Golden, CO, reported 
achieving a conversion efficiency of nearly 
5% for large-area amorphous silicon solar 
cells. Photovoltaic modules made from thin- 
film amorphous silicon on a glass substrate 
and produced by Chronar Corp. Prince- 
ton, NJ, were used. One advantage of 
amorphous-silicon solar cells is the possibili- 
ty of mass producing them at a much lower 
cost than that of single-crystal photovoltaic 
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cells.* 
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Silver 


By Robert G. Reese, Jr: 


In 1983, as in the past several years, the 
silver price was dominated more by investor 
interest in the metal than by industrial 
demand. The generally higher daily prices 
in 1983 encouraged exploration not only in 
the United States but in other countries 
such as Australia and Canada. Capacity 
expansions were completed at a number of 
mines, and some new operations began 
commercial production during the year. 
Higher prices and an improved economic 
outlook encouraged companies to reopen 
some facilities closed during the 1982 reces- 
sion. Although 1983 was more encouraging 


than 1982 for silver producers, industrial 
silver consumers used less silver than in 
1982. The lower industrial silver consump- 
tion was due in part to the higher silver 
price and to a lower-than-expected demand 
for some manufactured goods. 

Domestic Data Coverage.—Domestic 
mine production data for silver were devel- 
oped by the Bureau of Mines from four 
separate, voluntary surveys of U.S. oper- 
ations. Typical of these surveys was the 
lode-mine production survey of gold, silver, 
copper, lead, and zinc mines. Of the 162 lode 
silver operations to which a survey form 


Table 1.—Salient silver statistics 


1979 1980 1981 1982 1983 
United States: 
Mine production... thousand troy ounces. _ 37,896 32,329 40,683 ™40,248 43,415 
ECH EEN thousands__ $420,261 $667,278 $427,922 "$319,975 $496,671 
Percentage derived from: 
Precious metals ores- ________________ 51 51 54 68 76 
Base metal ores_______.__ SES 49 49 46 32 24 
NEE (2) (7) (2) (4) (!) 
Refinery production: 
Domestic and foreign ores and concentrates 
thousand troy ounces. . 50,761 39,353 47,007 44,170 50,450 
Secondary (old scrap) _____________ _ do ... 39,729 53,131 39,067 27,171 25,549 
xports: l 
Refined --—----------------——- do... 16,332 91,206 15,131 12,876 13,658 
Other vul e LL ge do... 19,231 23,645 12,712 12,594 18,294 
Imports for consumption: 
Refined --------------------—- do... 78,372 64,859 75,921 96,917 161,199 
OUD ununi ee do_ ___ 14,009 13,936 18,194 20,541 18,692 
Stocks, Dec. 31 
Industry. = c ei LU LE do ___ 16,002 17,255 20,875 720,461 17,673 
Futures exchanges________________ do- --- 133,129 120,798 96,511 106,182 151,232 
Consumption: 
Industry and the arts ______________ do... 157,258 124,694 116,670 118,840 116,291 
Coinage ia eene E ear SE do___-_ 168 72 179 1,846 2,128 
Price, average per troy ounce? ________________ $11.09 $20.63 $10.52 $7.95 $11.44 
e Employment BEE AAA 1,800 2,400 3,600 2,900 2,400 
orld: 
Mine production... — thousand troy ounces__ "348,120 "344,026 361,781 P383,766 ‘£390,618 
Consumption:* 
Industry and the arts |... do____ 74342200  !354,500 "336,800 "348,700 348,000 
Coinage ios EE do: — 27,800 13,700 79.000 712,800 18,600 
*Fstimated. Preliminary. "Revised. 
1Less than 1/2 unit. 
"Handy € Harman. 


"Mine Safety and Health Administration. 


*Market economy countries only. Source: Handy & Harman. 
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was sent, 56% responded, representing 
98.7% of the total U.S. mine production 
figures shown in tables 1, 2, 3, 5, 6, and 7. 
Production for the remaining 71 firms was 
estimated using prior reported production 
levels adjusted for economic trends and 
other sources, such as company annual 
reports, news or journal articles, or State 
agency reports. 

Legislation and Government Pro- 
grams.—The U.S. Department of the Treas- 
ury continued sales of the silver coins com- 
memorating the 1984 Summer Olympics 
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scheduled to be held in Los Angeles, CA. 
Initially, the coins dated 1983 sold for $24.95 
each; however, in late January 1983, the 
Bureau of the Mint raised the price to 
$29.00 because of rising gold and silver 
prices. In May, Maison Lazard et Compag- 
nie of France was chosen by the Treasury 
Department as sole foreign marketing 
agent for the coins. Blanks for the coins 
were supplied by Handy & Harman and 
Engelhard Corp. The coin was struck at the 
Philadelphia, Denver, and San Francisco 
Mints. 


DOMESTIC PRODUCTION 


Silver production was reported at 168 
mines including 16 placer operations. Silver 
was produced from precious metal ores at 
120 mines while 29 mines produced silver as 
a byproduct of the processing of copper, 
lead, and zinc ores. The 25 largest mines 
accounted for 87% of total domestic mine 
output. Twelve mines each produced more 
than 1 million ounces? of silver, which when 


aggregated, equaled 71% of the total domes- - 


tic production. 

Generally higher precious metal prices, 
along with continued low base metal prices, 
resulted in increased exploration for and 
development of precious metals properties 
in the United States. Most reported explora- 
tion for silver and development of new 
properties occurred in the Western States, 
primarily Idaho and Nevada. The higher 
silver prices also prompted the upgrading of 
existing facilities and the reopening of some 
recently closed mines. Despite the reopen- 
ing of several copper mines however, the 


production of byproduct silver from copper. 


operations remained low. 
Alaska.—Progress continued on the de- 
velopment of Noranda Mining Inc.'s Greens 
Creek Project. In late 1983, the U.S. Forest 
Service accepted the Environmental Impact 
Statement submitted by Noranda for the 
project. Development of the underground 
mine could proceed, with the restriction 
that workers be housed in Juneau, 18 miles 
from the site. The project, located primarily 
in the Admiralty Island National Monu- 
ment area, contains zinc, lead, silver, and 
gold. Anaconda Minerals Co. purchased a 
33.8% interest in the project from Martin 
Marietta Corp. during the year. Other part- 
ners in the Greens Creek Project besides 
Noranda and Anaconda were Exalas Re- 
sources Corp., Texas Gas Exploration Corp., 
and Bristol Resources Inc. | 


An informal survey of Alaskan silver 
producers by the Alaska State Division of 
Geological and Geophysical Surveys indicat- 
ed that over 33,000 ounces of silver was 
produced in Alaska during the year com- 
pared with 4,123 ounces reported to the 
Bureau of Mines on a voluntary basis by 
producers. 

Arizona.—Lower copper production re- 
sulted in lower byproduct silver production 
for the State. Despite the depressed state of 
the domestic copper industry, relatively 
high silver prices, industry forecasts of a 
near-term recovery in the copper industry, 
and other factors encouraged some compa- 
nies to reopen copper mines during the 
year. ASARCO Incorporated resumed lim- 
ited production at the Silver Bell Mine in 
late 1983 to provide additional feed to Asar- 
cos Hayden, AZ, smelter where a new 
oxygen flash furnace had been installed. 
The Silver Bell Mine had been closed since 
December 1981. Kennecott reopened the 
Ray Mine, originally closed in May 1982. 
Southwest Resources Inc. reopened the 
State of Maine Mine, a silver-gold deposit 
that had been inactive for over 70 years. 
Initial production at the State of Maine 
Mine in 1983 was from gob stored under- 
ground and the reject material from prior - 
hand sorting of high-grade ore. Continental 
Silver Corp. began production at its Review 
Mine. The ultimate production target for 
the mine was expected to be between 220 
and 330 short tons of silver-gold ore per day. 

Colorado.—The Sherman Mine, closed in 
January 1982 because of low silver prices 
and limited reserves, was reactivated in 
January 1983 by Hecla Mining Co. Initial 
activities involved exploration, develop- 
ment, and assessment work. The mine re- 
turned to production in June, producing 
over 210,000 ounces of silver during the 
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remainder of the year? Homestake Mining 
Co. reported lower production costs at its 
Bulldog Mine, owing in part to the replace- 
ment of some slusher systems by load-haul- 
dump machines. Production at the Bulldog 
Mine was nearly 1.3 million ounces.‘ The 
Resurrection Mine, a joint venture of Asar- 
co and Resurrection Mining Co., reported 
silver production of 369,000 ounces.’ 

Idaho.—The Crescent Mine, one of the 
assets of The Bunker Hill Corp. sold to 
Bunker Limited Partnership in late 1982, 
was reopened in late 1983. Ore from the 
mine was to be milled on the Crescent 
circuit at the Bunker Hill mill in early 1984. 
The first shipment of ore from the mine was 
received at the mill in mid-December 1983. 
Employment at the mine was expected to be 
between 70 and 80 nonunion workers. 

The Clayton Mine reopened in December 
1982 after being closed for several months 
because of low silver prices. Operations 
were suspended after an October 28, 1983, 
earthquake, which registered 6.9 on the 
Richter scale, struck the area, causing flood- 
ing in the lower levels of the mine through 
increased ground water flow. No structural 
damage was reported at the mine. Prior to 
the earthquake, Clayton Mine production 
reportedly had been at record-high levels. 
The mine remained closed through yearend 
while a new pumping system with increased 
capacity was installed. Estimated silver pro- 
duction was reported to be 177,500 ounces. 

The Lucky Friday Mine was the largest 
U.S. silver producer during the year, with 
a reported output of nearly 5.1 million 
ounces. The new Silver shaft at the mine 
reached 6,205 feet and was dedicated in 
mid-August. The first ore was hoisted 
through the shaft in October. Hecla, owner 
and operator of the Lucky Friday Mine, 
. expects that the shaft will allow continued 
high production from the mine and increas- 
ed exploration of company holdings. 

The Sunshine Mine returned to full ca- 
pacity operation in February 1983 after 
being closed from June through December 
1982 because of low silver prices. Silver 
production at the Sunshine Mine was near- 
ly 4.5 million ounces.* The No. 12 shaft at 
the mine was completed to its planned 
depth, and horizontal development work 
proceeded. A number of mineralized inter- 
cepts were encountered, and a connection 
between the No. 12 shaft and No. 10 shaft 
was completed. The existing labor contract 
at the mine, scheduled to expire in April 
1984, was extended for 3 years. 

The Sunshine Mining Co. decided to ex- 
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pand the capabilities of its silver refinery in 
Idaho. The existing facilities were limited to 
processing doré from Sunshine Mining's 
Sixteen-to-One Mine in Nevada. In De- 
cember 1983, a contract was let to Wey- 
her/Livsey Constructors to expand the facil- 
ities at the refinery so that concentrates 
from the Sunshine Mine could also be treat- 
ed. During the year, Sunshine Mining pro- 
duced over 947,000 ounces of silver bullion 
from Sixteen-to-One doré and from custom 
smelting for outside sources. 

Development work at the Consolidated 
Silver Venture proceeded with the comple- 
tion of shaft development to a depth of 5,524 
feet. Exploration and horizontal develop- 
ment work continued, but there was no 
commercial production recorded from the 
mine. Asarco reported that 2.6 million 
ounces and 3.8 million ounces of silver were 
produced at the Coeur and Galena Mines, 
respectively. 

Montana.—Asarco and U.S. Borax Corp. 
continued exploration of their claims in the 
Cabinet Mountains Wilderness area. Both 
companies reported that the area had the 
potential to contain a deposit larger than 
the deposit currently being mined at the 
Troy Mine. Production began in Placer 
Development Ltd.’s Golden Sunlight Mine 
in early 1983. At the end of June, The 
Anaconda Company suspended operations 
at its East Berkeley Pit, reportedly because 
of low copper and molybdenum prices. Re- 
ported silver production at selected mines 
was Black Pine Mine, 1.2 million ounces; 
Troy Mine, 4.0 million ounces; and the 
Zortman Mine, 67,000 ounces. 

Nevada.—The Candelaria Mine, reopened 
in December 1982 after being closed because 
of low silver prices, returned to full produc- 
tion in July 1983. In early 1983, NERCO 
Minerals Co. acquired the outstanding stock 
of Occidental Minerals Corp., thereby ob- 
taining a controlling interest in the Cande- 
laria Mine. NERCO Minerals purchased the 
remaining 8% interest in the mine and 
became the sole owner in early November. 
Silver King Mines Inc. began driving two 
12- by 12-foot decline tunnels to develop its 
Ward Mountain property. At the Battle 
Mountain Mine, Duval Corp. began expand- 
ing mill capacity in order to handle ore 
from the nearby Fortitude deposit. Pacific 
Silver Corp. began construction of a 300-ton- 
per-day mill at its Buckskin property, and 
Belmont Resources Inc. began leaching ore 
at its Silver Center Mine. Sunshine Mining 
reported that over 902,000 ounces of silver 
was produced from ore mined at the Six- 
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teen-to-One Mine. 

Utah.—Sunshine Mining expanded its 
holdings in the Tintic mining district by 
acquiring HMC Mining Inc. in early June. 
The acquisition increased Sunshine Min- 
ing’s holdings in the area from 1,387 acres 
to 12,751 acres. Earlier in the year, HMC 
purchased Kennecott’s Tintic Div. with the 
backing of Sunshine Mining. Sunshine Min- 
ing began exploration activities at the Trix- 
ie Mine, one of the properties in the HMC 
acquisition. In December, Sunshine Mining 
entered into a contract to supply Kenne- 
cott’s Garfield copper smelter with flux ore 
from the Trixie Mine. Initial ore shipments 
were made in late December. In other 
activity in the Tintic District, Sunshine 
Mining began deepening the Apex No. 2 
shaft in late 1983, preparatory to con- 
ducting further exploration work on the ore 
reserves at the Burgin Mine. 

Ranchers Exploration & Development 
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Corp., which operated the Escalante Mine 
under a lease agreement, acquired owner- 
ship of the mine by a stock exchange with 
Escalante Silver Mines Co. Inc. in late 1983. 
Other States.—Asarco decided to proceed 
with underground development at its West 
Fork Mine, located in Missouri, in October. 
The mine had been placed on a standby 
status after the mill and other surface 
facilities were completed in June because of 
conditions in the lead market. A new 400- 
ton-per-day flotation mill installed by Gold- 
field Corp. at its St. Cloud Mine, in New 
Mexico, began operation in September. In 
May, Phelps Dodge Corp. reopened the Ty- 
rone Mine in New Mexico. Madre Mining 
Ltd. began commercial production at its 
Deer Trail Mine, in Washington, in late 
1983. Hecla announced that its Knob Hill, 
WA, operations would probably be closed in 
early 1984 because of declining reserves. 


CONSUMPTION AND USES 


U.S. industrial consumption of silver de- 
clined because higher prices and rumors of 
a supply shortage encouraged silver conser- 
vation by some manufacturers. Some con- 
servation methods included substitution or 
a reduction in the quantity of silver per 
unit. Another factor in the lower silver 


consumption data was a lower-than-ex- 
pected demand for some electronic prod- 
ucts, such as personal computers. End-use 
categories that showed an increase in silver 
consumption were those that provided the 
consumer with a “perceived store of value." 


STOCKS 


Refiner, fabricator, and dealer stocks de- 
clined during the first half of 1983 to 14.4 
million ounces from 20.5 million ounces at 
yearend 1982. During the second half of 
1988, industrial stocks increased to 17.7 
million ounces. The fluctuations in industri- 
al stock levels were due in part to move- 
ment in the silver price and continued high 
U.S. interest rates, which affected the cost 
of holding silver stocks. 

Silver depository stocks held by Commod- 
ity Exchange Inc. (COMEX) increased to 
106.4 million ounces by the end of February 
from 90.7 million ounces at yearend 1982. 
COMEX stocks then declined to 89.9 million 
ounces at the end of May before rising to 
over 130 million ounces in November. COM- 
EX stocks declined slightly by yearend 1983, 


but remained much higher than at yearend 
1982. The depository stocks held by the 
Chicago Board of Trade (CBT) remained at 
nearly the same level as at yearend 1982 
during the early months of 1983. In May, 
CBT stocks increased 3.4 million ounces to 
19 million ounces and remained near this 
level through September. CBT stocks rose to 
over 25 million ounces in November before 
declining slightly in December. As with the 
COMEX stocks, the silver depository stocks 
on the CBT were much higher at yearend 
than they had been a year earlier. 

The National Defense Stockpile contain- 
ed 137.5 million ounces of silver at yearend. 
All of the silver remained classified as 
excess to U.S. defense needs. 
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PRICES 


AR 


Analysts attributed price increases early 
in the year to investor concerns about the 
potential impact on international banking 
of a default by one or more of the lesser 
developed countries with a large foreign 
debt. Other factors that contributed to a 
rising price were optimistic economic fore- 
casts, which resulted in increased inflation- 
ary expectations, and declining U.S. inter- 
est rates, which reduced the cost of holding 
precious metals. Declining oil prices in Feb- 
ruary were believed to have caused the 
rapid decline in the silver price because of 
the disinflationary implications of cheaper 
oil and the potential impact on oil-pro- 
ducing nations. A subsequent agreement 
among Organization of Petroleum Export- 
ing Countries’ members concerning oil 
prices and production allocations, along 
with declining U.S. interest rates, were 
believed to have been factors in silver price 
increases during April and May. Analysts 
attributed the decline in the silver price 
during June to selling, owing to the belief 
by some investors that U.S. interest rates 
had stopped falling, thereby making invest- 
ments such as certificates of deposit, or 
bonds, with a specific financial return and 
no storage costs, more attractive. 

During the July-September period, the 
silver price remained stable, with price 
movements resulting from investor reac- 
tions to information on the U.S. money 
supply and changes in US interest rates. 


The price decline that began in October was 
attributed by various analysts to flat indus- 
trial demand, increasing stocks of silver on 
the commodity exchanges, and a reduction 
in inflationary expectations because of a 
slowing in U.S. money supply growth. A 
strong U.S. dollar in relation to other cur- 
rencies, the weak industrial demand, and 
declining fears of an international banking 
crisis were among the factors affecting the 
falling silver price near yearend. 

Prices on the London Metal Exchange 
(LME) followed the same pattern as in the 
United States. The price increased from 
$11.06 per ounce at the beginning of Janu- 
ary to $14.67 per ounce in the middle of 
February, then declined to $10.24 per ounce 
before rising to over $13.00 per ounce by the 
middle of May. In June, the price declined 
and remained in the $11.00-to-$12.00-per- 
ounce range through September. The price 
declined again in October, falling to less 
than $9.00 per ounce. The LME daily high 
and low prices for the year were $14.67 on 
February 15 and $8.37 on November 1, 
respectively. The average for the year was 
$11.45 per ounce. 

- The silver trading volume on COMEX 
was 32.2 billion ounces, more than double 
the 14.2 billion ounces traded in 1982. The 
trading volume at the CBT also more than 
doubled in 1983 with 2.8 billion ounces 
being traded compared with 1.2 billion 
ounces in 1982. 


FOREIGN TRADE 


Increased trading of silver on the futures 
exchanges and an increase in the supply of 
material to be refined were probably the 
main factors in the higher U.S. silver ex- 
ports for the year. 

Imports for consumption from the United 
Kingdom were over 500% higher than in 
1982, probably because of the increased 
silver trading on the commodity exchanges, 
although local British laws may also have 
been a factor in the increased exports. The 
quantity of silver imported from Canada, 
Mexico, and Peru remained near past lev- 
els. Imports from Canada declined by 1.5 
million ounces, while imports from Mexico 
and Peru increased by nearly 4.0 million 
ounces and 5.6 million ounces, respectively. 

Most of the refined bullion entered the 
United States during the first 9 months of 
the year, when bullion imports averaged 
nearly 16 million ounces per month. August 


was the peak month for this period, with 
over 27.3 million ounces of refined bullion 
entering the United States. During the 
fourth quarter, refined bullion imports 
dropped significantly, averaging 5.8 million 
ounces per month. 

Imports for consumption of ore and con- 
centrates increased primarily because of 
increased imports from Peru. Lower ship- 
ments from Brazil accounted for most of the 
decrease in waste and sweepings imports, 
while the elimination of doré and precipi- 
tates imports from the Netherlands, along 
with lower doré and precipitates imports 
from Peru, accounted for most of the de- 
crease in this category. 

The United States was a net importer of 
silver. Net import reliance calculated as a 
percent of apparent consumption was a 
proximately 61%. | 
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WORLD REVIEW 


The increase in world mine production 
of silver was due in part to the relative 
strength of the silver price compared with 
the prices for most other metals, to the need 
by many developing countries to earn for- 
eign exchange for debt repayment, and to 
initial production and capacity expansions 
at various mines. Following a significant 
increase in mine production, Mexico regain- 
ed the distinction of being the world’s larg- 
est silver-producing nation. 

Reported estimates of the total consump- 
tion of silver by market economy countries, 
excluding the United States, totaled 235.4 
million ounces, a decrease of nearly 5 mil- 
lion ounces from the revised figures for 
1982.7 Of the 235.4 million ounces consum- 
ed, 228 million ounces was used in indus- 
trial applications, a decrease of nearly 2 
million ounces from the 1982 level. The 
remaining 7.4 million ounces was used for 
coinage, a decrease of 3 million ounces from 
the 1982 figure. 

Total consumption by all market econo- 
my countries, including the United States, 
exceeded their primary production by 58.6 
million ounces in 1988 according to Handy 
& Harman estimates. The shortfall was met 
with silver obtained from the following 
sources: old scrap, 88.5 million ounces; 
outflow from Indian stocks, 46.8 million 
ounces; demonetized coins, 8 million ounces; 
and withdrawals from U.S. and foreign 
government stocks, 14.8 million ounces, 
which was offset by increases in privately 
held bullion stocks of 99.5 million ounces. 

Australia.—The Electrolytic Zinc Co. of 
Australasia Ltd. began commercial produc- 
tion at its Elura Mine in New South Wales. 
Reserves at the mine were estimated at 
nearly 30 million tons of ore containing 
8.3% zinc, 5.6% lead, and 4.5 ounces of 
silver. Design capacity of the mine was 1.1 
million tons of ore per year. 

MIM Holdings Ltd., 44% owned by Asar- 
co, produced 15,956,000 ounces of silver in 
fiscal year 1983 compared with 14,913,000 
ounces in fiscal year 1982 and 11,768,000 
ounces in fiscal year 1981. The production 
for fiscal year 1983 represented the first full 
year of production following a 20% capacity 
expansion at the Mount Isa Mine. Develop- 
ment work was continued at the Hilton 
Mine, a potential future ore source for the 
Mount Isa operation. Silver production at 
Phelps Dodge’s Woodlawn Mine declined by 
327,000 ounces to 1,035,000 ounces in 1983.* 

Canada.—Falconbridge Ltd. reopened its 


Corbet Mine during the second quarter of 
the year. The copper-zinc-silver-gold mine 
had been closed in June 1982 because of low 
metal prices. Asarco reopened the Buchans 
Mine, which had been closed since Decem- 
ber 1981 because of depleted reserves, in 
June 1983. Mining was resumed to recover 
the remaining reserves on the lower levels 
of the mine and to process some stockpiled 
ore. In 1983, 54,000 ounces of silver was 
produced from 42,000 tons of ore at the 
Buchans Mine. Production was also resum- 
ed at United Keno Hill Mines Ltd.'s Elsa 
and Husky Mines in the Yukon Territory 
during the third quarter. Cominco Ltd.'s 
Pine Point Mine, closed in January, was 
reopened at midyear after the company 
obtained concessions from labor, Federal 
and Provincial governments, utilities, and 
others. 

Heath Steele Mines Ltd., a subsidiary of 
Noranda Mines Ltd., closed its Little River 
copper-zinc-lead-silver-gold mine during the 
second quarter, reportedly because of low 
base metal prices. Although the mine re- 
mained closed for the remainder of the 
year, the closure was regarded as tempo- 
rary pending a recovery in zinc, lead, and 
copper prices. Dickenson Mines Ltd. tempo- 
rarily closed its Silvana Mine in British 
Columbia in mid-December. Among the rea- 
sons given for the closure were declining 
silver prices and declining ore reserves. The 
Baker Mine in British Columbia was closed 
by Du Pont Canada Inc. because of depleted 
ore reserves. During its 3-year life, the 
Baker Mine produced 36,000 ounces of gold 
and 700,000 ounces of silver. 

Echo Bay Mines Ltd. planned to increase 
milling capacity at the Lupin Mine ip the 
Northwest Territory to 1,200 tons per day. 
With the higher capacity, silver and gold 
production was expected to increase by 20% 
to 15,000 ounces and 140,000 ounces, respec- 
tively. Westmin Resources Ltd. approved 
plans to develop the H-W Mine and con- 
struct a new 3,000-ton-per-day mill on Van- 
couver Island. The mill would replace an 
existing 1,000-ton-per-day mill and be fed by 
ore from the H-W and two other Westmin 
mines. Terra Mining and Exploration Ltd. 
nearly doubled the capacity of its Silver 
Bear mill in late 1983 from 225 tons per day 
to 420 tons per day. 

Noranda reported that mines in which it 
had an interest produced 11,891,000 ounces 
of silver, down slightly from the 12,061,000 
ounces produced in 1982.» Refinery pro- 
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duction of silver at Noranda Mines’ CCR 
refinery increased to 22,446,000 ounces in 
1983 from 14,226,000 ounces in 1982 when 
the refinery had been closed for 4 months 
by a strike. 

Mexico.—Minerales Metálicos del Norte 
S.A., a subsidiary of Industria Minera 
México S.A., doubled the mill capacity of its 
Santa Bárbara unit to 4,800 tons per day. In 
order to meet the increased milling capaci- 
ty, the San Diego, Segovedad, and Tecolotes- 
Hidalgo mining complexes underwent some 
. development and mechanization, including 
shaft construction and rehabilitation and 
the introduction of load-haul-dump equip- 
ment and hydraulic drilling jumbos. 

The Real de Ángeles Mine, opened in mid- 
1982, operated at above the mill's design 
capacity in 1983. An average of 11,000 tons 
per day of ore was treated, resulting in the 
production of 7,761,000 ounces of silver. The 
Real de Ángeles Mine was Mexico's largest 
Silver mine in 1983. 

México Desarrollo Industrial Minera S.A. 
(MEDIMSA) reported silver production as 
17,116,000 ounces, an increase of 1 million 
ounces over that of 1982. MEDIMSA attrib- 
uted the increase to recent facility expan- 
sions. Lacana Mining Corp. reported that its 
30%-owned Torres mining complex, in 
Guanajuato, produced 4.1 million ounces of 
silver in 1983 and that its 40%-owned En- 
cantada Mining Group, in Coahuila, pro- 
duced over 1.8 million ounces of silver 
during the year.'° 

Peru.—Several projects were undertaken 
during 1983 as the country continued to 
develop its mining sector. Cía. de Minas 
Buenaventura S.A., the second-largest sil- 
ver producer in 1982, received a $4 million 
loan from the International Finance Corp., 
a unit of the International Bank for Recon- 
struction and Development (World Bank), 
to cover part of the cost of modernizing and 
expanding facilities at its mines. The pro- 


769 


posed project was expected to cost $22.1 
million and to increase Buenaventura's an- 
nual silver production by 2.7 million ounces. 
Empresa Minera del Centro del Perú was 
expanding the mill capacity at its Casapalca 
operation by 2,500 tons per day to 5,500 tons 
per day. 

The Peruvian central bank sold slightly 
more than 9 million ounces of its silver 
reserves between June and September. The 
sales reportedly were made to help the 
Government of Peru meet the currency 
targets established by the International 
Monetary Fund. 

Southern Peru Copper Corp. reported sil- 
ver production of 2,062,000 ounces, a de- 
crease of nearly 200,000 ounces from that 
of 1982. The company's Toquepala and 
Cuajone Mines were closed several times 
during 1983 by striking workers. 

Other Countries.—AÀ new Government- 
owned refinery began operation in the Do- 
minican Republic during the first quarter of 
1988. The refinery could process 75 tons of 
doré per year and was capable of producing 
bullion to LME specifications. The Pueblo 
Viejo Mine was expected to provide the 
refinery with doré for at least the next 5 
years. 

In India, Hindustan Zinc Ltd. opened two 
new byproduct silver mines in 1983. The 
Rajpura-Dariba Mine in Rajasthan State 
had an annual capacity of 900,000 tons of 
ore per year, while the Sargipalli Mine in 
Orissa State was capable of processing 500 
tons of ore per day. 

Handy & Harman, with 50% partner 
King Fook Investment S.A., completed con- 
struction of a secondary precious metals 
refinery in Singapore in early 1983. The 
refinery was designed to process all types of 
electronic, industrial, or jewelry scrap and 
was expected to be capable of processing 4 
million pounds of scrap annually. 


TECHNOLOGY 


The Bureau of Mines continued to investi- 
gate the recovery of precious metals from 
scrap material. The Bureau issued a report 
on the concentration and distribution of 
precious metals in mechanically processed 
obsolete military electronic scrap.!! The me- 
chanical processing consisted of shredding, 
air classification, wire picking, magnetic 
separation, and sizing of the material, fol- 
lowed by magnetic precleaning and eddy- 
current and high-tension separations. The 


study found that most of the precious met- 
als were concentrated in the wire bundles 
and products collected by the high-tension 
separator and the baghouses, connected to 
the hammer mill and air classifier. : 

The Bureau of Mines also investigated 
hydrometallurgical procedures for remov- 
ing base metals from the mechanically proc- 
essed electronic scrap.!? Aluminum was ex- 
tracted from a nonmagnetic metallic con- 


centrate produced by high-tension separa- 
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tion in the first-stage sodium hydroxide 
leach. Organic matter was then removed by 
incineration. A portion of the soluble nickel 
present in the processed scrap was ex- 
tracted in the second-stage dilute sulfuric 
acid leach. Copper and the remainder of the 
soluble nickel were extracted in a third- 
stage concentrated sulfuric acid leach; cop- 
per was recovered from the spent leachate 
by cementation with an iron-base magnetic 
fraction. The third-stage leach residue and 
leachate contained essentially all of the 
precious metals values. 

The Bureau of Mines conducted prelimi- 
nary hydrometallurgical investigations on 
two massive sulfide samples from the 
Southern Juan de Fuca Ridge, North Pacific 
Ocean. Chlorine-oxygen leaching of the 
samples was chosen as the procedure to be 
used because of the high zinc content of ane 
sample. The bench-scale testing found that 
chlorine-oxygen leaching extracted more 
than 99% of the zinc and cadmium, 97% of 
the silver, and 78% of the copper. 
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Numerous other reports on silver-related 
research were summarized by the staff of 
the Silver Institute in its “New Silver Tech- 
nology” publication, issued in January, 
April, July, and October 1983.1 


1Physical scientist, Division of Nonferrous Metals. 
ce as used throughout this chapter refers to the 
troy ounce. 
SHecla Mining Co. 1983 Annual Report. 32 pp.. 
*Homestake Mining Co. 1983 Annual Report. 28 pp. 
5 ASARCO Incorporated. 1983 Annual Report. 36 pp. 
Sunshine Mining Co. 1983 Annual Report. 24 pp. 
“Handy € Harman. The Silver Market, 1983. 68th 
Annual Report. 28 pp. 
“Phelps Dodge Corp. 1983 Annual Report. 36 pp. 
?Noranda Mines Ltd. 1983 Annual Report. 48 pp. 
10Lacana Mining Corp. 1983 Annual Report. 22 pp. 
11Dunning, B. W., Jr., F. Ambrose, and H. V. Makar. 
Distribution and Analyses of Gold and Silver in Mechani- 
mu oo Mixed Electronic Scrap. BuMines RI 8788, 
; 14 pP. 


. PHilliard, H. E., B. W. Dunning, Jr., and H. V. Makar. 
Hydrometallurgical Treatment of Electronic Scrap Con- 
ep Containing Precious Metals. BuMines 8757, 
; 40 pp. 

13Sawyer, D. L., Jr., G. A. Smyres, J. J. Sjoberg, and T. G. 
Carnahan. Cl2-O2 Leaching of Massive Sulfide Samples 
From the Southern Juan de Fuca Ridge, North Pacific 
Ocean. BuMines TPR 122, 1983, 8 pp. 

MSilver Institute. New Silver Technology: Jan.-June- 
July-Oct. 1983; available from the Silver Institute, 1001 
Connecticut Ave., NW., Washington, DC 20036. 


Table 2.—Mine production of recoverable silver in the United States, by State 


(Troy ounces) 
State 1979 1980 1981 1982 1983 
Alaski- eege et eg a e ccu W 8,354 2,372 2,080 4,123 
ALTOS n a pe m hl CE 7,478,942 6,261,588 8,055,231 76,309,327 4,491,532 
California_________________________ 64,185 ,251 53,286 34,048 26,8 
Colorado- «uet eae a cadet 2,808,934 2,987,058 3,008,994 1,934,312 2,145,616 
NI AS AS E crane 17,144,209 13,694,902 16,545,648 14,830,351 17,684,278 
A A e W W W W W 
EE W W W pius 
Missouri EE 2,201,112 2,357,236 1,837,011 2,241,159 2,021,343 
Montana ici se ta 3,301,928 2,023,893 2,988,810 6,168,711 5,707,9 
Nevada ei ee a aa 560,435 939,997 3,039,480 3,142,263 5,163,724 
New Mexico- ——-—------------——————— W W 1,632,346 804,594 
New YORK. ————— eee ee ee oe ee 10,538 20,702 829 127,212 33,137 
OPegUn E A IA 1,572 841 7,487 Se 
South Carolina 222222 Se m W Das Es 
South Dakota_______________________ 57,973 51,257 55,792 26,241 62,314. 
Tennessee_________________________ W W W W W 
wu A aE A i SOS 2,454,136 2,203,289 2,882,671 4,342,333 4,566,610 
Washington... W W 67,390 W W 
Total a 37,895,524 32,329,373 40,683,173 "40,248,409 43,415,267 


"Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” 


«00 -1 CONAN 


SILVER 


771 


Table 3.—Mine production of recoverable silver in the United States, by month 
(Thousand troy ounces) 


December 


1979 


3,252 
3,055 
3,310 
3,228 
3,941 
3,240 
3,198 
3,482 
2,897 
3,057 
2,888 
2,948 


37,896 


1980 1981 
3,271 3,062 
3,365 | 3,404 
3,280 3,408 
3,335 3,314 
3,006 3,151 
3,163 3,315 
1,993 3,577 
1,741 3,408 
1,776 3,503 
2,074 3,795 
2,144 3,354 
3,181 3,392 

32,329 40,683 


740,248 43,415 


Table 4.—Twenty-five leading silver-producing mines in the United States in 1983, 
in order of output 


Rank 


Mine 


Lucky Friday .... 
Sunshine ...... 


Utah Copper 
(Bingham). 
Candelaria ........ 


Magmont ______ 
Leadville Unit _ _ _ 


County and State 


Lincoln, MT_______ 
Shoshone, ID ______ 


Mineral, NV ______ 

hee, ID: 
Mineral, CO_______ 
White Pine, NV ____ 
Granite, MT ______ 
Esmeralda, NV_____ 
Iron, MO 


a o es 
Sierra, NM _______ 
Yavapai, AZ ______ 
Esmeralda, NN ` 
Pinal, AZ -------- 


Operator 


Hecla Mining Co... 
Sunshine Mining Co 
ASARCO Incorporated _ _ _ _ _ — 
EE, A E a 
E, (o AAA A 
Ranchers Exploration & 
Development Corp. 
Kennecott_----- ooo. 


NERCO Metals Inc ________~- 
MAPCO Minerals Corp... 
Homestake Mining Co ______~- 
Silver King Mines Inc________ 
Black Pine Mining Co- ------- 
Sunshine Mining Co 
AMAX Lead Co. of Missouri _ _ - ` 
eni Dodge Corp --------- 
EE, eg hea fae Ay ey aa 
Eisenhower Mining Co ______ _ 
Duval Co 


Cyprus Bagdad Copper Co _ _ _ _ _ 
TW-MNR Associ 


M a Copper Co --------—- 
ASARCO Incorporated _ _ _ _ _ _ _ 
Cominco American Incorporated _ 
ASARCO Incorporated _ _ _ _ _ - 


Source of silver 


Silver ore. 


53338 


Copper ore. 


Silver ore. 
Gold-silver ore. 
Silver ore. 


e Se 


Lead ore. 
Copper ore. 


SS 


Silver ore. 

Copper ore. 

Silver tailings. 

Copper ore. 
Do 


Lead ore. 
Lead-zinc ore. 
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Table 5.—Silver produced in the United States, by State, type of mine, and 


Year and State 


Arizona_—----o--o-..- 


New York ` ...---- 


Tennessee `. 
tah 


Totales ci 
Percent of total silver 


Colorado - ---------— 


Nevada. 


New York `. 
Oregon __________-_~- 


Tennessee __________ 


d Nd WE 
Percent of total silver 


See footnotes at end of table. 


class of ore 
Placer Lode 
(troy Gold ore Gold-silver ore 
ounces 
of Short OY hort DY, 
silver) tons of silver tons of silver 
431 4,201,963 677,819 — 756,221 2,152,845 
467 5,510,745 749,785 872,019 1,958,874 
1,889 8,758,964 754,037 1,040,878 2,263,535 
2,012 13,087,462 852,500 1,213,247 2,769,495 
W SE Dur E ae 
EN 50,000 1.000 W 
W W W 846 1,686 
25 W W 3,189 1,663 
2 W W W W 
__ 5,824421 196,859 7,872 22.106 
W | 8,647,716 442,852 W 
P Ww W W W 
EE 3,400 55 Be De 
x 1,772,711 62,314 EN RE 
NE 692,262 1,202 W Ww 
__ W ES EH 
4,085 18,929,722 1,146,885 1,129,756 — 1,794,768 
(1) XX 3 XX 4 
Lode 
Copper ore Lead ore 
Troy Troy 
Short Short 
ounces ounces 
tons of silver tons of silver 
267,813,440 13,877,531 9,122,812 2,278,608 
220,293,487 11,135,824 10,080,986 2,534,828 
281,989,595 18,952,838 8,524,045 1,839,198 
190,713,274 T9 420,220 9,407,482 2,244,787 
120,765,406 4,131,928 ie 
ae Wé ^1 8 
me a 8,050,250 2,021,343 
6,926,315 313,093 E ME 
W W IK __ 
W W Wa Geng 
2171,614,767 27,344,180 8,050,251 2,021,346 
XX 17 XX 5 


Silver ore 
Troy 
Short 
ounces 
tons of silver 
1,065,591 16,766,967 
,064,191 13,699,057 
4,538,822 19,095,412 
5,422,706 ^ 23,577,319 
W W 
W W 
1,000 1,070 
W W 
865,536 16,221,322 
3,393,860 5,173,136 
2,644,301 4,045,332 
W 
14 801 
285,160 2,858,975 
7,488,158 30,068,899 
XX 69 
Zinc ore 
Troy 
Short 
A ounces 
vons of silver 
672,292 12,984 
370,702 20,956 
561,970 28,863 
713,228 r27 212 
153,044 33,137 
153,044 33,137 
XX (1) 
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Table 5.—Silver produced in the United States, by State, type of mine, and 
class of ore—Continued 


Lode 
Copper-lead, lead-zinc, 
copper-zinc, and Old tailings, etc. Total 
State copper-lead-zinc ores 
Troy Troy Troy 
Soe ounces pO ounces oe ^ ounces 
of silver of silver of silver 

IUIUS s uini eee cea 3,103,669 2,055,561 42,493 372,783 286,278,481 37,895,524 
AAA Se 3,256,562 2,112,419 67,623 31221163 242,516,315 32,329,373 
TT ana e enn n cel 3,186,988 2,369,785 286,419 3377,666 308,836,581 40,683,173 
ee 2,125,147 919,329 433,446 3 4435585 "223,115,992 "40,248,409 

1983: 
Alaska ____________ 3 Wäi W W 85 4,123 
Arizona____________ a NT 15,513 80,717 121,034,532 4,491,532 
California __ -_______ em ors cee W 343,961 26,899 
Colorado . (5) (5) Lab pee 691,592 2,145,616 
Idaho. ea ino a i ae. d a A^" 2,219,641 17,684,278 
Illinois .. EN Ge ci W zx W 
Missouri ___________ M E 2s mee 8,050,250 2,021,343 
Montana__________~_ e NE 124,181 2,169 16,276,649 5,707,963 
Nevada . .......- MM east W 11,920,159 5,163,724 
New Mexico... SEN SS Gas E W W 
New York __________ D PEN GE " 153,044 33,137 
Oregon ____________ Se — e ae. 3,414 856 
South Dakota |... T ME Ee Se 1,772,711 62,314 
Tennessee __________ (5) (5) ës E W W 
Utah: our e uM W W 34,311,006 4,566,610 
Washington |... TN Ex RON —— W W 
Total: oL (5) (5) $856,550 3 71,007,082 208,222,243 48,415,261 
Percent of total silver XX (5) XX 2 XX 100 


"Revised. W Withheld to avoid disclosing company proprietary data; included in "Total" XX Not applicable. 

1Less than 1/2 unit. | 

2Includes copper-zinc ore and silver recovered from copper-zinc ore in Tennessee to avoid disclosing company 
proprietary data. | 

3Includes silver recovered from tungsten ore in California and silver recovered from fluorspar ore in Illinois. 

*[ncludes silver recovered from molybdenum ore in Nevada. 

5In order to avoid disclosing company proprietary data, copper-zinc ore and silver recovered from copper-zinc ore in 
Tennessee are included in totals for copper ore; and lead-zinc ore and silver recovered from lead-zinc ore in Colorado are 
included in total “Old tailings, etc." 

SIncludes lead-zinc ore in Colorado to avoid disclosing company proprietary data. . 

“Includes silver recovered from lead-zinc ore in Colorado to avoid disclosing company proprietary data and includes 
silver recovered from molybdenum ore in Nevada. 


Table 6.—Silver produced in the United States by cyanide leaching’ 


Leaching in vats, ae 
tanks, and closed oe Bo 
containers? eaps or dumps 
Year Silver Silver 
E aee dedii p e Gerd 
troy troy 
short tons) ounces) short tons) Günces) 
OG molt oue e cl A NS 3,215,250 1,939,500 1,615,027 435,267 
RAE AS A ES 3,874,576 1,819,604 3,390,069 818,205 
Dl AAA A A AI 4,434,835 2,579,957 7,413,219 2,047,709 
TEE EE 7,575,476 4,713,226 12,295,132 1,384,326 
1983 eec MM EE 7,568,419 5,893,320 12,687,440 2,185,551 


!May include small quantities recovered by leaching with thiourea, by bioextraction, and by proprietary processes. 
2Including autoclaves. 
3May include tailings and waste ore dumps. 
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Table 8.—U.S. refinery production of silver, by raw material 
(Thousand troy ounces) 


Raw material 1979 1980 1981 1982 

Concentrates and ores: 
Domestic _______________________ 38,982 36,171 44,487 43,825 
Foreign nc ts es te 11,779 3,182 2,520 344 
TOCA WEEN 50,761 39,353 47,007 144.170 
Old SCEAD: een daa ai iia 39,729 53,131 39,067 27,171 
New scrap- --------------------—-——_- 36,714 65,642 44,738 37,812 
Grand total __________________~- 127,204 1158,127 130,812 109,153 


1Data do not add to total show.: because of independent rounding. 


Table 9.—U.S. consumption of silver, by end use 


(Thousand troy ounces) 
End use? 1979 1980 1981 1982 
Electroplated ware ___________________ 8,065 4,350 3,904 3,254 
Sterlingware ota a a 13,088 9,082 4,407 6,579 
Jewelry -—---------------------——— 5,358 5,893 5,368 6,260 
éen biel iic materials —_—-------------- 65,978 49,825 51,025 51,769 
Dental and medical supplies- - - - - - -- ----—— 2,295 2,212 1,709 1,688 
Mirror DEE EE 1,850 672 581 970 
Brazing alloys and solders . _~_ 10,912 8,508 7,718 7,384 
Electrical and electronic products: 
BBtterleg ZG, 4,583 5,976 3,803 4,167 
Contacts and conductors |... 33,506 27,796 26,411 27,730 
HERE ee A 332 649 297 228 
Catalysts ji ti ee tee 5,637 3,035 3,830 72,418 
Coins, medallions, commemorative objects _ _ _ _ — 4,676 4,693 2,622 1,832 
Miscellaneous?_____________________-_ 978 2,005 4,995 4,562 
Total net industrial consumption? _____ 157,258 124,694 116,670 118,840 
Comares ah Lu o a LR E 168 72 179 1,846 
Total consumption _-______________ 157,426 124,766 116,849 120,686 
"Revised. 


1End use as reported by converters of refined silver. 
2Includes silver-bearing copper, silver-bearing lead anodes, ceramics, paint, etc. 
3Data may not add to totals shown because of independent rounding. 


Table 10.—Yearend stocks of silver in the United States 


(Thousand troy ounces) 
1979 1980 1981 1982 
Industry. == ets ata 16,002 . 17,255 20,875 20,467 
Futures exchanges- -----------------—- 133,129 120,798 96,511 106,182 
Department of the Treasury - _____________ 38,990 38,890 38,732 36,768 
Department of (Defense... 5,670 4,510 3,810 1,750 


National Defense Stockpile _______________ 139,500 139,500 137,500 137,500 
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1983 


50,281 
169 . 


50,450 
25,949 
41,839 


117,838 


116,291 


118,419 


1983 


17,673 
KEE 


3 


100 
137,500 
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Table 11.—U.S. silver prices 


(Dollars per troy ounces) 
: à Aver- 
Period Low High age 
Ee ee A EE 5.96 28.00 11.09 
AA RS EE ARI A CE 10.80 47.60 20.63 
EE EE 7.95 16.45 10.52 
KEEN 4.88 11.21 1.95 
1983: 
IRI AY EE 10.86 13.86 12.40 
February ARA EE 10.95 14.74 13.96 
March. A ie pni RI ti ML tal 10.13 11.17 10.62 
ADI bcd EE iE Le re er rae 10.80 12.37 11.69 
BEE ag oR N Ep Sp 12.06 13.60 12.98 
A E a a a a 11.08 12.63 11.75 
SEN PA E E E E mon Wer dp E E 11.30 12.50 12.09 
TEE eo 11.52 12.75 12.10 
Sepe mber ot 11.23 12.32 11.92 
October c teta aa a ole LA ili m MU A IS E Oe aca Stan A 8.75 10.43 9.84 
November 5 ee Rc ac te d LLL T Lp ud AL E gt 8.34 9.70 8.84 
RE 8.54 9.96 9.12 
7 =) | <n ke Ne aR rN et E EE ade iet Ee 8.34 14.74 11.44 


Source: Handy & Harman daily quotation. 


Table 12.—Value of U.S. silver trade 


(Thousand dollars) 
Imports for 
Year Exports consump- 
tion 

KI ot MEN 471,162 961,761 
1980 5 ts A eret 1,909,733 1,606,010 
VOB eege ee a 332,470 1,028,450 
EE EEN 208,748 927 


KEE 377,449 2,123,569 
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SILVER 


Table 15.—Silver: World mine production, by country! 


(Thousand troy ounces) 


Country? 1979 
Algeria’ de 100 
ATBeDnURDB. geen las a de 2,209 
Auüstralid o at a eee ee ee a 26,756 
Bolva eene eh Sie ae ee eee oe oe 5,742 
Bral ee ee ee eet ens 1,065 
Bulgaria’ EE 920 
Bürma EE EE 340 
Canada EE 36,874 
o gw A S E 8,740 
China? ee Oe e ee ee St E oes 2,000 
Colombia® 240.2 A ee = et ee e 99 
Costa EEN 2 
Czechoslovakia®______________________________ 1,300 
Dominican Republic ___________________-~-~--_--_- 2,276 
PACU AO OF as ao a a Be he ae ee 35 
El Salvador: ais a E RTA 152 
Ee EE 11 
Finland. ye es et medi ee A LLL 1,028 
¡Ei Ee 2,408 
German Democratic Republict ____________________~- 1,550 
Germany, Federal Republic of --------------------——- 1,039 
ebe, eege E cu LA dL La 20 
Greece. TT ————  — — Ó —S 1,752 
Greenland ei Eet 763 
Guatemala EE 10 
eg EE 2,434 
Hungary o oe ee ee iU 32 
IndiB cine reet EE 310 
Indonesia ahh te ht BEE e ees LEE 793 
Ireland. AAA A A ee ers 1,059 
IEN 1,065 
Japan a oe CPI A 8,680 
Korea, North® o ciem cum duce Doe ts 1,600 
Korea, Republic of _-______________________-__-- 2,278 
Malaysia (Sabah) - ___§________________-__---_- 432 
Mexico etn Ci Stee 152,169 
MOfOCGOL cuca a ii e let Ps Es acta 3,283 
legen 13,617 
New Zealand- - - ----------------—-—----—-----——— 2 
Nicaragua o o ome ys ee ee o ne ee T390 
Papua New Guinea ~- —-—-----------------—---—-—— 1,428 
yj M "E 39,248 
Philippinës ea ui Se eects qu teu eel m Pee Rc tcd 1,838 
oland c e c ace lcm eh Sten erm ey C ee 22,569 
OP E P" 35 
TE EE 965 
Solomon Islands- - - - - -----------------—-—---———— (8) 
South Africa, Republic of -----------------------— 3,240 
SPA a ie ep Ce Edd 2,294 
WGN suc Lec a e de rad c reU E EM 5,649 
ORLY EE 85 
TUI a e a e tea 231 
KT mi LU dal URL M LL e 250 
USSR "e ose uu Er RA a Th 46,000 
United States «cue rta adas e 37,896 
Yugoslavia” cierto et a st il ds er E toa eps 5,214 
Cibo A Ee ee 3,892 
A AA A Eeer 914 
Zimbabwe: ous ceu nd fas iy ce ce AU. r977 
Totale a Sl a a "348,120 
“Estimated. Preliminary. ‘Revised. 


1980 


100 
"2,357 
724,654 
6,099 
137 


"344,026 


1981 


110 
2,518 
23,906 
6,394 
165 


*2,120 


361,781 


1982P 


110 
2,684 
29,156 
5,472 
748 


383,766 


779 


390,618 


1Recoverable content of ores and concentrates produced unless otherwise noted. Table includes data available through 


June 27, 1984. 


2In addition to the countries listed, Austria and Thailand may produce silver, but information is inadequate to make 


reliable estimates of output levels. 
3Reported figure. 


‘Officially reported output, including that obtained from treatment of gold, was as follows, in troy ounces: 1979— 14,725; 


1980—15,657; 1981—17,072; 1982—12,057; and 1983— not available; an 


follows, in troy ounces: 1979—1,050,717; 1980—721,205; 1981—747,472; 1982—747,505; and 1983—not available. 


5Smelter and/or refinery production. 
SRevised to zero. 

"Includes production from imported ores. 
5Less than 1/2 unit. 


that recovered from treatment of lead was as 
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Slag—lIron and Steel 


By William I. Spinrad, Jr. 


Domestic production of iron and steel slag - 


increased significantly. Sales and use of 
iron slag decreased moderately, and sales 
and use of steel slag increased slightly. Air- 
cooled blast furnace slag continued to com- 
prise the largest portion of total blast fur- 
nace slag sold or used. Of all iron and steel 
slag product shipments, 85% traveled by 
truck, 8% traveled by rail, and 3% traveled 
by waterway, with an average marketing 
range of 23, 247, and 540 miles, respectively. 
Houston Slag Materials Co. permanently 
closed its Houston, TX, plant because Arm- 
co Inc., Houston Slag Materials' slag suppli- 
er, permanently shut down its Houston 
Works blast furnace. 

The construction industry was the major 
user of iron and steel slag products. Air- 
cooled blast furnace slag was used mainly 
for road base, fill, concrete aggregate, and 


as asphaltic concrete aggregate. Currently, 


the main growth areas for iron slag include 
replacement for cement in concrete con- 
struction, use in bituminous mixtures, and 
use in lightweight concrete applications. 
Steel slag was typically used as road base 
and fill. The average unit value of blast 
furnace slag in 1983 increased 9% over that 
in 1982. Steel slag decreased 2% in unit 
value during the same period. 

Domestic Data Coverage.—Sales, use, 
and transportation data for iron and steel 
slag were compiled from voluntary re- 
sponses received from an annual survey of 
U.S. processors conducted by the Bureau of 
Mines. Of the 77 operations canvassed, 74, 
or 96%, responded, representing 93% of the 
total sales or use data shown in table 1. 
Data for the three nonrespondents were 
estimated by using reported prior year sales 
and use levels adjusted by trends in the 
industry and other guidelines. 


DOMESTIC PRODUCTION 


Iron and steel slag production increased 
in accordance with increased iron and steel 
production. However, sales and end use of 
blast furnace slag decreased moderately 
and that of steel slag increased only slightly 
compared with that of 1982. This is attribut- 
ed, in part, to a combination of decreases in 
construction activity in certain areas of the 
country; decreases of available moneys for 
highway construction in some States; and 
the unavailability of slag in other areas 
caused by the temporary shutdown and/or 
limited production of blast and steel fur- 
naces. Although sales were down as a 
whole, many processors showed sizable in- 
creases. Others, unable to market their 
slag, continued to process and stockpile it 
for future use. 

Blast furnace slag sold or used decreased 
8% in quantity and decreased slightly in 
value compared with that of 1982, to 13.6 
million tons valued at $64.7 million. Fifty- 


nine percent of this was marketed in Penn- 
sylvania, Indiana, and Ohio. Of the total 
blast furnace slag sold or used, 91% was air 
cooled. Forty plants processed iron slag, and 
1 was inactive for the year. Steel slag sold or 
used totaled 4.8 million tons valued at $14.5 
million, up 1% in quantity and down 1% in 
value compared with that of 1982. Forty-six 
plants processed steel slag, and 1 was 
inactive for the year. Of all iron and steel 
slag products shipped, 85% traveled by 
truck with an average marketing range of 
23 miles, 8% traveled by rail with an 
average marketing range of 247 miles, and 
3% traveled by waterway with an average 
marketing range of 540 miles. The remain- 
ing 4% was used at the plantsite. 

Houston Slag Materials permanently 
closed its Houston, TX, plant because Arm- 
co, Houston Slag Materials’ slag supplier, 
permanently shut down its Houston Works 
blast furnace. 78] 
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CONSUMPTION AND USES 


Iron and steel slags, byproducts of iron- 
making and steelmaking, were utilized 
mainly by the construction industry in 1983 
as substitutes for natural aggregates and 
other construction materials. Historically, 
iron and steel slags have been used as 
replacement materials because of economic 
benefits, better characteristics for some ap- 
plications, and because of shortages of natu- 
ral aggregates in some areas. 

Essentially all iron-blast-furnace slag pro- 
duced is eventually utilized. Of the air- 
cooled blast furnace slag sold or used in 
. 1983, 42% was used as road base, 16% as 
fill, 11% as concrete aggregate, 10% as 
asphaltic concrete aggregate, and 7% as 
railroad ballast. The remaining 14% was 
used for producing mineral wool and in 
concrete products, roofing, sewage treat- 
ment, soil conditioning, glass manufacture, 
ice control, and other miscellaneous uses. 
Expanded blast furnace slag was mainly 
used as lightweight concrete aggregate and 
in concrete products. Other end uses for 
expanded slag and for granulated blast 


furnace slag are not separately tabulated to 
avoid disclosing company proprietary data. 
Currently, the main growth areas for iron 
slag include replacement for cement in 
concrete construction, use in bituminous 
mixtures, and use in lightweight concrete 
applications. As a replacement for cement, 
ground granulated blast furnace slag offers 
a savings in natural resources and the 
energy required to manufacture cement 
clinker. 

According to published information, 75% 
to 80% of all steel slag produced is recycled 
to the blast furnace or used in aggregate 
applications.? Statistics developed by the 
Bureau of Mines indicate that 2.9 million 
tons of steel slag was recycled to blast 
furnaces in 1983. Steel slag was primarily 
used as road base (43%), fill (23%), railroad 
ballast (11%), and asphaltic concrete aggre- 
gate (10%). The remaining 13% was used 
for ice control and other uses. Steel slag 
usage for asphaltic concrete aggregate is 
expected to be.a major growth area. 


PRICES 


The average unit price, f.o.b. plant, for all 
iron-blast-furnace slag sold in 1983 increas- 
ed 9% over that of 1982 to $4.78 per ton. 
Air-cooled slag decreased 1% to $4.12 per 
ton, and expanded slag increased 9% to 
$9.67 per ton. Price information for granu- 


lated slag was withheld to avoid disclosing 
company proprietary data. Steel slag unit 
value was $3.01 per ton, down 2% from that 
of 1982. High prices in some use categories 
indicate that some users demanded specifi- 
cations that required additional processing. 


FOREIGN TRADE 


Basic slag, a byproduct of basic steelmak- 
ing processes, is both exported and import- 
ed by the United States for use as an arti- 
ficial fertilizer because of its high lime and 
phosphorus content. Statistics developed by 
the U.S. Department of Commerce, Bureau 
of the Census, indicate that 266 tons of basic 
slag valued at $16,816 was imported from 
Mexico, Israel, and Bahrain, and 27,380 tons 
valued at $698,096 was exported to Thailand 
'" and Canada, respectively. 

U.S. export and import information for 
iron and other steel slag cannot be deter- 
mined because slag is classified in combined 
categories and cannot be separated. U.S. 


exports of slag are classified under the 
schedule headings “Mineral Substances and 
Articles of Mineral Substances Not Specif- 
ically Provided For” and “Waste and Scrap 
Not Specifically Provided For," while US 
imports of slag are classified as either 
“Metal Bearing Ores and Metal Bearing 
Materials” or “Waste and Scrap Not Specif- 
ically Provided For.” Granulated blast fur- 
nace slag is imported from France and 
Japan for use in the production of high- 
grade cement, and blast furnace slag is 
exported to and imported from Canada 
periodically. 


WORLD REVIEW 


Estimated world production of iron-blast- 
furnace and steel slag was 118 million and 


92 million tons, respectively. These esti- 
mates are based on iron slag generation 


784 


representing 23% of all blast furnace pro- : 


duction and steel slag generation represent- 
ing 18% of all raw steel production minus 
60% of the latter, which is recycled to the 
blast furnace. Reported production of iron 
and steel slag by country is incomplete 
owing to late reporting, incompleteness of 
data, and lack of reporting by some coun- 
tries since slag is thought of as a waste 
product rather than a resource. 
'Europe.—Indicated levels of slag produc- 
tion were approximately the same for 1983 
as for 1982 since iron and steel slag produc- 
tion in Europe was relatively flat in 1983 
compared with that of 1982. The most cur- 
rent data published by the statistical office 
of the European Economic Community indi- 
cate that a total of 30,209,907 tons of iron- 
blast-furnace slag was produced in Europe 
in 1982.4 | 
Japan.—Iron and steel production declin- 
ed slightly in 1983 compared with that of 
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1982, but slag utilization followed the same 
trends as that of 1982. Based on the latest 
data from the Japan Iron and Steel Federa- 
tion, 26 million tons of iron-blast-furnace 
slag and 14 million tons of steel slag were 
produced in 1982. Of the iron slag produced, 
85% was utilized in road construction and 
cement and concrete manufacture. Granu- 
lated iron-blast-furnace slag and basic oxy- 
gen furnace (BOF) steel slag were increas- 
ingly used in cement manufacture and in 
road construction, respectively. New Japa- 
nese industrial standards have been estab- 
lished for air-cooled iron-blast-furnace slag 
aggregate for concrete, granulated blast 
furnace slag fine aggregate for concrete, 
and slag for road construction. The Public 
Works Research Institute of the Ministry of 
Construction, in conjunction with the Pub- 
lic Works Research Center, prepared Guide- 
lines for Designing and Application of BOF 
Slag for Asphalt Pavement.* 


TECHNOLOGY 


A recently published article reviews cur- 
rent and potential utilization of ferrous, 
nonferrous, and boiler slags in the construc- 
tion and maintenance of pavements. Iron- 
blast-furnace and steel slag production and 
general uses are described, as well as tech- 
nical information, test data, and end-use 
limitations for certain types of material 
such as steel slag. Slag utilization patterns 
for North America and Europe are referred 
to and are supplemented in some cases with 
general statistics. Emphasis is given to the 
use of iron-blast-furnace slag in cementi- 
tious applications and the use of steel slag 
for asphaltic applications. These uses are 
considered to be the current optimal growth 
areas in North America. Granulated iron- 
blast-furnace slag is being used as a replace- 
ment for cement because of its lower cost, 
improved workability, chemical resistance, 
lower heat of hydration, and versatility in 
obtaining desired fineness of ground slag. 
Pelletized iron-blast-furnace slag has re- 
cently been used in Europe and North 
America for slag cement manufacture. By 
controlling the pelletizing process, crystal- 
line pellets can be produced for aggregate 
applications and vitrified pellets for cemen- 
titious applications. Elimination of the 
tendency of steel slags to expand, through 
aging and the addition of an asphaltic 
cement film, has allowed the use of these 
slags in asphaltic mixes, such as asphaltic 
concrete, coated chippings, and slurry seals, 


which take advantage of the high stability 
and superior skid resistance of steel slags 
compared with that of blast furnace slag 
and traprock.* 

Nippon Steel Corp. is conducting in-house 
research and joint research with the Minis- 
try of Construction on the manufacture of 
steel slag and its utilization on the basis of 
its chemical composition and physical prop- 
erties. The greatest problems to be over- 
come are its expansion and degradation 
characteristics caused by excessive amounts 
of free lime. Techniques have been estab- 
lished to overcome these problems, includ- 
ing injection of oxygen into molten slag; the ` 
addition of iron, silicon, and aluminum 
sources; and aging, an efficient and low-cost 
process. Research thus far has been concen- 
trated on utilization of steel slags for road 
material, asphaltic concrete aggregate, road 
base material, ground improvement materi- 
al, caisson filling material, various self- 
hardening materials, shot blasting materi- 
al, balance weights, and reefs for aquacul- 
ture. Road uses appear to be the most 
promising application. Presently, 61% of all . 
steel slag produced by Nippon is used by the 
company for fill construction, recycling, 
and addition to stocks. The remaining 39% 
is sold for use in civil engineering projects, 
roads, cement, fertilizer, and other uses.’ 

A new anticorrosive coating for steel 
structures, such as tanks and bridges, was 
developed by Nippon Kokan K.K. (NKK) 


SLAG—IRON AND STEEL 


and is being marketed under the trade 
name NKK GANTEX. This polymer cement 
mortar is a mixture of granulated iron- 
blast-furnace slag, a Portland blast furnace 
slag cement, and a styrene-butadiene rub- 
ber latex. It offers better adhesion and self- 
hardening ability than other polymer ce- 
ment mortars because of the use of iron slag 
instead of silica sand. Other features offered 
by this compound include improved abra- 
sion resistance compared with that of con- 
ventional coating materials; high slip resist- 
ance; high anticorrosion resistance when 
used in submarine conditions; vibration 
damping and sound insulating effects; low 
heat conductivity and heat barrier effects; 
and a coating thickness unattainable with 
conventional coatings. This coating can also 
be used on buildings since it is highly 
adhesive to various metal and nonmetal 
surfaces and is further characterized by its 
resistance to strain-induced cracks, improv- 
ed waterproofing capabilities compared 
with mortar and concrete, and its suitabil- 
ity for use as a finishing material in various 
textures and colors.* 

. Research is being conducted in the Unit- 
ed Kingdom to find adequate end uses for 
BOF steel slag, which exhibit higher free 
lime contents and higher bulk densities 
than other steel slags. These properties 
cause problems with stability and covering 
Capacity in road courses. Initial work com- 
paring BOF slags with electric arc furnace 
slags and laboratory studies on the nature, 
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structure, and stability of free lime in BOF 
slags indicated that BOF slags offer an 
excellent range of physical and mechanical 
properties suitable for use as a bituminous- 
ly coated aggregate for wearing course ap- 
plications provided their stability problems 
can be solved. Weathering tests have been 
monitored to determine optimum condi- 
tions for the production of volumetrically 
stable slag, and full-scale road trials have 
been conducted on weathered and un- 
weathered bituminously bound BOF slag. 
Surfaces produced from weathered BOF 
slag showed better resistance to mechanical 
wear than the control material, and per- 
formance was directly related to the dura- 
tion of weathering, with longer weathering 
giving better performance. A limited 
amount of laboratory work has also been 
conducted on nonbituminously bound BOF 
slag for use as a base course material, and 
the initial test results appear promising.?* 


1Physical scientist, Division of Ferrous Metals. 

"Lewis, D. W. Resource Conservation by Use of Iron and 
Steel Slags. Am. Soc. Test. and Mater. ASTM Spec. Tech. 
Publ. 774, 1982, pp. 31-42. 

3SEmery, J. J. Slag Utilization in Pavement Construction. 
Am. Soc. Test. and Mater. ASTM Spec. Tech. Publ. 774, 
1982, pp. 95-118. 

‘Statistical Office of the European Economic Communi- 
ty. 1983 Iron and Steel Yearbook. P. 74. 

5Japan Iron and Steel Federation. The Steel Industry of 
Japan. 1983, pp. 19, 20. 

Work cited i in footnote 3. 

7Nippon Steel Corp. Steelmaking. Tech. Rep. No. 21, 
June 1383, pp. 45-57. 

5Clean Japan. NKK GANTEX. No. 4 , Jan. 1984, pp. 1-6. 

9Thomas, G. H. LD Research Gives Constructive Results. 
Iron and Steel Int., v. 56, No. 2, Apr. 1983, pp. 62-64. 
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Table 3.—Locations and processing methods of iron slag and sources of 
steel slag 


Processing method of 


iron slag Sources of steel slag 


Steel ——————————————— 
Air- Ex- Granu- slag - Open Dionne Elec- 
cooled panded lated hearth Ge tric 


State, city, and company 


Alabama: 
Alabama City: 
Vulcan Materials Co ` ` 1 ES Late 1 bade 1 T 
Birmingham: | 
Jim Walter Resources 


Inc 
Fairfield: 


Colorado: Pueblo: 
Fountain Sand and 
Gravel Co... 1 c m 1 dis 1 B 
Delaware: Claymont: 
International Mill 
ServiceCo — NOR iom 1 ee Sei? 


ro" 


Georgia: 
Atlanta: 
International Mill 
rvice Co oan iue Se 1 er E 
Cartersville: 
International Mill 
ServiceCo.. ——----— E he Ene 1 Se "X 


bel 


Service Co________ ae Sa Geen 1 E Se 1 


uth Chicago plant 1 1 =r TEN m MR EN 
| Illinois Slag & Ballast Co 1 - 
Granite City: 

Interna ona Mill 


SIC o cds 1 NER VN emt m M uus 
Peoria: 
International Mill 
Service Co. "T a TRA 1 Bet SE 


=j 
E 
| 
| 
I 
I 
| 
| 
| 
CA 
ren 
| 
| 
Q 
j 
| 
N 
WV 


Indiana: 
Burns Harbor: 
The Levy Co. Inc ___--_ i 2 1 m 1 1 1 Se 
East Chicago: 


Vulcan Materials Co __ _ 1 
Gary: | 
Indiana Slag Co. 1 1 Wi 2 a ae we 
4 


Kentucky: 
Ashland: 


ensboro: 
Heckett Co _ ee S Li 1 -— -— 1 


Maryland: 
Baltimore: 
Maryland Slag Co .---- 1 1 E Sie a= Ge -— 
Sparrows Point: 
Atlantic Cement Co. Inc .. SSES ch 1 es duas EE cs 
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Table 3.—Locations and processing methods of iron slag and sources of 


steel slag —Continued 


Processing method of 
iron slag 


Ex- 
panded 


State, city, and company 
Air- 
cooled 


Granu- 
lated 


Michigan: 
Detroit: 
ee Levy Co --—- 1 1 


N Edward C. Levy Co ____ 
Edward C. Levy Co - - - - 1 


Minnesota: Newpo 
nal Mill 
Service Co 
New Jersey: Perth Amboy: 
International Mil 


Service Co 
New York: Buffalo: 
oos Crushed Stone 


North Carolina: Charlotte: 
Heckett Co 


Standard Slag Co 

Stein Inc 
Hamilton: 

Amencan Materials 


Lorain: 
Stein Inc 
United States Steel Corp 1 
Lordstown: 
Standard Slag Co 
Mansfield: 


Total 

Oklahoma: Sand Sprin 
International 

rvice Co 


il 


Pennsylvania: 
Belle Vernon: 
Nee Slag Products 


Bethlehem: 


d 
e Slag Products 


Sources of steel slag 
Pes Basi 
slag ic ` 
hearth Oxygen tne 
process 

1 zs 1 1 
1 = 1 1 
1 za 1 — 
8 nl 3 2 
1 E = 1 
1 aos Sa 1 
1 a -— 1 
1 SE SE 1 
E M E 1 
1 cus Lu 1 
1 x e 1 
1 1l 1 -- 
2 E 1 Se 
1 EM uet 1 
8 1 3 5 
1 ES 1 us 
1 FEM = 1 
1 ues SE? 1 
1 ES s 1 
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Table 3.—Locations and processing methods of iron slag and sources of 
steel slag —Continued 


Processing method of 


iron elas Sources of steel slag 


Steel ` ——————————— 
Air- Granu- slag Ope Basic Elec- 


State, city, and company a 
" n 
cooled panded lated hearth process tric 


Pennsylvania —Continued 


McKees Rocks: 
Phillips Contracting _ _ — Eu. 5 X 1 Es EE D -— 
Midland: | 
International Mill 
Service Co 


Gascola Slag- ----_--- hes e a 1 1 s es 
Phoenixville: 
International Mill 


rvice 
Riddlesburg: 

New Enterprise Stone & 

Lime Co. Inc ___-_--_ 1 sE ae a es gew M 

Steelton: 

Hempt Bros. Inc __-_-- 1 TENE Gë 1 1 e Net 
West Aliquippa: 

ir Slag Products 


West Mifflin: 
Wheatland: 


South Carolina: Darlington: 
APAC-Carolina Inc_ ` en T M 1 
Heckett Co... Ge NS ae 1 t Së 


Beaumont: 
International Mill 
Service Co. ENS — Pez 1 ae T 1 
Lone Star: 
Gifford-Hill Co. Inc_ _ _ _ 1 es a he dens CR n 
Midlothian: 
International Mill 
ServiceCo. m PER SS 


Washington: Seattle: 
eckett Co. TER ute ae 


eg 
© 
5 
! 
l 
I 
| 
t 
| 
] 
E 
| 
| 
l 
| 
bh we CO |m 
| 
| 
| 
| 
oO 


West Virginia: 
Weirton: 
International Slag Co ... se ete e 1 e 1 Soe 
Standard Slag Co __ - __ 1 Ge Se EUN d.c MES Bp 


Grand total .... _ 39 7 4 49 7 19 29 
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Table 4.—Shipments of iron and steel slag in the United States in 1983, 
by method of transportation 


antity 

Method of transportation (thousand 

short tons) 
o EE 15,676 
Rail — NEM ARDEN PS SO Ne S EN es OT A NEE Ce OOS Re Oe EORR 1,354 
CH eso RAS a EE 597 
Not transported (used at plantsite) _______________ 2222s l222222222222222222 758 
d NEE 18,386 


1Data do not add to total shown because of independent rounding. 


Table 5.—Air-cooled iron-blast-furnace slag sold or used! in the United States, by use 
(Thousand short tons and thousand dollars) 


U 1982 1983 
se 
Quantity Value Quantity Value 

Concrete aggregate - - - ----------------------—- 1,036 4,177 1,327 6,129 
Concrete products- ~___-_----_-_- 327 1,453 412 2,085 
Asphaltic concrete aggregate - - - - - - --------------——- 1,626 7,610 1,189 6,126 
Road: EE 6,269 23,676 5,179 20,865 
|)1] Spr eH" 1,584 6,054 1,969 5,092 
Railroad ballast __ - - - - - - ----------------—---—- 1,417 4,780 867 2,894 
Mineral eege 601 3,199 564 3,016 
Roofing, built-up and shingles __________________-_-~-~ 251 1,388 264 | 1,421 
Sewagetreatment ____________________-------~- W W W W 
Soil conditioning --—-------------------------——- W W W W 
Glass manufacture ___________~____~_ ~~ l22l2l 157 2,408 139 1,810 
Bd EE 348 1,470 469 1,560 

Total a eal Se a ee es ee 13,617 56,816 12,380 50,999 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1Value based on selling price at plant. 


2Includes ice control, miscellaneous, and uses indicated by symbol W. 
3Data may not add to totals shown because of independent rounding. 


Table 6.—Granulated and expanded iron-blast-furnace slags sold or used! in the 
United States, by use 


(Thousand short tons and thousand dollars) 


1982 1983 
Use Granulated Expanded Granulated Expanded 

Quantity Value Quantity Value Quantity Value Quantity Value 

Lightweight concrete aggregate W W W W "e ae 302 3,180 
Concrete products... cae a W W BER oe 237 1,993 
Cement manufacture |... _ W W W W (2) (2) W W 
Road base - -—-—---------—- W W W W (2) (2) W W 
Le UR W W em E i = E. "m 
Soil conditioning... W W W W (2) (2) W W 
Others__-----------—- 597 3,237 589 4,800 ZPR S 636 8,563 
Total «2.226 597 3,237 539 4,800 CH (2) 1175 13,736 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1Value based on selling price at plant. 

2Included with expanded to avoid disclosing company proprietary data. 

3Includes miscellaneous and uses indicated by symbol W. 
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Table 7.—Steel slag sold or used! in the United States, by use 
(Thousand short tons and thousand dollars) 


U 1982 1983 
se -Á D ERE EUER a ES 
Quantity Value Quantity Value 
Asphaltic concrete aggregate. _§_§_$__________________ 545 2,231 460 1,898 
IROAG DAS A A A A 1,523 4,085 2,100 5,699 
¡A A 1,750 5,699 1,133 3,598 
Railroad ballast -_______________ ooo 403 1,045 532 1,863 
AA AA AR 543 1,582 607 1,488 
Total tco o E M 4,164 314,641 4,832 14,546 


1Excludes tonnage returned to furnace for charge material. Value based on selling price at plant. 
2Includes ice control and miscellaneous uses. 
3Data do not add to total shown because of independent rounding. 


Table 8.—Average value at the plant for iron and steel slags sold or used in the 
United States 


(Dollars per short ton) 


Iron-blast-furnace slag 
Steel Total 


Year Air- Granu- Total ] 1 
cooled lated Expanded iron slag ge i 
Lr FPE HX MER 3.14 3.55 6.55 - 8.835 2.24 3.10 
EE a Se ne eh CER NP ne eo a OPES 3.82 3.81 6.94 4.01 2.64 3.67 
1981 Leni A ee eS ic 4.16 4.00 6.19 4.26 3.03 3.93 
KEE 417 5.42 8.91 4.40 3.07 4.07 


1989. ae em —— ee eee 4.12 W 9.67 4.78 3.01 4.31 


W Withheld to avoid disclosing company proprietary data. 


Table 9.—Average selling price and range of selling prices at the plant for iron and steel 
slags in the United States in 1983, by use 


(Dollars per short ton) 


Iron-blast-furnace slag Steel slag 
Use Air-cooled Granulated Expanded 
Average Range Average Range Average Range 


Concrete aggregate_ _ _ 4.61 1.8512.52 xs m Ge T Ka um 
Lightweight concrete 

aggregate _______ W W E T 10.52  8.50-11.98 —- SE 
Concrete products .... 5.06 2.75- 8.16 e GER 8.41 6.90-11.98 Sa E 
Cement manufacture . W W W W W W — s 
Asphaltic concrete 

aggregate ERES 5.15 2.68- 7.33 dues aie uus e 4.12 1.11-8.25 

ad base ________ 4.03 1.91- 9.09 W W MN Kaes 21 1.12-8.85 
¡SN ere sao 2.59 .37- 5.98 2 x e e 3.17  1.00-5.24 
Railroad ballast. _ _ _ _ 3.33 2.00- 9.96 "n EN See Lu 3.50 1.50-8.00 
Mineral wool ______ 5.34 2.68-10.99 GE PS de T m ssf 
Roofing, built-up 

and shingles `. 5.37 3.31-15.24 NN M Es Ge i zc 
Sewage treatment _ _ _ W W Caen oe — ath SS Se 
Soil conditioning _ _ _ — W W um TN Se 2S 
Glass manufacture _ _ _ 12.99 10.00-15.69 as T THE es m 
Other... o m 2.90 1.72- 5.71 ne axes 2.45 1.39-4.65 


W Withheld to avoid disclosing company proprietary data. 
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Sodium Compounds 


By Dennis S. Kostick' 


The U.S. soda ash industry rebounded 
from the 1982 decline in soda ash demand. 
Improvement in the world economy and 
lower soda ash prices contributed to increas- 
ed soda ash production and exports, which 
rose 8% and 48%, respectively. Although 
soda ash usage in the glass container indus- 
try decreased an estimated 4%, domestic 
soda ash consumption improved in several 
end-use sectors so that total consumption 
increased slightly. 

Despite improvement in certain sodium 
sulfate-consuming industries in the fourth 
quarter, production, imports, exports, and 


domestic consumption of natural and syn- 
thetic sodium sulfate combined declined 
slightly. 

Domestic Data Coverage.—Domestic pro- 
duction data for soda ash and natural sodi- 
um sulfate were developed by the Bureau of 
Mines from monthly and annual voluntary 
surveys of U.S. operations. Of the eight soda 
ash operations and four natural sodium 
sulfate operations to which a survey request 
was sent, all responded, representing 100% 
of the total production data shown in table 
1. 


Table 1.—Salient sodium compound statistics 
(Thousand short tons and thousand dollars) 


United States: 
Production! 


Imports for consumption ____________________ 
Valle uan ra se LE 
Stocks, producer... ooo 
Consumption, apparent _____________________ 
World: Production ______~____________________ 


“Estimated. Preliminary. ‘Revised. 


Soda ash Sodium sulfate 
1982 1983 1982 1983 
"s 1,819 8,461 1864 855 
S $121,251 *$685,100 7$71,971 $79,772 
m. 1,1 1,636 11 91 
mm $140,616 $154,584 $12,162 $11,380 
m 1 20 20 343 
T T$2,419 $2,704 $28,758 $27,921 
uuu T 3324 3307 430 448 
SE 6,667 6,868 1,183 1,089 
" P30,367 *31,262 P5,370 €5,229 


1Includes natural and synthetic. Total production data for sodium sulfate obtained from Bureau of the Census. 
"The value for soda ash includes synthetic soda ash. The value for eure sodium sulfate is based upon the average 


value for natural sodium sulfate. 
3Includes synthetic soda ash. 
‘Natural only. 


Legislation and Government Pro- 
grams.—The Bureau of Land Management 
(BLM) sought comments by December on a 
proposed concessionary leasing process for 
Wyoming trona. Eleven steps for conduct- 


ing a lease sale were contained in the 
proposed process, which, if approved, would 
improve competition for sodium lease sales 
on Federal lands and streamline BLM leas- 
ing procedures.? 
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DOMESTIC PRODUCTION 


The domestic soda ash industry produced 
a record high of 8.47 million short tons of 
natural and synthetic soda ash and oper- 
ated at 76% of total nameplate capacity. 
About 19% of the quantity produced was 
exported to developing nations for manufac- 
ture of glass, chemicals, detergents, and 
miscellaneous products. The  export-to- 
production ratio increased significantly 
from that of the previous 5 years, which 
averaged 1246 annually. 

Total sodium sulfate production decreas- 
ed slightly to 855,000 tons, of which 423,000 
tons was from natural sources and 432,000 
tons was recovered as a byproduct from 
various rayon, dichromate, and other chem- 
ical operations. 

The Soda Ash Export Trading Associ- 
ation, represented by three of the six domes- 
tic soda ash companies, was reorganized at 
yearend. The new organization was called 
the American Natural Soda Ash Corp. (AN- 
SAC) and included all producers. ANSAC 
was formed to strengthen the soda ash 
export price which had been declining be- 
cause of intense competition between the 
association and the nonassociation pro- 
ducers. 

Texasgulf Chemicals Co. acquired 9,273 


acres of sodium lease tracts adjacent to its 
soda ash facility in Green River, WY, from 
Philadelphia Quartz Corp. (PQ). A 2-year 
drilling and geological evaluation program 
by Texasgulf confirmed that large, high- 
grade trona resources were present on the 
PQ land? 

Anaconda Minerals Co. and Leslie Salt 
Co., in a joint venture, acquired the south- 
ern section of Searles Lake in California. 
Anaconda conducted a preliminary drilling 
and geological exploration program to study 
the subsurface structure. 

At midyear, Morton Thiokol Inc. closed 
its Weeks Island, LA, hydrochloric acid 
plant, which had a byproduct sodium sul- 
fate capacity of 120,000 tons per year. Re- 


duced plant profitability, increased imports 


of salt cake, and increased usage of alterna- 
tive products by the pulp industry were 
cited as the main reasons for the closure.‘ 

A hydrochloric acid plant, commissioned 
in September by Climax Chemical Co., had 
a byproduct sodium sulfate capacity of 
90,000 tons per year. The plant, near 
Grantsville, UT, used the Cannon fluidized 
process, which requires salt and sulfuric 
acid as raw materials.5 


Table 2.—Producers of soda ash and natural sodium sulfate in 1983 


Plant nameplate 
Product and company capacity Plant location Source of sodium 
(thousand short tons) 
Soda ash, natural: 
Allied Chemical Co _________________ 2,200 arses River, Underground trona. 
FMC Corp_______________-__-___- 2,850 1l eee Do. 
Kerr-M Chemical Corp ___________ _ 1,300 Argus, CA _ _ Dry lake brine. 
(RE 150 Westend, CA _ : 
Stauffer Chemical Co. of Wyoming --_--_---_ 1,960 Green River, Underground trona. 
Tenneco Minerals Co |... 1,000 ____do____ Do. 
Texasgulf Chemicals Co |... _ 1,000 Granger, WY _ Do. 
Soda ash, synthetic: 
Allied Chemical Co |... o. 1700 Syracuse, NY_ Ammonia-soda 
process. 
Total ueteres 11,160 
Sodium sulfate: | 
Great Salt Lake Minerals € Chemical Corp. .. _ 40 den, UT __ Salt lake brine. 
Kerr-McGee Chemical Corp |... 225 estend, CA _ lake brine. 
Ozark-Mahoning Co 5. 70 Browne’: Subterranean brine. 
Bo gees 100 Seagraves, TX Do. 
d Ve EE 435 


1Plant was downrated from 900,000 tons per year in Jan. 1982. 
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Table 3.—Manufactured and natural sodium carbonates produced in the United States 
(Thousand short tons and thousand dollars) 


Manufactured 
( pie a Natural sodium Total 
Near soda carbonates? quantity 

process)! ? 

Quantity Quantity Value 
DI eege tte —— GRE W W 1543,812 8,253 
1980 neue ue mic ede rte t. W W $168,168 8,275 
1 oe A A W W 4787 469 8,281 
1982 aan eL asda we Ge, W W $721,257 7,819 
LEE nlt Se cS ees W W © 4685,100 8,467 


“Estimated. W Withheld to avoid disclosing company proprietary data. 
1Current Industrial grp rta; Inorganic Chemicals, Bureau of the Census. Bureau of Mines responsible for data 


compilation after Jan. 197 


2Includes quantities used to manufacture caustic soda, sodium bicarbonate, and finished light and dense soda ash. 


3Soda ash and trona (sesquicarbonate). 
“Includes value for synthetic soda ash. 


Table 4.—Manufactured and natural sodium sulfate! produced in the United States 
(Thousand short tons and thousand dollars) 


Manufactured and natural? Natural 
Year EE e 
mu High Total* Quantity ` Value 
less) 
o ee ao ees At eae nee ISA 612 509 1,121 533 29,689 
Eege tee ate SL nee sey ye E 676 464 1,139 583 36,389 
IEA AE A A e 666 r445 11,111 ° 608 43,186 
KEEN T463 r401 1864 W W 
AA E A AA 427 427 855 423 39,425 
"Revised. W Withheld to avoid disclosing company proprietary data. 
1 All quantities converted to 100% Na3SO, basis. 
2Current Industrial Reports, Inorganic Chemicals, Bureau of the Census. 
3Includes Glauber's salt. 
*Data may not add to totals shown because of independent rounding. 
CONSUMPTION AND USES 


Soda ash sales to glass container manu- 
facturers were adversely affected by in- 
creased consumer preference for plastic 
containers.  Polyethylene  terephthalate 
(PET) bottles for soft drinks, alcoholic bev- 
erages, and certain processed foods contin- 
ued to displace glass containers. Hot-fillable 
containers made of polyethylene with an 
ethylene-vinyl alcohol (EVOH) copolymer 
layer were test marketed for consumer 
acceptance. The EVOH layer is a nonper- 
meable oxygen barrier that prohibits 
spoilage. Hot-fillable PET bottles that 
could withstand high temperatures were 
also introduced to compete with glass 
containers.’ 

The distribution of soda ash by end use 
was glass, 50%; chemicals, 21%; soaps and 


detergents, 9%; pulp and paper and water 
treatment, 3% each; and miscellaneous, 
14%. | 

Despite increased output by the Kraft 
pulp industry, pulp-grade sodium sulfate 
producers lost sales because of increased 
substitution of inexpensive and available 
caustic soda and emulsified sulfur. Sales of 
detergent-grade sodium sulfate improved 
because of changes in detergent formula- 
tion that required additional sodium sul- 
fate. 

Apparent consumption of natural and 
synthetic sodium sulfate was 1.09 million 
tons. The major end uses of sodium sulfate 
were in pulp and paper, 47%; detergents, 
40%; glass, 4%; and miscellaneous, 9%. 
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Table 5.—Estimated consumption of soda ash, by end use 


(Thousand short tons) 

End use 1982 1983 
"Bottle and container _-—-—-------------------—-——-—-—-—————-———— E rct 2,500 2,400 
i| PM" 500 515 
Fiber EE EUR NS A EE EE 220 230 
L8 id o1: A gaa A E AA ee A ae eee oe ko 280 245 
e macs eee Lee tg es gh ade eg an ee a Date ee eed ne 3,500 3,450 
Kreaturen Ee pe e ed hs ye, i ee 1,300 1,400 
Soaps and Geter EEN 500 620 
Pulp and paper ~- - - -----------------—-—- EEN 275 200 
Water treatment. e See a he oe log 230 230 
Other Mee ee AO 862 968 
E ee xoc EE ees 3,167 3,418 
Grand d EE 6,667 6,868 


1Includes soda ash used in petroleum and metal refining, leather tanning, enamels, etc. 


STOCKS 


Yearend stocks of soda ash stored on 


teamtracks, in terminals, in warehouses, sulfate increased 60%. 
and in plant silos decreased about 5%. 
PRICES 


Yearend inventories of natural sodium 


Continuing weak domestic demand for 
soda ash and an excess of soda ash produc- 
tion capacity created intense competition 
among the six U.S. producers that led to 
inequitable pricing throughout the indus- 
try. In an attempt to restore price stability 
and encourage domestic soda ash sales, 
FMC Corp. instituted in October a tempo- 
rary voluntary allowance (TVA) that re- 
duced its f.o.b. list price of Wyoming dense 
bulk soda ash from $84 to $69 per ton. Other 


producers followed the FMC TVA, including 
Kerr-McGee Chemical Corp., which lowered 
its soda ash list price from $107.25 to $92.25 
per ton.* 

The average value of bulk natural soda 
ash, f.o.b. Green River, WY, and Searles 
Valley, CA, as reported by producers, was 
$76.95 per ton. The average value of bulk 


natural sodium sulfate, f.o.b. mine or plant, 


as reported by producers, was $93.30 per 
ton. 


Table 6.—Sodium compounds yearend prices 


1982 1983 

Sodium carbonate (soda ash): 

Light, To We ah carlots, works ________.-~ ~~~ _- e per ton. _ $150.00 $150.00 

scie LWOPKB nt x lc Alc Lb nuu Ae do _ 1 123.00 

Dense, paper ; carlots, WOEKB Es tu ot i ee ee es do $112.00- 118.00 120.00 

Dense, bulk, carlots, work ` ~~ _ ~~ ~~ ~~ ee do____ 69.00 
Sodium sulfate (100% NasSO,): 

Technical detergent, rayon grade, bags, carlots_ — -------------- do_ _ — 90.00- 96.00 $90.00- 96.00 

Sodium sulfate, bulk, carlots, works?*______________________ do... 96.00- 103.00 113.00- 114.00 

Domestic salt cake, bulk, works! s een cL EE do ... 41.00- 52.00 41.00- 53.00 

National Formulary (N.F. XID, drums cornada E per pound. — 235 .235 


lEast of Mississippi River. 


Pp. 


wae Chemical Marketing Reporter. Current Prices of Chemicals and Related Materials. V. 224, No. 26, Dec. 26, 1983, 
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FOREIGN TRADE 


Soda ash exports increased by 48% above 
the record high set in 1982 because of 
favorable rail and ocean transportation 
rates, improvement in the world economy, 
and a slight shift in global trade patterns. 
According to the Bureau of the Census, 
exports to 49 countries were distributed on 
a regional basis as follows: Asia, 43%; South 
America, 20%; North America, 19%; Africa, 
9%; Oceania, 3%; Europe and the Middle 
East, 2% each; and Central America and 
the Caribbean, 1% each. Some of these 
Census data were revised because certain 
shipments to South America had been 
erroneously credited to Switzerland. 

Responding to a complaint by Allied Can- 
ada Inc., the Canadian Department of Na- 
tional Revenue, Customs, and Excise ruled 
in 1983 that six U.S. soda ash producers 
were guilty of dumping dense soda ash on 
the Canadian market in 1982.9 The case was 
referred to the Anti-Dumping Tribunal, 
which determined that (1) the one Canadian 
soda ash producer was injured because of 
dumping by the U.S. soda ash industry, 
excluding Tenneco Minerals Co., which was 
exempt from the ruling, and (2) all U.S. 


producers, including Tenneco, had the po- 
tential to cause further injury to the Cana- 
dian industry in the future. In addition, the 
tribunal established that the four Provinces 
west of the Manitoba-Ontario border were 
exempt from an antidumping duty; how- 
ever, the eastern Provinces were subject to 
an antidumping duty to protect their soda 
ash industry. U.S. soda ash producers 
changed their pricing policies before the 
tribunal could impose the import duty. The 
decision on the amount of duty was pending 
at yearend. 


Table 7.—U.S. exports of sodium carbonate 
and sodium sulfate 


(Thousand short tons and thousand dollars) 


A Sodium carbonate Sodium sulfate 
ear EE A 

Quantity Value’ Quantity Value? 
1980 ___.--_ 1,094 121,945 129 12,740 
1981 _____ 1,1051 121,107 124 12,980 
1982 _____ 1,109 140,616 111 12,162 
1983 _____ 1,686 154,584 91 11,880 

1F.a.s. U.S. port. 


Source: Bureau of the Census. 


Table 8.—U.S. imports for consumption of sodium sulfate 
(Thousand short tons and thousand dollars) 


Y Crude (salt cake)! Anhydrous Total! 

ear ——— E mauau 
Quantity Value? Quantity Value? Quantity Value? 

GRO 202 da cl ico le a een doc e aj a 97 4,872 133 8,370 230 13,242 

)5 1.2 EE EE 136 8,038 139 11,097 275 19,135 

Ree EE 210 13,820 184 14,938 394 28,758 

OR GENEE 144 10,312 199 17,609 343 27,921 


MIncludes Glauber's salt as follows: 1980—1,418 tons ($37,372); 1981—30 tons ($13,800); 1982—2 tons ($1,241); and 1983— 


3 tons ($1,648). 
2C i.f. U.S. port. 


Source: Bureau of the Census. 


Table 9.—U.S. imports for consumption of sodium carbonate 


Sodium carbonate, calcined_ s 
Sodium carbonate, hydrated, and sesquicarbonate _____ __ 


"Revised. 
1C.i.f. U.S. port. 
2Less than 1/2 unit. 


Source: Bureau of the Census. 


1982" 1983 
SE Value! Quan- Value? 
ity (thou- tity (thou- 

(short ds) (short ds) 

tons) Ban tons) ius 
ENSURE ME NONE 18,098 $2,409 19,991 $2,703 
ee NE i 25 10 (2) 1 
EE 18,123 2,419 19,991 2,704 
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WORLD REVIEW 


Botswana.—British Petroleum Minerals 
(BP) began a feasibility study to develop the 
brine deposits of Sua Pan in the Makgadik- 
gadi Basin in northeastern Botswana. If 
results of the study proved favorable, the 
company intended to construct a soda ash 
plant with an annual capacity of about 
330,000 tons. As regional demand for soda 
ash was estimated at only 275,000 tons per 
year, the BP project would compete with a 
proposed 330,000-ton-per-year synthetic 
soda ash project in the Republic of South 
Africa that had been announced in 1982. It 
appeared unlikely that both projects would 
be approved considering the small size of 
the soda ash market in southern Africa.’° 


China.—Japan agreed to help build three 
synthetic soda ash plants in the Provinces 
of Jiangsu, Shandong, and Hebei. The 
plants at Jiangsu and Shandong were to 
have a combined capacity of 660,000 tons 
per year and were scheduled for completion 
by 1986. Information on the third plant was 
unattainable." 

Turkey.—The Turkish Mining Research 
Institute and Etibank, the state-owned min- 
eral company, announced plans to produce 
natural soda ash from a saline deposit 40 
miles east of Ankara at Beypazari. Core 
data obtained in early development work 
indicated that the deposit contained 55 to 66 
million tons of sodium salts. 1? 


Table 10.—Sodium carbonate: World production, by country! 


(Short tons) 
Country 1979 1980 1981 1982P 1983€ 

Albaniaf _________________________ 25,100 21,600 27,600 27,600 27,600 
Australia" esas, Dan as ay Ped EE EE 1330,000 7330,000 ™330,000 ™330,000 330,000 
Austria |... o ooo 190,000 190,000 190,000 190,000 190,000 

IE odes nor mace ELA ue chat Ae 441,197 360,376 300,931 361,170 282,600 
BHrazib ees 130,799 194,007 207,234 €210,000 210,000 
Bulgaria Sn a ea ad ene Sy a cet Nd he ety rye NA 1,650,749 1,629,977 1,618,948 1,607,940 1,650,000 
e, TEEN 500,000 500,000 ,000 ,000 500,000 
BEE 12,000 8,800 5,500 5,500 NA 
Chile” 22 ot al EEN 12, 12, 11,000 NA NA 
CHIA: tumuli egos et ee 1,638,033 1,778,026 1,832,221 1,911,406 2,000,000 
Colómbia -<-i ii Ee, abi 146,846 137,380 137,800 137,800 137,800 
Czechoslovakia_ _____________________ 131,175 135,192 130,293 117,313 117,000 
Denmark EE 3,036 148 164 *165 165 
Egypt CROPS e5, 20,777 25,754 45,496 55,100 
¡Pi AAA EE LE Le lur 1,708,470 1,719,824 1,765,000 — 91,765,000 1,650,000 
German Democratic Republic _____________ 48,519 54,880 67,859 972, 970, 
Germany, Federal Republic of- |... -------—- 1,544,250 L 555, 481 1,310,770 1,229,604 1,323,000 
Greece c o Lo A De A EE 1,100 1,100 1,100 1,1 1,100 
Ee TEE 597,779 578,320 €676,000 646,836 760,000 
ZE 105,000 105,000 105,000 100,000 95,000 
a, SE 1,493,015 1,494,107 1,298,185 1,281,323 1,280,000 
Kenya? Dia ts tias Da o era a 246,747 224,616 275,000 179,513 165,000 
Kora: Republic of 224,642 244,625 222,736 204,666 250,000 
MEXICO == ti error cm esee cL AT 462,970 447,538 442,026 429,901 440,000 
Netherlands®_______________________ 460,000 460,000 460,000 460,000 460,000 
Norway ocho ee ee ,800 ,800 29,800 ,800 29,800 
Pakistan o de a ne etre 82,958 84,878 102,267 118,157 120,000 
Poland. eegene 753,980 839,960 771,617 822,323 820,000 
Se TT EE 201,469 *195,000 €190,000 190,000 180,000 
Romanii m. anaa aa a 984,363 1,032,865 1,069,241 1,060,000 1,060,000 
JA A 550,000 550,000 550,000 550,000 550,000 
EK II hs a ee 1,000 1,000 1,000 1,000 1,000 
Switzerland?! _______________________ 50,000 50,000 51,000 51,000 50,000 
Taiwan EEN 88,973 102,008 79,437 65,279 80,000 
PPP OY. s. i oo torus Aen ies re e 15,000 65,000 65,000 65,000 70,000 
USSR Husos el a to ne 5,271,246 5,269,042 5,357,227 5,250,303 5,300,000 
United Kingdom* ____________________ 1,540,000 1,500,000 1,430,000 1,430,000 1,430,000 
United States* ______________________ rg. 252,194 78,275,230 8,281,495 7,819,083 58, ,467,118 
Yugoslavia — ALL c cte 181,200 42,274 162,212 200,488 : 

POUR M ee AE "31,072,310 "31,246,831 30,981,417 30,367,450 31,262,283 

Estimated. Preliminary. ‘Revised. NA Not available. 


1Table includes data available through May 16, 1984. Synthetic unless otherwise specified. - 


2Natural only. 


3Production for sale only; excludes output consumed by producers. 


*Includes natural and synthetic. 
SReported figure. 
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Table 11.—Sodium sulfate: World production, by country! 


(Thousand short tons) 
Country? 1979 1980 1981 1982P 1983€ 
Natural: 
Argentina- ¿osas o 40 42 57 47 50 
Canadi AAA A 489 530 590 603 490 
Chile eu NA A 2 1 ($) 1 1 
¡A AAA Ee 3 3 e3 “4 3 
IPHh edo mes Pes eet ch ahd ot Ls A Ear 25 10 11 11 14 
Mexico? ________________________ 398 410 467 141 166 
South Africa, Republic of. *14 14 5 3 el 
SDalli A Eee 229 172 292 308 310 
Turkey AAA e t T105 r97 73 72 77 
WSS ` a sp oou E e 315 386 386 397 397 
United States. -___--_-_-___o oo 533 583 608 sW 6423 
Total o ia ide 72,213 72,248 2,492 1,587 1,932 
Synthetic: 
Austria o 23-4 e Lue A es eee 61 61 61 61 61 
Belgium" sacos ás 276 276 276 276 276 
Chile eebe e ts A do o ti 76 r77 64 52 53 
Finland oso cl co eli too Dd os sos cl Eat 50 50 50 50 50 
France- als te it as 168 165 “165 €165 160 
German Democratic Republic... 140 140 139 139 139 
Germany, Federal Republic of. ` 232 248 281 236 243 
Greece, ____—----------------—-- 8 12 12 13 14 
Hungary? -------------------—-—-—- 11 11 11 11 11 
EEN 61,192 1,102 992 937 882 
Japi EE 373 1343 314 282 280 
Netherlands®_____________________ 55 59 ` 55 55 55 
Portugal taa a 49 58 64 “63 62 
EE been e Ee 193 193 193 187 187 
Sweden®________________________ 116 116 116 116 116 
USSR ete a ee se ees 265 276 276 276 276 
United States)! ___________________ 588 556 503 5864 6432 
OU EE 3,853 3,739 3,572 3,783 3,297 
Grand Total ____~_______________ 6,066 5,987 6,064 5,370 5,229 
*Estimated. Preliminary. "Revised. W Withheld to avoid disclosing company proprietary data. 


1Table includes data available through May 16, 1984. 


2In addition to the countries listed, China, N See E Poland, Romania, Switzerland, and the United Kingdom are known 


to or are assumed to have produced synthetic 
commodity, but 
formulation of reliable estimates of output levels. 


ium sulfate, and other unlisted countries may have produced this 
roduction figures are not reported, and available general information is not adequate for the 


3Natural mine output, excluding byproduct output from the nitrate industry, which is reported separately under 


manufactured. 
*Less than 1/2 unit. 


Series revised to reflect output reported by Mexico's principal producer, Industrias Peñoles S.A. de C.V. In 1979, and 
probably in other years, an additional 20,000 tons (estimated) of natural sodium sulfate was produced by a smaller 


producer. 
SReported figure. 


"Conjectural estimates based on 1968 information on natural sodium sulfate and general economic conditions. 
5Natural sodium sulfate included with synthetic sodium sulfate production. 


*Byproduct of nitrate industry. 


10Quantities of synthetic sodium sulfate credited to Spain are reported in official sources in a vay such as to indicate 


that they are in addition to the quantities reported as mined (reported in this table under 


duplication may exist. 
1Derived approximate figures; data 


resented are the 


atural’’), but some 


difference between reported total sodium sulfate 


production (natural and synthetic not differentiated) and reported natural sodium sulfate sold to producers. (reported 


under “Natural” in this table). 


TECHNOLOGY 


Akzo Zout Chemie Nederland BV of the 
Netherlands conducted a laboratory-scale 
trial of its vinyl chloride-soda ash process. 
The company had previously received a 
grant from the European Economic Com- 
munity to help develop the process, which 
uses medium-pressure steam and carbon 
dioxide instead of costly electricity. The 
overall energy consumption of the new 


process is approximately one-half that of 
the conventional method for producing vi- 
nyl chloride. Soda ash is produced from the 
reaction of salt with a concentrated aqueous 
trimethylamine-carbon dioxide solution ob- 
tained downstream in the vinyl chloride 
process. Akzo planned to construct a pilot 
plant by 1985, followed by a large-scale 
demonstration facility.!? 
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1Physical scientist, Division of Industrial Minerals. 

?Federal Register. Bureau of Land Management (Dep. 
Interior). Wyoming; Notice of Field Test of Sodium Con- 
cessionary Leasing and uest for Comments. V. 48, No. 
150, Aug. 3, 1983, pp. 35175-35176. 

3Green River Star. Texasgulf Purchases New Mineral 
Rights. Sept. 28, 1983. 

Chemical Marketing Reporter. Saltcake, HCl Unit 
Slated for Closure by Morton Thiokol. V. 223, No. 21, May 
23, 1983, p. 5. 

*5 Industrial Minerals (London). Company News and Min- 
eral Notes. V. 185, Feb. 1983, p. 57. 

Chemical Week. Rigid Plastics Are Getting a Foot in 
the Kitchen Door. V. 133, No. 15, Oct. 12, 1983, pp. 10-11. 

f . PET Curries Favor for Hot-Fillable Containers. 
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V. 132, No. 20, May 18, 1983, pp. 12-13. 


Journal of Commerce. FMC Adjusts Soda Ash Pricing. 
Oct. 18, 1983, p. 22B. 


9The Wall Street Journal. Soda Ash Dumping Is Ruled 
by Canada Against 6 U.S. Firms. Apr. 12, 1983, p. 7. 
l^ European Chemical News. South Africa and Botswana 


Plan Rival Soda Ash Projects. V. 40, No. 1,076, Apr. 4, 
1983, p. 22. 


11Chemical Week. Japan Helps China Build Up in 
Fertilizers. V. 133, No. 1, July 6, 1983, p. 20. 

12Industrial Minerals (London). Trona Process for Tur- 
key. V. 190, July 1983, p. 11. 

European Chemical News. Akzo Pushes Ahead With 


New Vinyl Chloride/Soda Ash Process. V. 40, No. 1067, 
Jan. 31, 1983, p. 14. 


Crushed Stone 


By Valentin V. Tepordei? 


A total of 863 million short tons of crush- 
ed stone valued at $3.3 billion, f.o.b. plant, 
was reported produced in the United States 
in 1988. This tonnage is the second lowest 
production reported since 1970 and 22% 
below the record-high production of 1979 
but 9% higher than the estimated produc- 
tion of 1982. About three-quarters of crush- 
ed stone production continued to be lime- 
stone and dolomite, followed by granite, 


traprock, sandstone and quartzite, shell, 
calcareous marl, volcanic cinder, marble, 
and slate, in order of volume. 

Foreign trade in crushed stone remained 
relatively minor. Exports increased 17% 
and imports increased 44%. Ninety-five per- 
cent of the exports and 60% of the imports 
was limestone. Apparent consumption was 
863 million tons. 


Table 1.—Salient U.S. crushed stone statistics 
(Thousand short tons and thousand dollars) 


1979 1980 1981 1982 1988 
Sold or used by producers: 
Quantity! ---—------------------—- 1,099,500 983,500 872,600 €790,030 862,700 
Valle. aa iii $3,275,900 $8,265,800 $8,125,000  *$2,918,800 $3,337,000 
Exports (value)... 222-2 222-22 2222-2 $23 $21,239 $25,949 $19,026 $23,021 
Imports for consumption (value) _________._- $16, $13,900 $13,473 $16,382 $14,813 


*Estimated. 


1Does not include American Samoa, Guam, Puerto Rico, and the Virgin Islands. 


Domestic Data Coverage.— Domestic pro- 
duction data for crushed stone were devel- 
oped by the Bureau of Mines from volun- 
tary surveys of U.S. producers. Beginning 
with 1981, full surveys of crushed stone 
producers were conducted for odd-num- 
bered years only. For 1982, a preliminary 
survey was conducted to collect production 
information on a sample basis; this was 
used only to estimate crushed stone produc- 
tion at the State level. 

Starting with 1983, the stone chapter was 
divided into two separate chapters, dimen- 
sion stone and crushed stone. Several 
changes in the reporting methodology have 
been implemented in this chapter to better 
reflect the diversification and the impor- 
tance of the crushed stone industry. 

Of the 5,178 crushed stone operations 
surveyed by the Bureau of Mines in 1983, 


3,791 were active. Of these, 3,165 or 83%, 
responded representing 88% of the U.S. 
total crushed stone output. The nonre- 
spondents' production was estimated using 
preliminary production reports, adjusted 
prior year production, and/or employment 
data. Of the 3,165 reporting operations, 173 
did not indicate a breakdown by end use. 
Their total production as well as that of 625 
nonrespondents, representing 17% of the 
U.S. total, is included in the sold or used 
tables under “Other uses.” A total of 1,293 
operations were idle, and for 94 operations, 
no information was available to estimate 
their production. 

Legislation and Government Pro- 
grams.—In September, the Environmental 
Protection Agency (EPA) issued proposed 
new Standards of Performance for Station- 
ary Sources of Nonmetallic Mineral Oper- 
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ations. These standards would limit fugitive 
emissions from new, modified, and recon- 
structed crushed stone and sand and gravel 
plants to 10% opacity for all facilities using 
a capture system, and 15% for those with- 
out it. EPA proposals also recognize wet- 
dust suppression and baghouses as the best 
demonstrated emission control technology. 
New regulations regarding the use of 
explosives in surface mining, developed by 
the Office of Surface Mining of the U.S. 
Department of the Interior, went into effect 
in April. The new regulations were designed 
to better control ground vibrations during 
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blasting used for mining or construction 
work. 

The impact of the Surface Transportation 
Assistance Act of 1982 on the demand for 
construction aggregates at the national and 
State levels over a 4-year period was ana- 
lyzed in a study published by the Bureau of 
Mines.? The study estimated that a total 
increase in production of road construction 
aggregates of between 428 and 514 million 
tons could result from the legislative pro- 
gram over the 4-year period beginning in 
1983. 


DOMESTIC PRODUCTION 


Of the total 863 million tons of crushed 
stone produced in the United States, 625 
million tons or 72% was limestone and 
dolomite, 117 million tons or 14% was 
granite, and 74 million tons or 9% was 
traprock. Total quantities and values of 
crushed stone produced by kind of stone, as 
well as the number of quarries reporting 
producing each kind of stone, are reported 
for 1981 and 1983 (table 2). 

The South Atlantic region continued to 
lead the Nation in the production of crush- 
ed stone with 25% of the U.S. total. Next 
was the East North Central region with 
16% of the total, followed by West South 
Central with 149v. Of the four major geo- 
graphic regions, the South continued to lead 
the Nation with 49% of the total, followed 
by the North Central with 27%, and the 
Northeast with 13%. 

A comparison of the estimated 1982 and 
reported 1983 production data indicates 
that output increased in all regions. The 
largest increases were recorded in New 
England, 21%; South Atlantic, 16%; and 
Mountain, 13%. 

Based on 1980 census data on population, 
per capita crushed stone production in 1983 
was 3.8 tons. At the regional level, per 
capita production was 5.6 tons in the South; 
followed by the North Central, 4.0 tons; the 
Northeast, 2.4 tons; and the West, 2.2 tons. 

Crushed stone was produced in every 
State except Delaware and North Dakota. 
The 10 leading States in the production of 
crushed stone, in order of volume, were 
Texas, Florida, Pennsylvania, Illinois, Geor- 
gia, Missouri, Virginia, California, North 
Carolina, and Kentucky. Their combined 
production represented 52% of the national 
total. 

Production increased in most States, in- 


cluding 9 of the top 10. The increases were 
significant in California and Maryland. 
Oklahoma, Kansas, Oregon, and Tennessee 
were the only large producing States that 
showed a significant decrease in output. 

Most of the crushed stone, 7596, came 
from 22% of the quarries with an annual 
output larger than 300,000 tons. 

The 10 leading producers of crushed stone 
were, in descending order of tonnage: Vul- 
can Materials Co., Martin Marietta Aggre- 
gates, Koppers Co. Inc., Lone Star Indus- 
tries Inc., General Dynamics Corp., Florida 
Rock Industries Inc, The Rogers Group 
Inc., Gifford-Hill & Co. Inc., Genstar Stone 
Products Inc., and Dravo Corp. 

Between 1970 and 1981, the total produc- 
tion of limestone from underground mines 
had increased from 31 to 50 million tons. 
However, it had decreased to 44 million tons 
by 1983. By operating underground, a vari- 
ety of problems usually connected with 
surface mining such as environmental im- 
pacts and community acceptance are sig- 
nificantly reduced. 

In September, Martin Marietta Corp., the 
second largest U.S. producer of crushed 
stone, combined two of its major divisions, 
construction materials and chemicals, into 
a new unit called Martin Marietta Basic 
Products. The new division includes crush- 
ed stone, sand and gravel, and cement 
operations, as well as other manufactured. 
construction materials. 

Frontier Stone Inc. of Lockport, NY, a 
new company, bought Genstar crushed 
stone quarries located at Lockport and Roy- 
alton, NY. Part of the acquisition and mod- 
ernization funds were provided by the New 
York State Job Development Authority.? 

Genstar of Hunt Valley, MD, one of the 
top 10 U.S. crushed stone producers, com- 


CRUSHED STONE 


pleted construction of a new $13 million 
processing plant at its Frederick, MD, lime- 
stone quarry. The plant was designed to use 
a computerized processing control system 
that was expected to increase quarry pro- 
duction from about 450 to 1,000 tons per 
hour. Crushed stone produced at this quar- 
ry is used primarily as road base material 
and construction aggregates.‘ 

Franklin Limestone Co., a division of 
Franklin Industries Inc. of Nashville, TN, 
purchased a limestone quarry from Dresser 
Industries Inc., Nolanville, TX. The oper- 
ation produces chemical-grade limestone for 
the glass, paper, plastics, paint, and rubber 
industries.* 

Steetley Industries Ltd., the Canadian 
subsidiary of the Steetley Industries Ltd. of 
the United Kingdom, bought J. E. Baker’s 
Millersville, OH, dolomite quarry. The oper- 
ation produces dolomitic lime and dead- 
burned dolomite. Steetley already owns two 
other dolomite operations in the United 
States, at Woodville and Gibsonburg, OH.* 

The executive committees of the board of 
directors of the National Crushed Stone 
Association and the National Limestone 
Institute announced in October plans for 
consolidation of the two trade associations, 
pending approval by the membership. If 
approved, the consolidation was to become 
effective no later than the end of 1984. 

Limestone.—Starting with the 1983 sur- 
vey, a new canvassing procedure was imple- 
mented, designed to collect production data 
on dolomite as well as limestone. A total of 
84 quarries reported dolomite production, 
and 46 quarries produced both limestone 
and dolomite without indicating how much 
of each was quarried. Therefore, the lime- 
stone totals shown in this chapter include 
an undetermined amount of dolomite that 
was produced in addition to the dolomite 
reported separately. Compared with 1981, 
the year when the previous full survey of 
crushed stone producers was conducted, the 
1983 output of crushed limestone, including 
dolomite, decreased 3% to 625 million tons 
and increased 5% in value to $2.3 billion. 
Limestone and dolomite were produced by 
1,183 companies at 2,553 quarries in 46 
States. Leading States, in order of tonnage, 
remained Texas, Florida, Illinois, Pennsyl- 
vania, and Missouri; these five States 
accounted for 40% of the total U.S. output. 
Limestone output decreased significantly in 
California, Florida, Michigan, North Caroli- 
na, and Oklahoma, and increased signifi- 
cantly in Ohio. Leading U.S. producers 
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were, in order of volume, Vulcan Materials, 
Martin Marietta Aggregates, and Lone Star 
Industries. These three companies account- 
ed for 11% of the total U.S. output. 

Dolomite.—4A total of 24 million tons of 
dolomite valued at $102 million was pro- 
duced by 61 companies in 23 States. An 
additional undetermined amount of dolo- 
mite is included in the total crushed lime- 
stone data. Leading States in the production 
of dolomite, in order of tonnage, were New 
York, Pennsylvania, Michigan, Tennessee, 
and Virginia; these five States accounted 
for 67% of the total U.S. output. Leading 
U.S. producers were, in order of volume, 
Lone Star Industries, ASARCO Incorpor- 
ated, and Glasgow Inc.; their combined 
production represented 29% of the total 
U.S. output of dolomite. 

Marble.—Production of crushed marble 
increased 51% to 1.6 million tons valued at 
$28 million. Crushed marble was produced 
by 12 companies at 18 quarries in 9 States. 
Leading States, in order of tonnage, were 
Alabama, Georgia, and Pennsylvania. Ala- 
bama alone produced 42% of the U.S. total, 
while the three leading States together 
accounted for 89% of the total U.S. output. 
Leading producers of crushed marble, in 
order of tonnage, were Georgia Marble Co., 
D. M. Stoltzfus & Son Inc., and Standard Oil 
Industries; their combined production rep- 
resented 84% of the total U.S. output. 

Calcareous Marl.—The output of calcare- 
ous marl decreased 10% to 3.5 million tons 
valued at $8 million. Calcareous marl was 
produced by 17 companies at 20 quarries in 
7 States. South Carolina accounted for 82% 
of the total U.S. output, followed by Texas. 
Leading producers, in order of tonnage, 
were Dundee Cement Co., Giant Portland 
Cement Co., and Gifford-Hill; their combin- 
ed output accounted for 82% of the total 
U.S. production. These three leading pro- 
ducers of calcareous marl were also manu- 
facturers of portland cement. 

Shell.—Shell is mainly fossil reef of oys- 
ter shell. The output of crushed shell 
decreased 22% to 8 million tons and 33% in 
value to $33 million. Crushed shell was 
produced by 14 companies from 19 oper- 
ations in 5 States. Major producing States 
were Louisiana with 63% of the U.S. out- 
put, and Florida. Leading producers, in 
order of tonnage were Dravo, Louisiana 
Materials Co. Inc., and Pontchartrain 
Dredging Corp.; their combined production 
represented 63% of the U.S. output. 

Granite.—Output of crushed granite in- 
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creased 16% to 117 million tons and 26% in 
value to $488 million. Crushed granite was 
produced by 140 companies at 509 quarries 
in 30 States. Leading States, in order of 
tonnage, were Georgia, North Carolina, Vir- 
ginia, South Carolina, and California; these 
five States accounted for 81% of the U.S. 
output. Significant increases in production 
occurred in Georgia and North Carolina. 
Leading U.S. producers, in order of tonnage, 
were Vulcan Materials, Martin Marietta 
Aggregates, and Koppers; their combined 
production represented 48% of the US. 
total. 

Traprock.—The production of crushed 
traprock increased 5% to 74 million tons 
and 9% in value to $306 million. Traprock 
was produced by 266 companies at 583 
quarries in 23 States. Leading States, in 
order of tonnage, were Oregon, New Jersey, 
Washington, California, and Connecticut; 
these five States accounted for 60% of the 
U.S. output. A significant increase in pro- 
duction occurred in Wisconsin. Leading 
U.S. producers, in order of tonnage, were 
Tilcon Inc., the U.S. Forest Service, and 
Traprock Industries Inc.; their combined 
production accounted for 19% of the total 
US. output. 

Sandstone and Quartzite.—Output of 
crushed sandstone and quartzite combined 
decreased 7% to 21 million tons but increas- 
ed 5% in value to $88 million. Crushed 
sandstone was produced by 118 companies 
at 280 quarries in 25 States, while crushed 
quartzite was produced by 18 companies at 
20 quarries in 13 States. Leading producing 
States, in order of volume, were Arkansas, 
Pennsylvania, and California; these three 
States accounted for 44% of the U.S. output. 
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Sandstone production increased significant- 
ly in Wisconsin and decreased greatly in 
Virginia. Leading producers, in order of 
tonnage, were Weaver Construction Co., the 
U.S. Forest Service, and H. M. B. Construc- 
tion Co.; their combined production repre- 
sented 17% of the U.S. total. 

Slate.—Output of crushed slate increased 
37% to 713,000 tons valued at $7.6 million. 
Crushed slate was produced by eight compa- 
nies at eight quarries in six States. Leading 
States, in order of tonnage, were Georgia, 
Virginia, and Arkansas; their combined 
production accounted for 94% of the U.S. 
output. Leading producers, in order of ton- 
nage, were Galite Corp. Arvonia-Buck- 
ingham Slate Co., and Le Sueur-Richmond 
Slate Corp. The top three producers ac- 
counted for 84% of the U.S. output. 

Volcanic Cinder and Scoria.—The pro- 
duction of volcanic cinder and scoria de- 
creased 50% to 1.8 million tons and 32% 
in value to $9.1 million. Volcanic cinder and 
scoria were produced by 39 companies from 
186 operations in 9 States. Leading States, 
in order of volume, were Arizona, Califor- 
nia, New Mexico, and Hawaii; their combin- 
ed production accounted for 73% of the 
total U.S. output. Leading producers, in 
order of tonnage, were the U.S. Forest 
Service, Peter Kiewiat and Sons, and US 
Industries; their combined production 
accounted for 56% of the U.S. output. 

Miscellaneous Stone.—The output of mis- 
cellaneous crushed stone decreased 20% in 
tonnage and 12% in value to 10 million tons 
and $40 million. 

A new table showing stone-producing 
States by kind of stone was included in this 
chapter. 


Table 2.—Crushed stone sold or used by producers in the United States, by kind | 


1981 
Kind Number uantity Val 
of (thousand aue 
quarries short tons) (thousands) 
Limestone_ _ _ _ _ 2,673 646,168 $2,227,474 
Dolomite -_-_-_- (1) 1) (1) 
Marble _ _ __ __ 18 1,071 22,519 
Calcareous marl _ 26 ,824 8,016 
Shell ..... 21 10,769 49,541 
Granite |... 361 101,073 386,322 
Traprock ....- 514 170,167. 1280,997 
Sandstone and 
quartzite ____ 319 22,811 84,016 
Slate -----_--- 9 521 7,740 
Volcanic cinder 
and scoria _ — 199 3,667 13,400 
Miscellaneous 
stone ______ 190 12,568 45,110 
Total? _____ XX 1872,600 13,125,000 


"Revised. XX Not applicable. 
Included with limestone. 


1983 
: Number uantity ; 
Unit Value Unit 
of (thousand 
value quarries short tons) (thousands) value 
$3.45 2,469 600,324 $2,227,182 $3.71 
(7) 84 24,225 102,192 4.22 
21.03 18 1,620 28,086 17.34 
2.10 20 3,451 7,937 2.30 
4.60 19 8,348 33,314 3.99 
3.82 509 116,870 488,359 4.18 
4.00 583 74,020 305,546 4.13 
3.68 300 21,259 87,970 4.14 
14.86 8 713 7,608 10.67 
3.65 186 1,832 9,149 4.99 
3.59 181 10,077 39,913 3.96 
3.58 XX 862,700 3,337,000 3.87 


2Data may not add to totals shown because of independent rounding. 
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Table 3.—Crushed stone sold or used in the United States, by Reston 


(Thousand short tons and thousand dollars) 
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. 1982* 1983 
Region ; s 
Quantity Value Quantity Value 
Northeast: 
New England |. | | |. ooo oo 16,100 19,100 19,535 98,683 
Middle Atlantic __ 89,800 391,500 96,155 435,352 
North Central: | 
East North Central__________________________ 125,600 422,200 138,765 485,749 
& Wak North Central ` 88,400 285,800 94,616 334,686 
uth: 
South Atlantic. ______ __ ee ante aS an eebe eege 185,600 744,900 214,545 905,664 
East South Central _________________________ 83,500 312,600 86,186 329,099 
E West South Central- -----------------------—— 116,500 362,600 119,525 393,551 
est: l 
Mountain- - -2-222222 23,600 96,000 26,776 99,536 
Se TEEN 60,900 222,900 66,635 254,936 
d Ne ah a cord o EE 790,030 2,918,300 862,700 3,337,000 
*Estimated. 


1Data do not add to totals shown because of independent rounding. 


Table 4.—Crushed stone sold or used by producers in the United States, by State 
(Thousand short tons and thousand dollars) 


1982* 1983 
State BEE UR RR 
Quantity Value Quantity Value 
Alabama oo e mos esci o sur decet eet li oe ae eu 21,200 89,600 20,558 95,374 
Alaska uta ee, 5,100 25,200 1,981 9,460 
Arzona A A A 5,200 22,200 4,755 24,079 
RA TEE 13,100 48,500 13,448 51,267 
Calformia: cas cs o eue ze eias den ei Lie ee LE 28,500 105,400 35,582 146,289 
COLO 2: (o (+ EE 6,900 27,800 6,790 22,749 
Connecticut: EEN 6,100 32,700 7,692 45,890 
| Co) Cc TEE EE 53,100 182,300 57,282 235,700 
E EE 34,800 153,500 41,100 186,192 
Hawaii EE 4,500 26,600 5,532 29,703 
Idaho oe son a E NE EE 1,200 6,000 1,935 1,480 
Ulinois ENTIER ZE ep oc as se 42,900 148,300 42,761 166,860 
INOIAN A... cs E e EE 20,300 65,500 24,051 82,782 
LOW tana o et att a EE 22,600 88,800 24,844 101,097 
Kansas ul e E EA Nt PU e ec eE as Jl ta age Sa 14,400 41,100 12,192 44,540 
Kentucky a to a ee 29,500 104,300 33,399 117,842 
¡E AA cuum SS ee set in St Boe e Les ce W 5,158 25,102 
Mâine uta ho e o e ee e eU da 1,200 4,000 848 2,851 
Maryland: ia ta ee ea ia eee 15,100 73,500 19,284 80,429 
Massachusetts. -—-—----------222---------———— 6,900 33,500 7,740 36,002 
Michigan 2 a E a SS he 20,700 67,100 24,763 82,152 
Minnesota -------------------------—-—-——_— 7,100 20,900 8,580 25,320 
NIGERIA dd W 1,651 4,377 
ISSOUFI. edi das ei eu MS Eee eae a eine 38,600 113,300 39,454 120,700 
Montaña. EE ear. 1,400 4,100 872 2,344 
IT MAA 3,100 14,300 5,641 30,047 
Nevada. a a LUI eh Ae da te ee 1,300 4,5 1,269 5,358 
New Hampshire______________~__~___________ 600 3,100 946 2,853 
New CTO AAA AA 10,700 57,800 12,301 70,421 
New Mexico 2 o he EEN 2,800 13,700 4,730 15,121 
New York AA At ARM Eum duet es Enh ol eat 28,700 132,800 32,331 137,982 
North Carolina _______= - goutte hee a iei al 27,500 117,600 33,694 145,602 
NA A A IR 30,300 105,200 32,937 114,059 
Oklah0m8 eue da ptas a ta did Se cag Ae 30,100 84,200 23,865 76,941 
Oregon ==. ia is A he one oe A 14,200 41,900 13,089 39,876 
Pennsylvania `- --------------------------———- 50,400 200,900 51,523 226,948 
Rhode Island... nou RR Ec ment 130 1,100 971 5,507 
South Carolina cin rt ss es ER 14,000 53,000 15,786 61,054 
South Dakota == 202.55 eu ene sce owe he ada 2,600 7,400 3,906 12,982 
KEEN W W 30,578 111,506 
Texas umso A ue ut ar Maipo uA eX 68,000 205,000 16,453 239,642 
Utah iue he amm E cr eA cos 2, 9,800 4,401 14,636 
Vermont ns i E mati cuiu e ric cA a tL dt ew 1,200 5,8300 1,339 5,579 
EIERE eene 35,200 142,300 37,959 158,724 
Mashingtoln xo em sa te tea al ak ge ot ,600 23,800 10,451 : 
West Virginia 101 a Ee losa E 5,900 22,100 9,439 37,962 
Er EE 11,400 36,100 14, 252 39,896 
WV VOTING tue eo eun PLI LUE iua a LAE 2,300 7,300 2, 019 7,769 
EE ere Gi foe ie A osa but cur 38,100 143, 700 ae SN 
NEE 790,030 2,918,300 862,700 3,337,000 


*Estimated. W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1Data may not add to totals shown because of independent rounding. 
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Table 5.—U.S. crushed stone sold or used by producers in 1983, by size of operation 


uantity 
Size range P (thousand Percent 
pe short tons) 

TOZ e iet ch E E O etur 1,067 10,594 1.2 
25to50 _ __ EE 556 21,170 2.5 
NAAA Ie eU cee AAA 283 17,226 2.0 
(SO PEE E RP 206 17,976 2.] 
Ir) EE IE E IA 534 76,579 8.9 
ADEL MEE 308 15,258 8.7 
SLisnpr eu 201 69,391 8.0 
IR E AE 147 65,447 7.6 
500 LEE 109 59,557 6.9 
600 to 100. e otr BN ae ae ae ce cS er NE eo ay fa ee 17 49,869 5.8 
LR AAA A A AA 65 48,795 5.7 
800 t0 b Ex 42 36,440 4.2 
OO EE EE 36 33,936 3.9 
1,000 and OVO EE 160 280,499 32.5 

Eeer e dl EE LE E 3,791 1862,700 100 


1Data do not add to total shown because of independent rounding. 


Table 6.—Crushed limestone and dolomite sold or used by producers in the United States 
in 1983, by State 


(Thousand short tons and thousand dollars) 


State | Quantity Value 

RE EE 19,691 81,010 
Alaska. l0 A ag eic EE E E oo ck 809 3,802 
ATIZOD8 oS e e ee he A Ee 3,611 18,050 
TEE i ctr x Lei ay ia a Gan cL ars tri 5,079 16,973 
EA ul ge ea ue UL cene E II ed d 13,725 65,951 
Colorado 1 esu eaim cem DLE LIS. mo UD MUT Li uL. 2,854 1,489 
Connecticut. ues tenes Run E nobel genit E eae ay t doe nu 315 3,253 
Florida AAA AI AA a a N 54,543 228,428 
o MAA 4,619 18,899 
HáaWal 6s se ONS iw ne EE a Ee Be 918 5,394 
Idahgs oce o ts ceo Ee ee 291 872 
AAA cnc ren PN ER UNA Ce en EE 42,161 166,860 
Indiana EE 24,041 82,770 
OW Ohi S. eos Ee aad Po ee ye EE 24,844 101,097 
EE 11,776 42,113 
Kentücký A A A IN W 
SS A A 518 1,898 
Maryland yah E e ito tr un A e a e el ES 12,656 48,844 
Massachusetts. sit ri a a la e te Sie da o dt 
UA A A AA II E 24,669 81,977 
Minnesota == la io a la EL Eu ag ie M Lee e a e eae 6,206 18,194 
Mississippi AAA A eL A O E 1,651 4,377 
MISSOUE). a EE 37,598 116,662 
lettre 743 1,969 
Nebraska AAA AAA 5,641 30,047 
Nevada `. EE 1,036 4,293 
ENEE ee EE Ee W W 
ING WMC eea Fg as a a tds Ae e LAE SERI ep a eS 2,916 8,110 
New York- AAA A AA AA EE 28,693 119,532 
North Carolina. - <a i A i ee A o E 4,567 21,621 
ODD MCN Cor DP TH lod ep aa, ee 32,874 113,857 
Oklahoma... .....------------ Leg oc ciue Me cav et a 22,889 13,949 
eiu MCCC EET RC W 
Pennsylvania 0 A cand ec e D is EE 42,358 189,644 
Rhode bland —-—— 5 cro med ie Se e ae Pei ru mL W W 
South Carolinas. sel c Scc Ue c E LOU Ned e obs o ee del. 2,989 12,199 
South Dakota eegene lu E d sr EE LES 2,814 ; 
Tennessee- oo si DELE suec DAE Me oe S W 
UC DM" 14,526 230,319 

RN PEEL" EM 4,050 13,529 
Vermont AA EP RE A M ge eiu cp Ed EE E 1,025 4,147 
Nirea MIA c uec e LE LC E M Le Lc Ute 15,609 62,159 
Washington cades comu usce Mi EE 1,414 3,790 
West Virginia 2 i EE 8,350 33,635 
WISCONSIN: ==: a a it E E 11,165 31,055 
We VOM ee 1,430 5,011 

|j AAA IN A EE 66, 247,965 

Otal” mr ti cet pa idu ia E 624,500 2,329,000 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1Data do not add to totals shown because of independent rounding. 
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Table 7.—Crushed calcareous marl sold or used by producers in the United States in 1983, 


by State 
(Thousand short tons and thousand dollars) 

State Quantity 
Floridi ¿seves ala ie ected EEN 5 
Indian noL kun a ace ue eU Lt ELLE a et, ps e AL cn E 11 
Mail o AE eL D ML A rt yt he EUN W 
AN e o ec ee ee Luc Uer eM t A Lr iL AT D A 25 

North Carolina- o pa Led EE 
South.CarollBa- uc a uu tn Lee o Liu Lota AE e DUE 2,836 
KEE "TM W 
Lë, de a a E corer he cen ee EE 575 
NO Ge i tg tcc EE ee 13 451 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1Data do not add to total shown because of independent rounding. 


Table 8.—Crushed granite, traprock, and sandstone and quartzite sold or used by 


producers in the United States in 1983, by State 
(Thousand short tons and thousand dollars) 


Sr Granite Traprock 
Quantity Value Quantity Value Quantity 
Alabama ____________~_____ W W -— oe de 
Alaska mme W W 705 3,403 ES 
Arizona. ————-------—---—— 501 1,453 P zi 118 
Arkansas _ 4,367 17,047 E REN 3,923 
California ________________ 7,711 31,863 7,785 26,583 2,358 
Colorado... 3,474 13,059 80 305 260 
Connecticut _______________ B EM 7,317 42,637 he 
ee TEE 33,898 144,666 NS fev, W 
Hawai __________________ um E 4,487 23,813 

Idaho. ——: Rm 202 846 1,009 2,506 434 
Kansas `- oc A T Se DE E 403 
Kentucky _______________~- e s a = W 
Maine —— emet W W W 
Maryland ` 1,922 9,620 W W 177 
Massachusetts _-____________ 1,317 6,742 5,924 23,523 CH 
Michigan- - o o ae W W 
Minnesota _______________. 2,140 5,815 W W W 
Missouri ` W Dës DK W 
Montana_________________ E "e W W 99 
Nevada _ W W Goes Se Bd 
New Hampshire ____________ 8 22 938 2,831 ium 
New Jersey ___________-___ W W 9,925 02,996 =e 
New Mexico - -------------- W W W 
100 W York <= Ln EcL W W 2,761 14,037 W 
North Carolina --__-________-_ 26,797 112,786 2,225 10,546 W 
OO: onu eee ee al ane ES Kë Sg 63 
Oklahoma _______________ _ 425 195 CN il W 
Oregon - ---------------—- W W 11,282 34,627 W 
Pennsylvania . W W 3,693 13,012 3,147 
Rhode Island ` W W ER ME Pis 
South Carolina _____________ 9,962 42,305 ae: 0 EM 
South Dakota |... Lr) me "M e 1,031 

Tennessee ________________ W W Së SS 2 
NEE 125 455 W W 932 
Utah. dee Ee SA SH ie = 243 
Vermont ----------—---——— W TE mr 
gina erue oe Ee 16,325 71,457 4,641 20,896 662 
Washington ______________ _ 346 907 8,260 23,540 188 
West Virginia... EM M" So E 1,089 
Wisconsin ________________ W W W 1,980 
Wyoming- --------------—- W zu "- m 
Othér. IN See 7,350 28,521 2,930 10,631 4,152 
Total! ____------------- 116,900 488,400 14,020 305,500 21,300 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1Data do not add to totals shown because of independent rounding. 


Sandstone and quartzite 


Value 
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Table 9.—Volcanic cinder and scoria and miscellaneous crushed stone sold or used by 
producers in the United States in 1983, by State 


(Thousand short tons and thousand dollars) 


goe, Volcanic cinder and scoria Miscellaneous stone 
Quantity Value Quantity Value 
Alabama. es ee how E 147 689 
Arizona _______________________ 447 3,120 W W 
Arkansas ______________________ Ux es. W 
CAalifOrniB al ida W W 3,589 12,227 
Colorado o ooo 115 846 7 
age, aces ee ies uta 128 436 — xum 
Kansas- ooo ooo Lo "e 13 26 
Louisiana --_——-------------——— m SES 493 2,452 
Maryland o oz clc Lec n DN 2,595 12,240 
Massachusetts __________________~ SS Ei W 
Michigan Goes Ee Ae ts ee ote das IN SH W W 
Nevada 2 i es en E i etu RUE W W 
New Mexico. ---—-------------———- 311 1,410 BER SH 
New York _______________________ — NM W W 
Oklahoma - -----------------——— P EU W W 
TEE W W W W 
Pennsylvania - - -- --------------—- eee Mc 1,644 6,677 
Rhode Island |... us ES W W 
A AA -—- 211 903 
Utah aia cL 87 333 (1) 2 
Vermont- -----------------—-—-——- ae SE? W W 
aile TEE? e M W W 
Washington__________________-_- W W W W 
Wyoming ____________---___---- "e EE W W 
Other... nas a e Se ee 685 3,004 1,378 4,670 
Total? ou uL he bs Se S 1,830 9,150 10,080 39,910 
W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1Less than 1/2 unit. 
2Data do not add to totals shown because of independent rounding. 
Table 10.—Kind of crushed stone produced in the United States in 1983, 
by State 
Lime- Dolo- Mar- : 
State ston e mite ble Marl Shell Granite 
Alabama. uu n eee E ise uud te Eh E X X X X 
ALASKA o o ia ll X | X X 
Aroi —— ns uic a uL X X X X 
Arkansas 5 205 us ir ld as et ah X X X 
California - - - - - - -- ----------—- par ANTE A X X X 
Colorado: lc cu C a c ue a E X X 
Connecticut _ ee ee A 
Flórida eene A X X X 
GOOFglü uu ocn cum e ee ee a A A X X 
Hawail scm cni ra a Lui ccce X 
Idahóg cuin II cS A Ln eee oe X X 
T SS as eg DET X X 
Indiana EE A A X 
(NEE X 
KANSAS c ox cios cer c c A C X 
Kentucky ______________-_____-~-____-_-- X 
| Trap. Sand Ge eet 
a : P . cinder iscella- 
roc stone Quartzite Slate and laneous 
scoria 
Alabama: 0.2.2: oe a a ees 
Alaska EEN X X 
Arzona Ln ae eL Le M LAM E E X X X 
Arkanas a 2 o e uc cuu e X X X 
IR e EE A A X X X X 
Colorado- ee aa din So a Le X X X X 
Connecticut. m mme ee at X 
DEIA cU e Li E nA es ES 
Georgia «eomm EE cL LLL E. X X 
Hawal isc rs eal Ee A X 
lda ho zl dee uw eeu aus X X X 
Iilinolis ou AI mE cere 
Indiana 2. uen LI eeu LL 
lowa ori onum sidus eun e a da 
ADNHÜS o A d a So e X X X 
Kentucky. (uuo CA LLL ES cues X 
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Table 10.—Kind of crushed stone produced in the United States in 1983, 
by State—Continued 


Lime- Dolo- Mar- : 
State SC mite ble Marl Shell Granite 


Louisiana ---------------------—-———— X 
Malle EE EEN T 
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WE, TEE 
New Hampshire _______________________-_ 
New Jersey - - ----------------—-——————— 
New Mexico ------------------------—— 


North Carolina... eww cee eee eee eee 
ORO teen See fe See es 


pA ol X 


Orcon A aaa a a 
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CONSUMPTION AND USES 


Crushed stone production reported to the 
Bureau of Mines is actually material “sold 
or used" by the producers. Stockpiled pro- 
duction is not reported. Because some of the 
crushed stone producers did not report a 
breakdown by end use, their total produc- 
tion as well as the estimated production of 
nonrespondents was included this year in 
"Other uses." This change in reporting 
procedure should be taken into account 
when comparing 1983 data on use patterns 
with that of prior years. 

U.S. consumption of crushed stone was 
863 million tons valued at $3.3 billion, a 9% 
increase over the estimated consumption of 
1982, and a decrease of 1% from the 1981 
total. About 65% of this tonnage was used 
as construction aggregates, mostly for high- 
way and road construction and mainte- 
nance, 12% for cement and lime manufac- 
turing, 2% for agricultural purposes, 1% for 
metallurgical purposes, 2% for a variety of 
industrial uses, and 18% for other unspeci- 
fied uses. 

Limestone.—Of the 600 million tons of 
crushed limestone consumed, 59% was used 
as construction aggregates, 17% for cement 
and lime manufacturing, and 3% for agri- 
cultural purposes. No significant changes 
occurred in the use patterns of crushed 
limestone at the national level, except the 
large increase of the amount included in 
“Other uses," owing to the implementation 
of new reporting procedures. 

Because the format of table 12 that shows 
the production of crushed limestone and 
dolomite by major uses in each State has 
been modified to reflect changes imple- 
mented in the survey form, a comparison of 
the 1981 and 1983 use pattern for construc- 
tion purposes at the State level cannot be 
made. 

U.S. consumption of crushed limestone 
and dolomite for lime manufacturing 
decreased 22% from that of 1981. At the 
State level, Alabama and Kentucky showed 
an increase, while Michigan and Texas 
showed a decrease in the consumption for 
this use. Consumption of crushed limestone 
and dolomite for cement manufacturing 
decreased 14% from that of 1981. Of the 
major limestone- and dolomite-producing 
States for cement manufacturing, Alabama, 
Florida, and Illinois showed increases in 
consumption, while California, Michigan, 
Missouri, New York, Pennsylvania, and 
Texas showed decreases. 


Dolomite.—Of the 24 million tons of 
crushed dolomite consumed, 76% was used 
as construction aggregates and 13% was 
used for metallurgical purposes. An addi- 
tional amount of dolomite consumed in a 
variety of uses is reported with the lime- 
stone. 

Marble.—Most of the crushed marble was 
used as construction aggregate road materi- 
al and fillers and extenders. No significant 
change in the end-use pattern of crushed 
marble occurred. 

Calcareous Marl.—Of the 3.5 million tons 
of calcareous marl consumed, 96% was used 
for cement manufacturing and 3% was used 
in agriculture. No significant changes in 
use pattern occurred. 

Shell.—Of the 8.3 million tons of crushed 
shell sold, 8196 was used as construction 
aggregates, mostly for roads, and 8% was 
used for cement and lime manufacturing. 
No significant changes in use pattern oc- 
curred. 

Granite.—Of the 117 million tons of 
crushed granite consumed, 77% was used as 
construction aggregates and 8% was used as 
railroad ballast. Compared with 1981, con- 
sumption of construction aggregates in- 
creased 5%, while railroad ballast decreas- 
ed 25%. 

Traprock.—Of the 74 million tons of 
crushed traprock consumed, 76% was used 
as construction aggregates and 4% was used 
as railroad ballast. 

Sandstone and Quartzite.—Of the 21 mil- 
lion tons of crushed sandstone and quartzite 
sold or used, the use pattern was construc- 
tion aggregates, 5096; railroad ballast, 296; 
and cement and lime manufacturing, 2%. 
Beginning with this report, statistical data 
on the uses of sandstone and quartzite are 
shown separately. 

Slate.—Of the 713,000 tons of slate sold, 
the partial use pattern was construction 
aggregates, 86%; filter stone, 3%; and roof- 
ing granules, 2%. 

Volcanic Cinder and Scoria.—Of the 1.8 
million tons of volcanic cinder and scoria 
consumed, 53% was used as construction 
aggregates, mainly for road construction 
and maintenance, and 6% was used as 
railroad ballast. 

Miscellaneous Stone.—Of the 10 million 
tons of miscellaneous crushed stone con- 
sumed, 98% was used as construction aggre- 
gates, mainly for road construction and 
maintenance. 
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Table 11.—Crushed stone sold or used by producers in the United States in 1983, by use 
(Thousand short tons and thousand dollars) 


Use | Quantity Value 
Coarse aggregate (+ 1-1/2 inch): 
TC EE 16,768 58,498 
Riprap and jetty stone - ---------------------ż--—--—--—----—-————_ 19,802 79,487 
INT MAA A S a S 3,541 15,696 
- Other coarse aggregate EE 2,075 9,040 
Coarse aggregate, graded 
Concrete aggregate, coarse. - - - - --------------------—-——---—----——-—_— 97,000 393,840 
Bituminous aggregate, coarse... -----------------—---—-—-—-—-————-——_—_— 60,753 259,994 
Bituminous surface treatment aggregate - -—--------------------—-—-——-_ 22,614 95,917 
Railroad ballast o ee nn Se dE a 22,142 81,420 
Other graded coarse aggregate --—-—----------------------—------—--—— 10,074 59,708 
Fine aggregate (-3/8 inch): 
Stone sand, concrete _____________________________ ee 13,049 59,967 
Stone sand, bituminous mix or seal _______________~__ ~~ Le 12,089 48,586 
Screening, undesignated ee 13,631 49,926 
Other fine aggregate EE 13,764 56,484 
Coarse and fine aggregate: 
Graded road base or subbase _______________________ LLL 150,906 496,220 
Unpaved road surfacing ________________~_____ ooo ooo 54,747 197,624 
Terrazzo and ex Ted EE Ee 815 7,004 
Crusher run or fill or waste __ ___________~____~________ LLL 37,527 124,334 
Other coarse and fine aggregate ___________________ ooo 9,827 39,144 
Other construction materials! ____________________________ Le 147 551 
Agricultural: 
Agricultural limestone - — -------------------------—-—--—--—--—————— 18,682 89,196 
Poultry grit and mineral food - - - - - - - -------------—--—---—-—-—-—-———-————- 1,869 18,468 
Other agricultural uses_ — - - - - consista a dls is 697 2,997 
Chemical and metallurgical: 
Cement manufacture D sers i aed Be es ee ee ee EE 82,567 242,377 
Lime manufacture Zeg AE Eumene te a a ee I 21,442 86,575 
Dead-burned dolomite manufacture — ------------------—-—-—---—-—-—-—-—-—— 1,518 6,294 
Ferrosilicon- steet GEES 44 W 
Flux stone _____________ SEENEN 8,546 39,594 
Chemical stones =o ue EE 1,148 4,909 
Glass A TEE 1,516 12,085 
Sulfur oxide removal _ —- EE 1,616 6,009 
Special: 
Mine dusting or acid water treatment — - - - - - ooo 905 11,700 
Asphalt fillers or extenders -- - -----------------------—--—--—--———— 1,260 9,729 
Whiting or whiting substitute. __________________~_~__ Lt 931 21,208 
Other fillers or extenders --—------------------------—--—--—-——-——— 3,618 60,983 
Lightweight ageregate EE 428 4,883 
Roofing granules A noce e EE ti LLL EE 1,457 7,973 
SugarreDnhning -sena a a i hs cba tee LE 548 2,785 
A AAA OS a 152,671 576,051 
d xz Neg ge nS oe ey aie Rie Nh tcn. ts EE 862,700 3,337,000 


W Withheld to avoid disclosing company proprietary data; included with “Special: Other uses." 

!Includes building products, drain fields, and bedding materials. 

2Includes refractory stone, abrasives, acid neutralization, chemicals, paper manufacture, and uses not specified. 
"Data do not add to totals shown because of independent rounding. 
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Table 12.—Crushed limestone and dolomite sold or used by 


Concrete 
aggregate 
State 
tity Value 
Alabama _________________~_ 3,879 15,631 
Alaska. 160 tao a a a be ES 
Bt TEE Si E 
Arkansas__________________ 55 215 
California _________________ 622 3,012 
Colorado __________________ 1 5 
Connecticut ________________ E ch 
Florida 5:2 Sm 20,692 92,593 
Georgia - _________________- 1,731 7,303 
Hawai ---------ooooo io. 199 2,378 
O A RA a SH 
Illinois -—--------------——- 3,782 13,720 
Indiana- ——--------------—- 1,958 6,820 
| Co A A 1,535 7,379 
AA SR CREE PER 2,018 7,835 
Kentucky_________________- W 
e W 
lünd cnn ate 2,370 7,974 
Massachusetts. _____________ — Sa M" 
Michigan - - - - ------------—- 2,459 5,809 
Minnesota ooo 274 742 
Mississippi - - - - - -----—--—-—-——— W 
Missouri `. 2,491 8,594 
Montana -—--------------—- CN: ae 
Nebraska_________________~- 523 2,832 
Nevada -----------------— ENS Mm 
New Mexico. ` o 508 1,394 
New York _________________ 2,178 7,906 
North Carolina _____________- 794 3,747 
ON 300 soi decia dei tod pc ins trt 4,060 13,325 
Oklahoma `. 4,500 17,857 
Pennsylvania `... 6,450 27,932 
Rhode Island. __-________-_____ Së Së 
South Carolina . _ W 
South Dakota -------------—- 53 268 
Tennessee ________________/_ W W 
SAA ee 13,116 45,549 
Vermont ooo o W 
Virginia tii is 2,850 11,440 
Washington _______________- 3 W 
West Virginia ___________-__~ 111 3,006 
Wisconsin _________________ 726 2,304 
Wyoming. ----------------- 403 1,466 
Total (excluding withheld)! _ _ _ _ _ 80,949 319,036 
Total withheld_ _________-_-_ 12,457 ; 
Grand total! ___---------—- 93,406 364,863 
EE 160 d 
Puerto Rico `. ---- 831 


Bituminous aggre- Roadstone and 


gate 
Quan- 

tity Value 
2,474 9,563 
357 1,324 
7,425 47,489 
99 452 
5,514 21,497 
5,397 18,354 
5,133 21,953 
1,707 7,203 
W W 

W W 
2,077 8,002 
W W 
934 2,767 
356 1,084 
W W 
2,638 9,606 
362 1,627. 
562 1,857 
5462 32,771 
39443 12,777 
2514 10,718 
5,778 24.936 
W W 
W W 
4,426 17,140 
W W 
2,307 10,241 
550 3,157 
799 2,370 
W W 
60,974 266,888 
11,634 45,904 
72,008 312,790 
W W 

29 135 


(Thousand short tons 
Riprap and rail- 
coverings road ballast 
Quan- Quan- 
tity Value tity Value 
2,699 9,871 1,237 3,981 
809 3,802 ated SEN 
94 350 W 3,636 
322 1,233 682 2,467 
164 5,125 6 17 
22 85 7 33 
12,969 33,580 499 2,777 
700 3,022 W W 
121 622 PM Be 
15,212 50,559 2,436 9,020 
,255 14,459 1,176 3,925 
5,195 18,824 187 122 
2,910 9,371 258 958 
W W W 
W W W 
4,402 15,853 203 951 
W W m SCH 
2,854 8,539 378 1,065 
2,181 1,493 195 612 
W W 
8,702 25,891 Kar: SE 
2,145 12,548 190 998 
853 1,935 12 
5,650 22,343 516 2,456 
1,252 5,817 5 37 
10,645 35,712 1,345 4,280 
4,717 1,587 885 4,027 
10,065 38,062 379 1,478 
914 3,500 2S = 
34 W 8 32 
W W W 
24,493 59,427 662 2,312 
1 1 W W 
on W W 
2,863 9,747 644 1,987 
4 W 61 W 
933 4,156 83 341 
5,744 13,836 127 576 
13 50 W W 
135,309 428,637 16,180 58,137 
17,578 ,380 4,579 12,981 
152,889 489,020 20,759 71,119 
71 439 Y Be 
W W W 18 


W Withheld to avoid disclosing company proprietary data; included with “Total withheld” and “Other uses.” 
1Data may not add to totals shown because of independent rounding. 
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producers in the United States in 1983, by State and use 


and thousand dollars) 
Other construc- Cement Agricultural Lime |. NN 
tion uses manufacture uses manufacture Other uses Total 
an- l - Quan- an- 
tity Value tity Value tity Value tity Value tity Value tity Value 
1,835 7,405 3,821 19,936 760 3,612 1,945 7,235 1,039 3,776 1901 SN 
W W W W - "- W W 3,517 14,064 3,611 18,050 
15 190 1,027 2,003 161 1,099 197 2,008 1,605 6,433 5,079 16,973 
46 2,366 10,502 35,688 35 723 W W 1,748 18,418 13,725 65,951 
Ta ren W W a SR W W . 2,824 7,366 2,854 7,489 
W 25 W W W 289 8,252 315 8,253 
3,658 15,054 3,663 15,598 683 2,818 W W 4,953 ,460 . 54,543 228,428 
105 386 1,522 4,816 911 2,446 ee HN 92 473 4,619 18,899 
57 303 486 1,812 21 156 W W 33 123 918 5,394 
MP PA W W 39 117 Saa Sage 252 755 291 872 
510 1,705 2,829 7,780 2,970 12,913 Se ee ,509 49,666 42,761 166,860 
668 2,319 2,110 8,352 1,961 7,519 EN i 5,855 21,024 24,041 82,770 
1,656 : 2,245 ,991 2,079 12,457 W W 6,815 ,238 24,844 101,097 
1,363 5,748 2,036 5,229 455 1,761 W W 1,027 4,010 11,776 42,113 
W W W W W W W W W 
"e Ec W SN gl SH Ec 518 1,898 518 1,898 
541 1,888 2,215 4,351 W W 14 53 774 9,771 12,656 ,844 
M PM Se ER W W W W W W W W 
224 688 5,231 11,631 426 1,608 4,999 18,537 7,164 31,333 24,669 81,977 
167 414 a d 337 1,220 W W 2,141 6,629 ,206 18,194 
W W 280 1,123 "T a 1,270 9,254 1,651 311 
762 2,516 4,300 9,381 1,547 7,289 211 620 12,947 43,364 37,598 116,662 
a REM W W ENS MM W W 738 1,950 743 ,969 
329 1,486 W W 241 2,569 T E 1,849 7,987 5,641 30,047 
"n BS W W W W 439 1,575 597 2,718 1,036 4,293 
306 38 W W mM zx W W 675 2,506 2,916 8,110 
2,927 10,307 W W 283 1,841 m E 11,677 41,910 28,698 119,532 
W W me oe W "E zi 2,516 12,020 4,567 21,621 
1,838 5,489 1,656 7,062 1,070 4,519 723 2,001 8,094 28,633 32,874 113,857 
2,178 7,279 1,633 2,664 60 252 Se SS 6,342 : ,889 ,949 
2,171 ,334 5,880 20,529 1,799 14,429 2,547 15,346 7,288 37,598 42,358 189,644 
W M E W W iu SN W W W W 
RES We? GE Gg W W me — 2,075 8,699 2,989 12,199 
17 50 122 W E Ta ES hes 2,040 7,279 2,874 7,630 
W W W W W W W W W W 
3,316 9,638 9,043 19,190 366 1,445 1,262 6,874 17,841 68,744 74,526 230,319 
Ga NEN 1,380 5,540 W W 731 | 1,839 4,522 4,050 13,529 
W n » ees x Sat ia 1,025 4,141 1,025 4,147 
1,949 6,132 1,280 2,038 901 7,015 462 2,110 2,351 10,789 5,609 62,159 
10 W QW W W 461 874 190 1,414 ,190 
464 1,776 W W 50 3 W W 5,560 20,819 8,850 33,636 
554 1,184 Be Me 589 3,439 184 655 2,440 ,690 11,165 31,055 
10 38 206 433 M um M ve 681 2,573 1,430 5,011 
21,0136 99,618 64,507 190,024 17,500 92,870 14,775 60,957 140,974 565,247 558,324 2,081,409 
6,551 903 14,094 42,993 3,403 16,069 7,646 30,385 XX XX XX 
34,288 122,520 78,604 233,017 20,914 108,941 22,422 91,340 XX XX 624,500 2,329,000 
5 mo PE Es SC Ee fo 93 585 329 2,192 
I ie W W SR a dee Ge 2,715 14,413 3,574 


XX Not applicable. 


18,373 
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Table 13.—Crushed limestone and dolomite sold or used by producers in the United 


States in 1983, by use 
(Thousand short tons and thousand dollars) 
Limestone 
Use 
Quantity Value 
Coarse aggregate (+ 1-1/2 inch): 

CRAIN d [cos un is ere het a A 13,118 43,135 
Riprap and jetty stone |. 222222222222 11,455 37,006 
Filter EEN 2,361 10,574 
Other coarse aggregate _______________________ 936 3,090 

Coarse aggregate, graded: 
Concrete aggregate, coarse _____________________ 70,463 270,133 
Bituminous aggregate, coarse___ __________________ 36,643 149,533 
Bituminous surface treatment aggregate... 16,569 68,230 
Railroad ballast. ——.— ma as tic 6,925 25,145 
Other graded coarse aggregate___________________ 6,716 42,174 
Fine aggregate (-3/8 inch): 
Stone sand, concrete ____________~___________ 8,441 39,041 
Stone sand, bituminous mix or seal ________________ 6,567 25,091 
Screening, designated ________________________ 6,978 24,498 
Other fine aggregate _______________ Le 10,314 39,827 
Coarse and fine aggregate: 
Graded road base or subbase |... 100,478 303,726 
Unpaved road surfacing ______~__~______________ 32,991 119,657 
Terrazzo and ex aggregate __________________ 180 2,672 
Crusher run or fill 222222222 16,625 53,884 
Other coarse and fine aggregate __________________ 5,656 19,538 
Other construction materials ___________-_________ 90 305 
Agricultural: 
Agricultural limestone- - - - - - - - -------------——-—- 17,046 79,947 
Poultry grit and mineral food__------------___ o 1,679 17,344 
Other agricultural uses ---------------------——- 493 1,966 
Chemical and metallurgical: 
Cement manufacture —-—---------------—-—-—- 78,604 233,017 
Lime manufacture _________________________- 20,629 83,793 
Dead-burned dolomite manufacture - —- - - - ----------- 750 4,188 
¡YN AAA A 5,176 25,682 
Chemical stone --—-----------------—-—--——-——— 1,142 4,883 
Glass manufacture _____________~ ~_-~_ ~~~ cc 1,315 9,669 
Sulfur oxide removal - --------------------—--—- 1,616 6,009 
Special: 
Mine dusting or acid water treatment_____________.__ 841 10,718 
Asphalt fillers or extenders - - - - - --------------——- 980 7,140 
Whiting or whiting substitute ___________________ 685 17,157 
Other fillers or extenders ______________________ 2,585 40,151 
Abrasives o i once os el es EE Eo W W 
Roofing granules. 2 a 153 1,657 
Sugar refining - - - -- EA ns ets 548 2,785 
Paper manufacture. _________~__________~______ W W 
Other uses `. LL 111,972 403,216 
Toal uccide IN i ee hy ete 600,300 2,227,000 


W Withheld to avoid disclosing company proprietary data; included with "Special: Other uses." 
1Data do not add to totals shown because of independent rounding. 


Dolomite 
Quantity Value 
136 480 
446 1,970 
78 305 
W 60 
3,056 11,313 
2,701 12,824 
740 2,944 
1,933 6,997 
W W 
1,049 4,326 
767 2,463 
399 1,481 
83 222 
3,275 11,447 
1,935 6,825 
51 447 
1,400 4,689 
. 150 

1,636 9.250 
W W 
W W 
274 1,254 
768 2,106 
2,371 10,558 
W W 
W W 
64 981 
198 1,916 
93 1,378 
182 1,987 
439 3,969 
24,230 102,200 
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Table 14.—Crushed marble sold or used by producers in the United States in 1983, by use 
(Thousand short tons and thousand dollars) 


Use Quantity Value 

Other agricultural Uses... ls cuz oue me E ERE aute 53 W 
Stone sand, concrete _____________________ ooo ooo W 15 
Terazzo and exposed aggregate _______________________ i ooo ooo 31 432 
Other construction and maintenance uses!_______________________________ 313 1,647 
Whiting or whiting substitute Le 246 4,050 
Other? O Secs Pes EBs HENCE EES 978 21,942 

Uc): EE 1,620 28,090 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 

1Includes concrete aggregate (coarse), graded road base or subbase, bituminous surface treatment aggregate, unpaved 
road surfacing, riprap and jetty stone, railroad ballast, and crusher run (select material or fill). 

2Includes poultry grit and mineral food, stone sand, and fillers and extenders. 

3Data do not add to totals shown because of independent rounding. 


Table 15.—Crushed granite and traprock sold or used by producers in the United States 
in 1983, by use 


(Thousand short tons and thousand dollars) 


U Granite Traprock 
se AA, PN IED 
Quantity Value Quantity Value 
Coarse egate (+ 1-1/2 inch): 
Macadam ap la ate at aie O a Ot 2,018 8,131 1,448 6,029 
Riprap and jetty stone ________________________ 3,117 17,555 2,029 10,775 
FPilterstōnë -eode ne e Se Eis 609 2,606 342 1,512 
Other coarse aggregate _______________________ 118 328 862 5,177 
Coarse aggregate, graded: 
Concrete aggregate, coarse ____________________-_ 16,073 76,843 5,768 27,322 
Bituminous aggregate, coarse. __________________ _ 13,700 62,763 6,000 27,090 
Bituminous surface treatment aggregate. ____________ 2,564 12,702 1,881 7,933 
Railroad ballast |... o iii 9,707 36,047 2,866 10,212 . 
Other graded coarse aggregate - - ----------------- 927 3,630 2,254 13,110 
Fine aggregate (-3/8 inch): i 
Stone sand, concrete ooo ooo 2,319 9,800 811 4,028 
Stone sand, bituminous mix or seal ______________.__ 2,993 11,934 1,037 4,210 
Screening, undesignated. - -------------------—— 5,171 19,194 686 3,448 
Other fine aggregate __§______________________-_ 840 3,333 1,584 8,863 
Coarse and fine aggregate: 
Graded road base or subbase ____________________ 23,016 91,585 14,538 53,116 
Unpaved road surfacing _______________________ 2,486 9,739 10,353 34,174 
Terrazzo and vy Tl aggregate -—_----a---------— 326 1,150 11 31 
Crusher run or fill 222222222 2 2 2 12,472 44,903 3,587 11,227 
Bedding material... ae ec 28 112 
Other coarse and fine aggregate __________________ 1,252 4,334 2,484 13,893 
Special: 
Asphalt fillers or extenders ___ ________________-__ 57 604 26 69 
Roofing granules _________________~_________ _ W W 774 2,436 
Agricultural uses - - - ---------------------——— W W W W 
04 AAA E 17,102 71,179 14,151 60,779 
AAA A O AE 116,900 488,400 74,020 - 305,500 


W Withheld to avoid disclosing company proprietary data; included with ‘‘Special: Other uses.”’ 
1Data may not add to totals shown because of independent rounding. | 
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Table 16.—Crushed sandstone and quartzite sold or used by producers in the United 


States in 1983, by use 


(Thousand short tons and thousand dollars) 


Quartzite 
Quantity Value 

(1) (1) 
154 661 
(1) (1) 
22 148 
CH CH 
303 1,881 
64 392 
(2) (2) 
181 3,808 
(3) (°) 
56 844 
21 125 
116 857 
484 2,078 
(*) (9 
4 (6) 
13 51 
183 901 
E [7 
891 8,833 
(5) (5) 
(5) (5) 
(5) (5) 
49" 2,233 
3,068 16,410 


Sandstone 
Use - 
Quantity Value 

Coarse aggregate (+ 1-1/2 inch): 

Macadam ie ES, ip its oS dt ds tue (1) (1) 

Riprap and jetty stone ______________ ~~~ 2222 1,110 4,600 

Fierstong. 2 Ee 41 215 

Other coarse EE 35 106 
Coarse aggregate, graded: 

Concrete aggregate, coarse _-_------------------- 1,000 4,859 

Bituminous aggregate, coarse. - - - - --------------- 991 4,532 

Bituminous surface treatment aggregate------o---... 407 1,961 

Railroad ballast __ - - - - - - - - -- -------------—-- 195 991 

Other graded coarse EE 15 60 
Fine aggregate (-3/8 inch): 

Stone sand, concrete |... LL LLL LLL LLL LLL LLL 211 1,191 

Stone sand, bituminous mix or seal _-____-_-------.-.-. 454 2,363 

Screening, undesignated. ~ - - -- - ---------------- 297 164 

Other fine aggregate - - - - - -- ------------------ 265 2,120 
Coarse and fine aggregate: 

Graded road base or subbase ------ooooooocoomo.. 2,815 10,862 

fa ch diy SUMMACING y == 2 a ee E oie 

errazzo an poses Tan CHE í 

Crusher run or fill ul oo me a de dE 1,874 5,799 

Other coarse and fine aggregate EE 1 257 
Chemical and metallurgical: | 

Cement manufacture. __..-. A IA ee A 201 477 

Lime manufacture A (8) (8) 

Ferrosilicon a ici a a a 7 (5) 

Pluk GtOn@ 2o Lu e ec ee (5) (5) 

Refractory stone EE Sei ha 

pecial: 

Other fillers or extenders ~. -------------------- Gg = 

Other agricultural uses ..-.--------------------- E 

Other ubi ol ee ee A 6,402 28,941 

Total” mts sg lic es o o a do 18,190 71,560 


1Included with “Other coarse aggregate.” 

2Included with “Other graded coarse aggregate.” 

3Included with “Other fine aggregate.” 

“Included with “Other coarse and fine aggregate.” 

5Included with “Special: Other uses.” 

$Data may not add to totals shown because of independent rounding. 


— 


Table 17.—Crushed slate sold or used by producers in the United States in 1983, by use 


(Thousand short tons and thousand dollars) 


Use Quantity Value ` 

Graded road base or subbase __________________ ee 9 18 
Unpaved road surfacing ------------------------------------—---———- 1 2 
Other fillers or extenders `... 5 40 
Other construction uses!____________________________ ee 272 109 
Other- eege E ea ta la aed PC REN 425 6,839 
dk EE 700 7,600 


1Includes bituminous aggregate (coarse), bituminous surface treatment aggregate, riprap and jetty stone, filter stone, 


and crusher run (select material or fill). 
2Includes lightweight aggregate, roofing granules, and uses not specified. 
" SData do not add to totals shown because of independent rounding. 
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Table 18.—Crushed volcanic cinder sold or 
used by producers in the United States in 


1983, by use 
(Thousand short tons and thousand dollars) 
Use Quantity Value 

Coarse te, large ______ 123 321 
Concrete ate, coarse ____ 49 221 
Railroad ballast |... _- 110 231 
Coarse aggregate, graded _____ 36 260 
Fine Bte Se 3 34 
Graded road base or subbase .. — 141 529 
Unpaved road surfacing -.—_--- 420 983 
Terrazzo and exposed aggregate . 181 1,885 
Combined coarse and fine aggre- A à 

er construction and mainte- - 
ce uses! Zoo... 132 848 
Other fillers or extenders |... W 
Roofing granules `... 18 52 
ODO ca ri it 580 3,782 
Total ua rar 1,830 9,150 


W Withheld to avoid disclosing company proprietary 
data; included with “Other.” 

1Includes riprap and jetty stone, filter stone, bituminous 

te (coarse), stone sand (concrete), crusher run 

(select material or fill), stone sand (bituminous mix or 
seal), and undesignated screenings. 

“Includes other agricultural uses, cement manufacture, 
and lightweight aggregate. 

¿Data do not add to totals shown because of independent 
rounding. | 
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Table 19.—Crushed miscellaneous stone 
sold or used by producers in the United 


States in 1983, by use 
(Thousand short tons and thousand dollars) 
Use Quantity Value 
Riprap and jetty stone . - ----- 688 3,972 
Filter RËNNEN 47 197 
Coarse aggregate, large ______ 1 3 
Concrete aggregate, coarse __.-. 70 340 
Bituminous ate, coarse. _ _ 212 1,430 
Bituminous surface treatment e " 
aggregate ------------- 
Stone sand, concrete ________ 23 125 
Stone sand, bituminous mix or 
ee eee uo cus 
ning, undesignated.. . — — — 
Graded road base or subbase `. _ 2,504 7,834 
Unpaved road surfacing — — — ~~ — 3,334 14,887 
Crusher run, select natural or fill 144 2,183 
Other construction and mainte- i l 
nance uses? ______..... 457 1,804 
Other? __-------------—— 1,632 4,429 
Total* unes sa 10,080 39,910 


1Includes macadam aggregate, railroad ballast, terrazzo 
and other ex aggregate, fine aggregate, and combined 


. coarse and fine aggregate. 


2Includes cement manufacture and roofing granules. 
Dota do not add to totals shown because of independent 
rounding. 


PRICES 


The average price of crushed stone in- 
creased 8% to $3.87 per ton, f.o.b. quarry. 
By kind of stone, the average unit prices 
showed increases of 3% for traprock, 8% for 


limestone, 9% for granite, and 12% for 
sandstone and quartzite, and decreases of 
13% for shell and 18% for marble. 


TRANSPORTATION 


Of the total crushed stone produced, 84% 
was transported by truck from the plant or 
quarry to the site of the first point of sale or 
use, 6% was transported by rail, and 5% by 


waterway. No information regarding the 
distance to which crushed stone was ship- 
ped or cost per ton per mile was available. 


Table 20.—Crushed stone sold or used by producers in the United States in 1983, 
by method of transportation 


Method of transportation 


ue a M 53,253 


uantity 
(thousand 
short tons) 


Percent 


124,463 


38.361 
46,660 


1862,700 100 


ANDA 


1Data do not add to total shown because of independent rounding. 
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FOREIGN TRADE 


Exports.—Exports of crushed stone in- 
creased 17% to 2.4 million tons and the 
value increased 21% to $23 million; of this, 
95% was limestone, of which 98% went to 
Canada. 

Exports of quartzite decreased 85% to 
7,000 tons valued at $1.9 million. 

Imports.—Imports of crushed stone in- 


creased 44% to 2.7 million tons but decreas- 
ed 10% in value to $14.8 million. About 51% 
of this tonnage was limestone, 97% of which 
came from Canada. 

Imports of calcium carbonate fines in- 
creased 104% to 392,000 tons; of this, 95% 
came from The Bahamas. 


Table 21.—Exports of crushed stone, by destination 
(Thousand short tons unless otherwise specified) 


e Quartzite Limestone! Other Total? 
‘Destination 

1982 1983 1982 1983 1982 1983 1982 1983 

North America: 
Canada______________________ 1 3 1,867 2,244 70 Tl 1,937 2,324 
Mexico_______~_~______________ (3) T (3) SE 9 19 10 19 
Other ou o unte ep ET Se m 2 es 2 NON 4 SE 
Total? | ooo 1 3 1,869 2,244 82 96 1,952 2,348 

South America: 
enezuela.. 2 2 2 22222222 (3) 2d 43 89 1 1 44 40 
Other v n uuu ee cd E (3) a (3) 3 (3) 4 (3) 1 
Toten n te seen cit ME SL (3) "m 43 42 1 5 44 41 

Europe: 

fanc rt PME RR 2 1 RS sa 2 9 3 
Netherlands __________________ 40 1 Ss We (3) c 40 1 
Switzerland... LLL Ls ES m 3 EM Se NM 3 
United Kingdom -_______________ (3) (3) 6 Sg 1 6 7 6 
EE ee ne as 1 2 (3) (3) 2 (3) 3 2 
NEEN 43 3 7 4 10 9 60 16 
ABI Eu E p TE Em a EA 3 1 (3) EN 4 3 6 6 
Oceania _______________________ (3) E 1 1 (3) 1 2 2 
Middle East and Africa ______________ (3) " (3) = 1 Gen 1 1 
Grand total?________________ 47 7 1,921 2,291 97 115 2,06 2,413 
Total value... thousands__ $2,382 $1,884 $12,083 $14,837 $4,561 $6,300 $19,026 $23,021 


1Includes ground limestone. 


2Data may not add to totals shown because of independent rounding. 


Less than 1/2 unit. 


Table 22.—U.S. imports for consumption of crushed stone and calcium carbonate fines, 
by type 
(Thousand short tons and thousand dollars) 


Crushed stone and chips: 


Limestone vu rs A ee md EAE 


— as a a ae meee wee ee A — 


1982 1983 
Quantity eh ag Quantity SE 
ER 1,383 8,356 1,367 7,952 
m 4 318 29 310 
SCH 26 317 12 245 
SES 250 1,575 869 2.200 
Se 11 664 10,570 2,277 10,709 
Bi 175 953 375 943 
E 9 1,669 9 958 
a 9 3,189 8 2,203 
En 1192 5,811 392 4,104. 
= 1,856 2,669 14,813 


116,382 


1Data do not add to total shown because of independent rounding. 
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WORLD REVIEW 


In November, a National Stone Center 
was Officially opened at  Wirksworth, 
Derbyshire, the United Kingdom. The cen- 
ter is located in England’s largest stone- 
producing county and will be developed on 
the site of six abandoned quarries known as 
the Colehill Complex. The center will be an 
information source for the public and all 
entities connected with the stone industry. 
It will provide a variety of services includ- 
ing references for technical, trade, and 
historical information and research facili- 
ties for studies on new technology, manage- 
ment, trade, planning, conservation, and 
safety. The center will also house the head- 
quarters of the main trade federations asso- 


ciated with the stone industry. A stone 
trade center is also planned to be developed 
later.’ 

Stone production in 1982 in Canada was 
59.2 million tons, valued at $263 million; 
about 95% of this output was crushed stone. 
The Province of Quebec continued to be the 
largest producer with 26.5 million tons 
valued at $111 million, followed closely by 
Ontario with 25 million tons valued at $102 
million. Preliminary estimates for 1983 pro- 
duction indicated an increase of 5% to 62 
million tons valued at $269 million, with the 
Province of Quebec accounting for about 
45% of the total. 


TECHNOLOGY 


Three technology transfer seminars on 
surface mining equipment were organized 
by the Bureau of Mines. The purpose of 
these seminars was to disseminate informa- 
tion on recent advances in mining health 
and safety technology related to the use and 
maintenance of large mobile surface mining 
equipment.® 

A new cost-effective approach to the map- 
ping of overburden thickness using com- 
puter-assisted geophysical techniques was 
implemented by Dunn Geoscience Corp.? 
Although geophysical techniques had been 
used in mineral exploration for many years, 
recent technologic advances had increased 
speed, reduced cost, and expanded the range 
of geophysical mapping applications. 

The National Crushed Stone Association, 
the American Society of Landscape Archi- 
tects, and the National Sand and Gravel 
Association cosponsored the First Land- 
scape Architecture Student Competition in 
which various methods for reclaiming 
crushed stone and sand and gravel sites 
were proposed. The first-, second-, and 
third-place entries were won by Michigan 
State University, Colorado State Universi- 
ty, and the University of Pennsylvania, 
respectively.?° 

Quazite Corp. of Houston, TX, a subsid- 
iary of Lone Star Industries and Shell Oil 
Corp., formed a joint venture to manufac- 
ture and market a new construction materi- 
al brand named “Quazite.” The product is a 
composite material made from selectively 
graded aggregates and high-performance 
polymers and monomers through a patent- 


ed process. The material is impermeable 
and has high bending strength, good chemi- 
cal resistance, and dielectric properties. It 
has a wide range of applications in construc- 
tion, transportation, telecommunications, 
and specialty item manufacturing as a pre- 
cast or cast-in-place product." 

A series of articles on blasting techniques 
that review problems facing quarry opera- 
tors in today’s congested areas was publish- 
ed by the Rock Products magazine. Prob- 
lems analyzed included blasting vibrations, 
airblast, the importance of quarry site geol- 
ogy in selecting blasting methods, and the 
characteristics of blasting agents and their 
most effective use in different environ- 
ments. 17 

The provisions of the 1970 Clean Air Act 
and the 1977 amendments that established 
stringent standards for sulfur oxides emis- 
sions in the atmosphere, mostly resulting 
from burning high-sulfur-content coals, had 
significantly increased the volume of re- 
search in this area. A new “dual alkali’ 
fluegas-desulfurization process, using lime- 
stone instead of more expensive lime, was 
tested at Northern Indiana Public Service 
Co.’s Schahfer Station near Wheatfield, IN. 
The process had been developed by FMC 
Corp. The $2 million field demonstration 
was supported by FMC, the Electric Power 
Research Institute of Palo Alto, CA, and 
three midwestern utility companies." 

A $68 million, 20-megawatt atmospheric 
fluidized-bed combustion (AF BC) pilot plant 
was dedicated by the Tennessee Valley 
Authority at Paducah, KY. The pilot plant, 
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operated in cooperation with the Electric 
Power Research Institute, was to run in a 4- 
year test program to determine the feasibil- 
ity of the use of AFBC on a scale required by 
the electric utilities." 

Several articles on crushed stone mining 
and processing, underground mining, quar- 
ry automation, and use of computers were 
published.!5 


l Physical scientist, Division of Industrial Minerals. 

“Block, F. Estimated Im of the Surface Transporta- 
tion Assistance Act of 1982 on the Demand for Road 
Construction Aggregate. BuMines Minerals & Materials— 
A Bimonthly Survey. June-J uly 1988, pp. 35-48. 

3Rock Products. Rock Newscope. V. 86, No. 10, Oct. 1983, 


p. 9. 
. 86, No. 11, Nov. 1988, p. 9. 
e and Quarry. Industry News. V. 75, No. 7, Jan. 1988, 


P. 

*Industrial Minerals (London). World of Minerals. No. 
186, Mar. 1988, p. 17. 
. World of Minerals. No. 196, Jan. 1984, p. 14. 
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5U.S. Bureau of Mines. Safety in the Use and Mainte- 
nance of Large Mobile Surface Mining Equipment. Pro- 
ceedings: Bureau of Mines Technology Transfer Se 
Tucson, AZ, August 16, 1983, Denver, CO, August 18, 1983, 
Sr Sg Louis, MO, August 23, 1983. BuMines IC 8947, 1983, 


"en J. R., and P. G. Robelen. Affordable: Overburden 
Mapping Using New Geophysical Techniques. Pit & Quar- 
ry, v. 76, No. 2, Aug. 1983, pp. 70-74. 

10Weber, K. NSGA Sponsors First Landscape Architec- 
ture Student Competition for Sand and Gravel ( Operators. 
Rock Prod., v. 86, No. 7, July 1983, pp. 32-33. 

11Quayite Corp. Quazite. A New Class of Engineered 
Materials, 1983, pp. 1-10. 

12Borg, D. G. Some Pointers on Blasting Techniques. 
Rock Prod., v. 86, No. 2, Feb. 1983, pp. 26-28. 

"Chemical Engineering. V. 91, No. 11, May 28, 1984, 


DOT J. L. Fluidized Bed Pilot Plant Starts Four- 
Program. 


Zee te Rock Prod., v. 86, No. 9, Sept. 1988, 
p. 22. 

I5Buckley, S. Industrial Mineral -Crushing 
and oe . Ind. Miner. (London), No. 189, Noi, done 1983, 
pp. 


Industrial Minerals (London). Screening and Classifica- 
tion. No. 190, July 1983, pp. 45-55. 


Dimension Stone 


By Harold A. Taylor, Jr. 


Production of dimension stone decreased 
significantly, 11%, to 1.19 million short tons 
valued at $150 million after showing little 
change over the previous 5 years. One-half 
of the dimension stone produced was gran- 
ite. Limestone, sandstone, slate, and marble 
were also produced. 

Exports of dimension stone increased 
13% in value to $21 million. The value of 
dimension stone imports increased 1546 to 
$195 million, equivalent to 130% of the 
value of domestic production. 

Domestic Data Coverage.—Domestic pro- 


duction data for dimension stone were de- 
veloped by the Bureau of Mines from volun- 
tary surveys of U.S. producers of rough and 
finished dimension stone. Of the 402 dimen- 
sion stone operations surveyed, including 
those that were idle, 295, or 73%, respond- 
ed, representing 91% of the total value 
shown in table 1. Production data for nonre- 
spondents were estimated using prelimi- 
nary production reports, adjusted prior 
years production levels, and employment 
data. 


Table 1.—Salient U.S. dimension stone statistics 
(Thousand short tons and thousand dollars) 


1979 1980 1981 1982 1983 
Sold or used by producers! _______________ 1,350 1,315 1,331 €1,330 1,186 
Value tee terete cee AE $122,800 $138,900 $150,463 $145,113 $149,483 
Esportsivaluel -------------------—— $17,300 $15,170 $20,698 $18,678 $21,185 
Imports for consumption (value) __________-_ $65,800 $88,900 $132,904 1$169,874 $195,378 


*Estimated. ‘Revised. 


1Does not include American Samoa, Guam, Puerto Rico, and the Virgin Islands. 


DOMESTIC PRODUCTION ` 


Dimension stone was produced by 217 
companies at 300 quarries in 39 States. 
Leading States, in order of tonnage, were 
Georgia, Indiana, and Vermont, producing 
together 39% of the Nation’s total. Notable 
was a 27% decrease in Georgia and a 41% 
decrease in Vermont. Of the total produc- 
tion, 52% was granite, 21% was limestone, 
12% was sandstone, 4% was slate, and 3% 
was marble. Leading producer companies 
were Rock of Ages Corp. in Vermont and 
New Hampshire and Cold Spring Granite 
Co., principally in California, Minnesota, 
South Dakota, and Texas. 

Granite.—Dimension granite includes all 


coarse-grained igneous rocks. Production 
decreased 9% to about 616,000 tons, and 
increased 13% in value to $88.9 million. 
Dimension granite was produced by 78 com- 
panies at 117 quarries in 22 States. Georgia 
continued to be the leading State producing 
29% of the U.S. total, followed by Vermont 
and North Carolina. These three States 
together produced over one-half of the U.S. 
total. Of significance were production de- 
creases of 29% and 46% in Georgia and 
New Hampshire, respectively, while North 
Carolina registered a 230% production in- 
crease to become the second leading State. 
Leading producer companies were Rock 
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Table 2.—Dimension stone! sold or used by producers in the United States, by State 


1Includes some slate used as lightweight aggregate. 
2Includes Idaho, Iowa, Maine (1983), Missouri, Montana, New Jersey, Rhode Island, and items indicated by symbol W. 
"Data may not add to totals shown because of independent rounding. 


1982* 1983 
State Quantity Cubic feet Value Quantity Cubic feet Value 

(short tons) (thousands) (thousands) (short tons) (thousands) (thousands) 
Alabama |... 8,415 107 $2,341 1,385 96 $2,661 
Arizona___________ W W 580 45 1 1 
Arkansas__________ 4,570 57 290 9,114 114 573 
California ________ _ 29,148 355 1,895 20,321 245 2,839 
Colorado |... 761 9 64 899 11 86 
Connecticut ________ 19,786 229 1,046 18,178 215 1,028 
Georgia __________ 271,104 2,809 18,510 197,864 1,898 21,672 
Hawai `. 432 5 330 4 3 
Illinois ` 1,500 17 98 1,836 22 71 
Indiana ________ 135,217 1,840 13,337 144,478 1,866 11,015 
Kansas __________~_ 10,771 144 395 W W W 
Maryland `. 32,477 419 1,001 12,193 149 682 
Massachusetts... _ _ _ _ 51,315 733 9,158 50,780 612 10,488 
Michigan__________ 4,488 55 110 4,307 53 112 
Minnesota ________ _ 40,091 480 11,940 27,651 337 11,365 
New Hampshire _____ 107,000 1,266 7,500 57,512 696 4,032 
New Mexico... 17,541 241 138 . 17,584 242 141 
New York _________ 21,530 252 2,293 23,552 292 4,310 
North Carolina ______ 30,491 372 2,814 86,736 1,251 8,267 
O02 2 2s 2 W W W 49,059 663 2,923 
Oklahoma ________~_ 17,825 215 968 9,935 124 737 
Oregon __________~- 327 4 5 W W W 
Pennsylvania ------- 41,511 568 6,354 53,400 753 5,799 
South Carolina _____ _ 13,542 164 904 17,113 199 1,165 
South Dakota _______ 47,539 528 16,270 42,864 473 15,952 
Tennessee _________ 10,411 124 1,012 7,313 87 1,161 
êkas om unus 49,862 631 5,822 50,484 626 11,071 

Utah" num 3,116 40 280 W W 
Vermont. 202,131 2,162 29,446 118,339 1,213 19,995 
Virginia _________~_ 4,201 58 1,130 92,584 1,019 3,067 
Washington _______~_ 13,729 172 2,315 1,107 14 37 
Wisconsin ________ _ 36,505 456 2,644 24,218. 297 2,884 
Other? ___________ 96,374 1,257 4,389 38,603 492 5,347 
Total 1,329,776 15,769 145,113 1,185,844 14,065 149,483 

“Estimated. W Withheld to avoid disclosing company proprietary data; included with “Other.” 


Table 3.—Dimension granite sold or used by producers in the United States, by State 


State 


California ——--------------—---———- 
Connecticut. |... 2222242 22-2 
E i. mno en AS 
Massachusetts ___________________ 
Minnesota______________________ 
New Hampshire -----------------—- 
North Carolina_______-__-_-_o o. 
Oklahoma- ---------------—---—— 
South Carolina___________________ 
South Dakota 22s ss 


VIEN Sei e i as 
Wisconsin ooo oo 
Othér A SS 


— — — 


1982* 

Quantity Quantity 
(hort thousands) (Short 
tons) tons) 

NA NA 5,823 
N N 9,773 
249,000 $11,800 176,838 
49,000 8,600 49,280 
24,500 9,500 
107,000 7,500 57,512 
24,300 2,200 80,096 
NA NA 5,39 
13,500 900 17,113 
47,500 16,300 42,864 
N NA 39,994 
84,000 11,700 
NA NA 20 
NA NA 2,945 
282,000 210,000 3128,815 
680,800 78,500 616,469 


1983 


Cubic feet 
(thousands) 


11 
108 
1,64 
59 


Value 
(thousands) 


$1,975 
662 
10,199 


2,016 
334,402 


88,907 


Estimated. NA Not available. 
^ lLessthan 1/2 unit. 


2Includes items indicated by symbol NA plus all other remaining States. 
3Includes Colorado, Maine, Maryland, Missouri, New York, Pennsylvania, Rhode Island, Washington, and items 


indicated by symbol W. 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
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Table 4.—Dimension limestone sold or used by producers in the United States in 1983, 


by State 
Stat Quantity Cubic feet Value 
S (short tons) (thousands) (thousands) 
eg c c minm it es cee eee ee Sees 6,053 81 $1,555 
California EENG 1,790 22 73 
DUDEN e CEET 1,836 22 71 
RE (0: 16 EE EE 142,682 1,839 W 
MITES. ce E A Aa RI LAT 1,020 12 38 
WISCONSIN: == Se onc tee ou. nat a en ae, Be Ld A Lt ee Rr 21,273 266 868 
BAI NR CREER RP REPRE CDM et 10,430 921 16,517 
Toal ccs d Basa Sh hha A A Rl EEN 245,084 3,163 19,122 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1Includes Colorado, Iowa, Kansas, Maryland, Michigan, Minnesota, New Mexico, Ohio, Texas, Washington, and item 
indicated by symbol W. 


Table 5.—Dimension sandstone sold or used by producers in the United States in 1983, 


by State 
Quantity Cubic feet Value 
State (short tons) (thousands) (thousands) 

EE ee Ee LE bier 45 1 $1 
Arkansas tee Eeer apt cet Ee, NO 9,114 114 573 
California `, EE EE 213 3 8 
Colorado EE oe a nt ee E. 588 8 28 
Connecticut. 5. udo e a hee Re) a eye hae me A 8,405 108 366 
E TC TEE EE cease Eg a ra heme a eat EEN 1,796 27 W 
Maryland ett evum ced He e 2,616 33 190 
MISSOUE) 5s deene ek acer eru rA meus cage tr betae ELE e 230 3 18 
New York coa AE E SEELEN Ee 16,221 207 2,198 
OT E EE 4,539 58 85 
Pennsylvania ~- - ------------------—---—--———- cr 35,897 541 1,444 
UN EE 66 1 2 
A A A A CD ee 68,336 914 4,496 

Totales a a o o e e ii o dd e re des 148,066 22 015 9,409 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 

Includes Alabama, Georgia, Idaho, Michigan, New Jersey, North Carolina, Ohio, Oregon, Tennessee, Utah and item 
indicated by symbol W. 

2Data do not add to total shown because of independent rounding. 


Table 6.—Dimension marble sold or used by producers in the United States in 1983, 


by State 
State Quantity Cubic feet Value 
(short tons) (thousands) (thousands) 
CE reto ica eat ii EE 3,110 40 W 
Massachusetts cs eS sete NEE eic um a rer er se Ttg 1,500 15 W 
Other e tour c uude rur s Di al M ents A NAE EA eed 26,143 280 $18,602 
Tota "C — "€€— —o——— —— 30,753 2336 18,602 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 
1Includes Alabama, Georgia, Montana, New Mexico, Tennessee, Vermont, and items indicated by symbol W. 
2Data do not add to total shown because of independent rounding. 
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of Ages, Cold Spring Granite, and H. E. 
Fletcher Co. It was estimated that the three 
leading companies produced 55% of US 
output. 

Nortek Inc., a Rhode Island-based con- 
glomerate, signed a letter of intent to sell 
Rock of Ages, the largest producer of rough 
granite in Vermont, to a group led by the 
chairman and president of the John Swen- 
son Granite Co. of Concord, NH. The sale 
was to take effect sometime after January 
1, 1984. 

Limestone.—Dimension limestone in- 
cludes bituminous, dolomitic, and siliceous 
limestones. It was produced by 45 compa- 
nies at 57 quarries in 16 States. Indiana 
continued to be the leading State, followed 
by Wisconsin. The top three producers, in 
order of value, were Indiana Limestone Co., 
Alabama Limestone Inc., both located with- 
in their respective States, and Biesanz 
Stone Co. Inc. in Minnesota. 

Sandstone.—Dimension sandstone  in- 
cludes calcareous and siliceous-cemented 
sandstones or conglomerates. Quartzite, 
which is also included, may be described as 
any siliceous-cemented sandstone. It was 
produced by 56 companies at 72 quarries in 
22 States. Leading States continued to be, in 
order of volume, Ohio, Pennsylvania, and 
New York; these three States accounted for 
almost two-thirds of U.S. output. Leading 
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producers, Standard Slag Co. in Ohio, John- 
ston and Rhodes Bluestone Co. in New 
York, and Delaware Quarries Inc. in Penn- 
sylvania, accounted for 36% of U.S. produc- 
tion. 

Slate.—Dimension slate was produced by 
22 companies at 33 quarries in 6 States. The 
two leading States, Vermont and Virginia, 
in order of volume, accounted for 67% of 
U.S. output. The top three producers, A. 
Dally and Sons Inc., Vermont Structural 
Slate Co. Inc., and Arvonia-Buckingham 
Slate Co. Inc., accounted for an estimated 
31% of U.S. output. 

Marble.—Dimension marble includes cer- 
tain hard limestones, travertines, and any 
other calcareous stone that can be polished. . 
Dimension marble was produced by 9 com- 
panies at 12 quarries in 8 States. Georgia, 
Vermont, and Idaho, in order of tonnage, 
were the three leading States, accounting 
for approximately 75% of U.S. output. Lead- 
ing producers were Georgia Marble Co., The 
Marble Shop Inc., and Vermont Marble Co. 
The top three companies accounted for 91% 
of U.S. output. 

Miscellaneous Stone.—Miscellaneous di- 
mension stone, including traprock, was pro- 
duced by 9 companies from 10 quarries in 
6 States, and totaled 15,368 tons worth 
$207,000. 


CONSUMPTION AND USES 


Dimension stone was marketed over wide 
areas. Industry stockpiles were not moni- 
tored and production during the year was 
assumed to equal consumption. | 

Consumption of domestic dimension stone 
decreased slightly to 1.19 million tons 
valued at $149.5 million. Ashlars and par- 
tially squared, dressed pieces were 20% of 
total consumption by value followed by 
rough stone used for monumental purposes, 
16%; rough blocks used for building and 
construction, 15%; dressed monumental 
stone, 1596; and dressed slabs and blocks for 


building and construction, 12%. 

Of the total. consumption of domestic 
granite, 26% by value was rough monu- 
mental stone; 24%, ashlars and partially ` 
squared, dressed pieces; and 18%, rough 
blocks for building and construction. 

Consumption of domestic limestone to- 
taled 245,100 tons valued at $19.1 million, of 
which 35%, by value, was ashlars and 
partially squared, dressed pieces; 34%, 
dressed slabs and blocks for building and 
construction; and 24%, rough blocks for 
building and construction. 


PRICES 


The average price for dimension stone 


increased 16% to $126 per ton. 


FOREIGN TRADE 


Exports.—Exports of dimension stone, 
about one-half of which was granite, in- 
creased 13% in value to $21 million. 

Imports.—Imports of dimension stone in- 


creased 15% in value to $195 million, most- 
ly because of increases in imports of various 
kinds of marble. Imports of polished marble 
slabs, mostly from Italy, increased 23% to 
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$42 million. Imports of other marble, 
n.s.p.f., increased 49% to $28 million, pri- 
marily because of a significant increase 
from Taiwan. Imports of slate decreased 


825 


32% in value to about $3 million. On a 
value basis, granite accounted for 46% of 
imports, followed by marble, 37%; traver- 
tine, 11%; and slate, 2%. 


WORLD REVIEW 


Some production of dimension stone oc- 
curred in most countries of the world. As 
usual, Italy produced about one-half of the 
world total. Other significant producers 
were Brazil, Finland, India, Norway, Portu- 
gal, Spain, Sweden, Turkey, and the United 
States. 

Brazil.—Brazil exported 68,200 tons of 
rough granite in 1982, compared with 83,500 
tons in 1981. The major destinations. were 
Italy, 72%, and Japan, 20%. 

Canada.—A new plant with ultramodern, 
Italian-designed equipment for cutting and 
polishing thin granite slabs came on-stream 
near Quebec City in 1982. Quebec Province 
accounted for about 90% of Canadian gran- 
ite production. Sales of Quebec building 
granite rose to $25 million in 1982, from 
$9.5 million in 1979. About 25 quarries 
operated in Quebec, producing gray, pink, 
mahogany, and black granites, with most 
production coming from the  Riviere-a- 


Pierre, and  Guenette 
areas.? 

Finland.—Finland exported 227,290 tons 
of rough granite in 1982, compared with 
215,530 tons in 1981. The major destinations 
were Italy, 60%, and France, 18%. 

Spain.—Spain continued to be a signifi- 
cant buyer and seller of dimension stone. It 
imported 87,800 tons of rough marble and 
travertine in 1982, compared with 79,200 
tons in 1981. The major sources in 1982 
were Italy, 55% and Portugal, 44%. Spain 
exported 180,300 tons of roofing slate in 
1982, compared with 182,200 tons in 1981. 
The major destinations were France, 84%, 
and the Federal Republic of Germany, 9%. 

Sweden.—Sweden exported 147,050 tons 
of rough granite in 1982, compared with 
116,520 tons in 1981. The major destinations 
were the Federal Republic of Germany, 
39%, and Denmark, 25%. 


Lac-Saint-Jean, 


TECHNOLOGY 


Shell Oil Co. and Lone Star Industries 
Inc. formed a joint venture, with a capital- 
ization of $10 million, called the Quazite 
Corp., to manufacture thin cladding panels 
for buildings made of a material trade 
named Quazite. Quazite has the appearance 
of dimension stone but is a rigid synthetic 
material composed of a mineral aggregate 
and a resin, such as epoxy, acrylic, or 
polyester, that serves as a binder. It is 
reputedly nonporous and unaffected by 
water and deicing chemicals, expansion- 
contraction action resulting from freeze- 


thaw cycles, and airborne contaminants. 
The firm indicated that the material has a 
high modulus of elasticity and is more 
abrasion-resistant than, and has twice the 
bending strength of, granite. Quazite panels 
can be up to one-third the thickness of 
brittle materials such as granite with no 
loss of unit strength. 


¡Physical scientist, Division of Industrial Minerals. 

2Nantel, S. Dimension Stone of Quebec: Geological 
Aspects of Commercial Granite Deposits. Paper in 19th 
Forum on Geology of Industrial Minerals, Toronto, Cana- 
da, May 23-21, 1983, 22 pp. 
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Table 7.—Dimension stone sold or used by producers in the United States in 1983, by use 


Use 
Rough stone: 
Rough blocks for building and construction _____§______________ _ 
Irregular-shaped stone!________________________ LL Le 
Monumental ocio al cd ee deene 
Other? 


Dressed stone: 
Ashlars and partially squared pieces? _______________________ 
Slabs and blocks for building and construction 
Monumental 
Curbing 
WT TEE 
Rooting EE 
Structural and sanitary 
Flooring slate 
Other* 


eee aaa ea a aia ia i i a a ae i el Ss 


1Includes rubble. 
2Includes flagging and uses not specified. 
3Includes veneer. 


Quantity 
(short tons) 


142,343 
60,737 
75,191 
51,937 
50,617 

8,861 
3,581 
12,114 
87,839 


1,185,844 


Cubic feet 
(thousands) 


3,393 


14,065 


Value 
(thousands) 


4Includes paving block, blackboards, billiard table tops, slate used as lightweight aggregate, and uses not specified. 


"Data may not add to totals shown because of independent rounding. 


Table 8.—Dimension granite sold or used by producers in the United States in 1983, 


by use 
Use 
Rough stone: 
ough blocks for building and construction -____________ __~_ 
Irregular-shapedstone! |... o o oo ooo ooo 
Monumental x. e ee Ey at CLA DA ie 
DA a, EEN 


Dressed stone: 
Ashlars and partially squared pieces - - -—- -----------------—--— 
Slabs and blocks for building and construction 


! Includes rubble. 

?Includes flagging and uses not specified. 

3Includes flagging and paving block. 

*Data do not add to total shown because of independent rounding. 


Quantity 
(short tons) 


132,035 
42,369 
247,254 
180 


Cubic feet 
(thousands) 


1,555 


6,751 


Value 
(thousands) 


$16,411 


488,907 


Table 9.—Dimension limestone sold or used by producers in the United States in 1983, 


by use 
Use 
Rough stone: 
Rough blocks for building and construction ____________________ 
Irregular-shaped stone?_____§_________________ LL 
Other eet leen Sag Ma A 


Dressed stone: 
Ashlars and partially squared pieces? _______________________ 


Quantity 
(short tons) 


110,564 


Cubic feet 
(thousands) 


1,429 
929 
129 


611 
416 
($) 
48 


63,163 


Value 
(thousands) 


$4,578 
1,080 


Includes rubble. 


2Includes flagging. 

3Includes veneer. 

“Less than 1/2 unit. 

5Includes flagging and uses not specified. 

£Data do not add to total shown because of independent rounding. 
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Table 10.—Dimension sandstone sold or used by producers in the United States in 1983, 


by use 
Us Quantity Cubic feet Value 
(short tons) (thousands) (thousands) 
Rough stone: 
Rough blocks for building and construction ------------------—- 26,385 348 $810 
Irregular-shaped stone’_______________________________- 67,185 879 2,323 
OEE asta dh emu A i E AD 2,292 29 150 
Dressed stone: 
Ashlars and partially squared pieces? _______________________ 30,305 394 2,261 
Slabs and blocks for building and construction _________________- 10,341 136 1,491 
Ra EE 11,088 222 1,826 
Othe EE 470 6 547 
Ee de nt do Y e ro io Ss tail Py ae 148,066 2,015 9,409 


1Includes rubble. 

2Includes flagging. 

3Includes veneer. 

‘Includes curbing and uses not specified. 

"Data may not add to totals shown because of independent rounding. 


Table 11.—Dimension slate sold or used by producers in the United States in 1983, by use 


Use Quantity Cubic feet Value 
(short tons) (thousands) (thousands) 
NËT TEE 28,257 311 $2,150 
Roohng slate <= cane eta tere ee Pat SN tine Ee Ern 8,861 97 4,384 
Structural and sanitary_____________~_____ ~~~ ~~~ ~~~ clc 3,581 39 1,817 
Fiooring slate- MAA ceo as Rue to RSS 12,114 133 3,297 
Other: Lou e sh sey sm Beh ER EE a ee a 291 3 40 
Totale uo cert ee EE Me Nat 8 E 53,104 584 11,689 


1Includes blackboards, billiard table tops, and uses not specified. 
2Data may not add to totals shown because of independent rounding. 


Table 12.—Dimension marble sold or used by producers in the United States in 1983, 


by use 
Use | Quantity Cubic feet Value 
(short tons) (thousands) (thousands) 
Rough stone: Rough blocks for building and construction... _ 5,476 55 $495 
Dressed stone: Slabs and blocks for building and construction __________ — 7,089 85 8,894 
Oer cc IO EE EE 18,188 196 : 9,213 
Total LL e ELI M e Mes s 30,753 336 18,602 


!Includes rough irregular-shaped stone, dressed ashlars and partially squared pieces, monumental, flagging, and uses 
not specified. 


Table 13.—U.S. exports of dimension stone, by type 


(Thousand short tons and thousand dollars unless otherwise specified) 


Major 


Type 1982 1983 destination 
Quantity Value Quantity Value in 1983, 
(percent?) 
Granite rough - - -------------—----—-—-————— 70.4 6,914 15.7 8,068 Japan 50%; 
Federal Re- 
public of 
Germany 
18%. 
Granite articles ______-___-_o ooo NA 1,822 NA 1,468 Canada 51%. 
Limestone, crude, not for building or monumental ____ 5.7 75 9.3 156 Chile 99%. 
Limestone, dressed, for building or monumental. _ _ _ _ _ 1.8 146 1.5 227 Canada 39%. 
Limestone articles, 6.0 250 30.4 584 Canada 64%. 
Marble, breccia, onyx, rough or squared___________ 10.4 811 18.6 540 Canada 70%. 


See footnotes at end of table. 
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Table 13.—U.S. exports of dimension stone, by type —Continued 


(Thousand short tons and thousand dollars unless otherwise specified) 


Ty 1982 

= Quantity Value 
Marble, breccia, onyx articles ______________ R arte NA 1,867 
guara rough and dressed `. 47.2 2,382 
ate building articles. —- - - - - - - -----------—-——- NA 133 
Slate building articles, other- _________________ NA 1,501 
Stone, rough, not for building or monumental - -----—- 3.4 267 
Stone, rough, for building or monumental- _________ 9.4 1,151 
Stone, other, including alabaster or jet -_________-_ NA 1,359 
d Ve WEE NA 18,678 

NA Not available. 

1By value. 


Table 14.—U.S. imports for consumption of dimension granite, by country 


(Thousand cubic feet and thousand dollars) 


Rough? 
Country EE 
. Quantity Value 
EE tl a 7312 6,561 
1982: 
Cd BEE 352 65 
Canada: costs a o dd a 341 3,030 
India — ta A ee d S 46 
¡A sau ree cem chien m as en RS x 
Italy == ta es ee a 10 62 
Y eebe Ee Ges zi 
Portüpal.- eto AES M 
South Africa, Republic of______________ 153 r750 
Eeer IN 
KEIER 6 199 
gioco E r771 74,252 
1983: 
Brazil enee 10 31 
Canada ne ee Se ee E 198 3,098 
br, TEEN 17 
Ireland- ts e Lene eet ee ENT 
Italy. osos ua A ione d i uel 43 12 
JaDBAD). ueniens uc aile Ar: aon ete 
Portugal- c. ti sz 1 21 
South Africa, Republic of ` 713 938 
Spain uo ue e o eles SS Gees 
QO a cea he E 3 17 
Total. mee ehe Lt rr 945 4,993 
"Revised. 


1Does not include nonmanufactured nonmonumental granite. 
2Does not include granite n.s.p.f. decorated. 

3Quantity not reported. 

*Less than 1/2 unit. 


1983 
Quantity 


Quantity 


Major 
destination 
Value in 1983, 
(percent!) 
9,424 Saudi Arabia 
13%. 
1,884 France 35%. 
385 Federal Re- 
ublic of 
rmany 
39%. 
967 Saudi Arabia 
35%. 

331 Canada 44%. 
1,480 Japan 52%. 
1,671 Canada 34%. 

21,185 


Dressed 
Value 
691 33,521 
97 2,395 
204 11,085 
19 462 
2 50 
850 55,050 
8 467 
3 108 
12 204 
7 456 
26 1,360 
1,228 71,637 
108 2,821 
209 10,698 
25 874 
($) 

1,357 61,422 
16 85 
5 236 
16 269 
21 2,180 
65 1,370 
1,828 79,958 


Other 
n.s.p.f. 
undeco- 
rated? 3 
(value) 


5,160 
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Table 15.—U.S. imports for consumption of dimension marble and travertine, by country 


Marble, 
breccia, or 
onyx, other 

n.s.p.f.! ? 


Marble, breccia, or onyx, 
polished slabs 
Country 
Quantity 
(thousand 
square feet) 
Ia EA o to e do a es 11,553 $29,951 
1982: 
rante: ontario 236 663 
Germany, Federal Republic of- ---------- 107 163 
A A A ehh ott pees 238 614 
E EE 8,957 26,072 
ET A A E DEUS Em 308 682 
Pakistan. cias o le te 23 69 
Philippines - -------------------—- 193 478 
Portugal ne ege 646 2,102 
SpA EENEG 1,044 1,957 
Taiwan enh A Se eee eee oie 132 270 
Other. AA teg 2,065 1,141 
Total AMA AE I ER 13,949 34,211 
1983: 
ETRUGB rota ai tua a e rt oboe 339 1,105 
Germany, Federal Republic of___________ 47 161 
EE 240 636 
Italy ion a at ak Soter ait tg tt rf 11,846 30,785 
MOeXICO EE 695 933 
SEET 40 181 
Philippines --------------------—- 190 624 
ST WEE 798 2,108 
DAI sa nua e te ee Sk ee es 2,243 3,401 
d KEE 384 789 
Other AA IAEA 496 1,215 
Total eue e ts 17,318 41,938 


1Does not include certain special kinds of rough marble, breccia, or onyx. 
2Quantity not reported. 


ue Value 
(thousands) (thousands) 


$19,291 


28,461 


Travertine dressed? 
Quantity Value 
(short tons) (thousands) 
46,450 $17,554 
15 18 
42 38 
165,116 19,612 
1,3 964 
151 106 
76 49 
166,755 20,787 
19 24 
15 11 
47,896 16,578 
17,584 1,355 
536 190 
1,044 133 
17 9 
229 114 
67,340 18,414 


3Suitable for use as monumental, paving, or building stone. Does not include travertine articles. 


Table 16.—U.S. imports for consumption of other dimension stone, by type 


1982 
T Value 
de Quantity  (thou- 
sands) 
Granite, unmanufactured, nonmonumental 
short tons. . 1,102 $57 
Granite, n.s.p.f. decorated ___________________ EN 165 
Alabaster and jet articles. ___________________ P" 1,120 
Limestone, crude not for building, monumental 
short tons. . 212,110 1,359 
Limestone, dressed, hewn ______________ do... 16,847 414 
Marble and breccia, rough -__________ cubic feet _ 58,168 162 
OY rough 5 ous m oom eme astuce ed Ate Ee 6,585 67 
Marble, breccia, onyx, slab and tiles, unpolished 
square feet 339,599 1,227 
Quartzite mmm eia short tons. . 26,327 215 
Slate, roofing .~________________ square feet__ 129,267 105 
Slate, other, nent, SEH 4,871 
Travertine articles, undecorated _______________ TH 1,741 
Travertine articles, decorated_________________ a 468 
Stone, unmanufactured_____________ short tons. . 13,737 267 
Stone, dressed, building. _______________ do____ 811 341 
Stone, other n.s.p.f,undecorated.. US 1,401 
Stone, other n.s.p.f., decorated_________________ qn 1,700 


- ! By value. 


1983 ' 
Major source 
Value in 1983, 
Quantity ` (thou- (percent!) 
sands) 
1,679 $199 Republic of 
uth Afri- 
ca 64%. 
"P 175 Italy 24%. 
Ee 1,922 Italy 91%. 
211,291 1,349 Canada 51%. 
8,883 343 Italy 52%. 
44,336 243 Mexico 28%. 
1,596 32 Mexico 96%. 
644,351 1,432 Italy 60%. 
13,533 245 Canada 52%. 
298,259 82 China 44%. 
DRS 3,296 Italy 73%. 
MR 2,671 Italy 85%. 
e 115 Italy 89%. 
42,351 472 Mexico 53%. 
2,385 405 Italy 55%. 
SÉ 1,613 Mexico 23%. 
ER 1,357 Mexico 28%. 


Digitized by Google 


Sulfur 


By David E. Morse! 


Domestic production of sulfur in all forms 
decreased 5%. Production of recovered ele- 
mental sulfur from petroleum refineries 
and natural gas processing plants was at an 
alltime high, whereas production of sulfur 
from Frasch mines was the lowest since 
1943. Shipments of sulfur in all forms in- 
creased 13%; shipments exceeded sulfur 
output by 11% during 1983. Prices for all 
elemental sulfur decreased. Sulfur demand 


continued to exceed domestic production; 
the United States continued to be a net 
importer of sulfur despite a decrease of 
nearly 1 million metric tons in producers' 
stocks of elemental sulfur. 

World production of sulfur in all forms 
declined for the third consecutive year. 
World demand exceeded output, requiring a 
drawdown of world stocks by about 3 mil- 
lion tons. 


Table 1.—Salient sulfur statistics 
(Thousand metric tons, sulfur content, and thousand dollars unless otherwise specified) 


United States: 
ae acta 


J'OUB uc ek yh Al e eae te P te S 
Imports, elemental _______________________- 
Exports, elemental? _______________________ 
Consumption, apparent, all forms? ______________ 

. 31: Producer, Frasch and recovered ______ 


Stocks, 


Value: 
Shipments, f.o.b. mine or plant: 


Total ` ee ehh Soe hh area ae ae 

Imports, elemental*_____________________ 
Exports, elemental? ____________ 

Price, elemental, dollars per metric ton, f.o.b. mine or plant _ 
World: Production, all forms (including pyrites)_____-_.-- 


*Estimated. Preliminary. ‘Revised. 
1Includes Puerto Rico and the Virgin Islands. 


ewe ei eee mm mn mmm em zm 


— — em = pe ` mm ` men wm zm zm mm vm eee zm ` zm 


1979 1980 1981 1982 1983 

RS 6,357 6,390 6,348 4,210 3,202 
ies 4,070 4,073 4,259 4,404 4,955 
MOT 1,674 1,403 1,538 1,173 1,133 
exe: 12,101 11,866 12,145 9,787 9,290 
Bye 7,507 7,400 5,910 3,598 4,111 
oe 4,108 4,115 4,207 4,344 9,041 
T" 1,674 1,403 1,538 1,173 1,133 
— 13,289 12,918 11,655 9,115 10,285 
ue 2,494 2,023 2,022 1,905 1,695 
SS 1,963 1,673 1,392 961 992 
TT 13,739 13,659 12,785 10,059 10,988 
a 4,239 3,094 3,634 4,202 3,218 
-- $449,433 $720,511 $715,683 $434,660 $445,131 
es 198,137 305,046 412,115 425,217 384,214 
— 89,643 84,332 140,618 122,177 116,255 
-- "317,218 1,109,889 1,268,416 982,054 945,600 
= $94,147 $138,852 $209,766 $164,885 $129,110 
-- $142,966 $185,866 $187,407 $122,143 $109,298 

$55.75 $89.06 $111.48 $108.27 $90.62 
— "53,227  '54,920 53,350 50,776 “50,472 


2Includes exports from the Virgin Islands to foreign countries in 1981-83. 


3Measured by shipments, plus imports, minus exports. 
*Declared customs valuation. 


5Includes value of exports from the Virgin Islands to foreign countries in 1981-83. 
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Figure 1.—Trends in the sulfur industry in the United States. 
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SULFUR 


Domestic Data Coverage.—Domestic pro- 
duction data for sulfur are developed by the 
Bureau of Mines from four separate, volun- 
tary surveys of U.S. operations. Typical of 
these surveys is the Elemental Sulfur sur- 


833 


vey. Of the 194 operations to which a survey 
request was sent, all responded, represent- 
ing 100% of the total production data shown 
in tables 1 and 2. 


DOMESTIC PRODUCTION 


Frasch.—In January, seven Frasch mines 
were operating in Louisiana and Texas. 
Mines in Louisiana were Freeport Minerals 
Co. at Garden Island Bay, Grand Isle, and 
Caillou Island. Mines in Texas were Farm- 
land Industries Inc. at Fort Stockton; Duval 
Corp. at Culberson; and Texasgulf Inc. at 
Boling Dome and Comanche Creek. Howev- 
er, the Comanche Creek Mine was closed at 
the end of November. At yearend, the re- 
maining six mines were operating at an 
estimated 50% of capacity. 

Frasch sulfur production decreased 1.01 
million tons from the output in 1982. Ship- 
ments, however, increased by 0.5 million 
tons. Frasch sulfur accounted for about 35% 
of domestic production of sulfur in all forms 
in 1983, compared with 43% in 1982. Ap- 
proximately 85% of Frasch sulfur ship- 
ments was for domestic consumption, and 
1596, for export. The total value of Frasch 
sulfur shipments increased slightly. 

Recovered.— Production of recovered ele- 
mental sulfur, a nondiscretionary byprod- 
uct from natural gas and petroleum refin- 
eries, and coking plants, accounted for 5396 
of the total domestic output of sulfur in all 
forms, compared with 45% in 1982. Produc- 


tion and shipments reached alltime highs in 
1983 and surpassed Frasch output and ship- 
ments for the second consecutive year. This 
type of sulfur was produced by 58 compa- 
nies at 159 plants in 27 States, 1 plant in the 
Virgin Islands, and 1 plant in Puerto Rico. 
Most of these plants were of relatively small 
size, with only 10 reporting an annual pro- 
duction exceeding 100,000 tons. By source, 
52% was produced by 43 companies at 86 
refineries or satellite plants treating refin- 
ery gases and 3 coking plants, and 4896 was 
produced by 27 companies at 68 natural gas 
treatment plants. The five largest recovered 
elemental sulfur producers were Atlantic 
Richfield Co., Chevron U.S.A. Inc., Exxon 


Co. U.S.A., Shell Oil Co., and Standard Oil 


Co. of Indiana. These companies’ 46 plants 
accounted for 59% of recovered elemental 
sulfur output. 

The leading States in production of re- 
covered elemental sulfur were Alabama, 
California, Mississippi, Texas, and Wyo- 
ming. These five States contributed 70% of 
the total output; shipments from Texas 
accounted for 28% of total shipments. The 
total value of shipments of recovered ele- 
mental sulfur decreased 10%. 


Table 2.—Production of sulfur and sulfur-containing raw materials in the United States 
(Thousand metric tons) 


Frasch sulfur oa da rt EE een 
Recovered sulfur?___________________________ 


Byproduct sulfuric acid (100% basis) produced at copper, lead, molybdenum, 


EE 


1982 1983 

Gross Sulfur Gross Sulfur 

weight content weight content 
Var 4,210 4,210 3,202 3,202: 
uisus utor e re a De 4,404 4,404 4,955 4,955 
RM ERU 2,532 828 2,541 831 
dos 676 265 W W 
EE 131 80 741 302 
EE XX 9,787 XX 9,290 


W Withheld to avoid disclosing company proprietary data; included with "Other forms.” XX Not applicable. 


! Includes Puerto Rico and the Virgin Islands. 


2Includes hydrogen sulfide, liquid sulfur dioxide, and data indicated by symbol W. 
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Table 3.—Sulfur produced and shipped from Frasch mines in the United States 


(Thousand metric tons and thousand dollars) 


y Production Shipments 
ear ————— ———Ó——— 
Texas Louisiana Total Quantity Value? 
E Ee 3,897 2,460 6,357 7,507 449,433 
LEE ARA LEAN 4,081 2,309 6,390 7,400 720,511 
AA EE 3,908 2,440 6,348 5,910 715,683 
1] AAA AAA AR ANS 2,898 1,312 4,210 3,598 434,660 
REESEN 1,915 1,286 23,202 4,111 445,131 


1F.o.b. mine. 
2Data do not add to total shown because of independent rounding. 


Table 4.—Recovered sulfur produced and shipped in the United States: 


(Thousand metric tons and thousand dollars) 


Production Shipments 
Year Natural Petrol 

of n refineries? Total Quantity Value? 
tt EE 1,760 2,310 4,070 4,108 — 198,137 
Lt SE 1,757 2,316 ‘4,073 4,115 305,046 
ET Ee 1,971 2,288 4,259 4,207 412,115 
OD a a asp a E he ears 1,960 2,444 4,404 4,344 425,217 
II ts Let ean de ae E 2,371 2,584 4,955 5,041 384,214 


1Includes Puerto Rico and the Virgin Islands. 


“Includes a small quantity from coking operations and utility plants in 1979-82; includes only a small quantity from 
coking operations in 1983. 
3F.o.b. plant. 


Table 5.—Recovered sulfur produced and shipped in the United States, by State 


(Thousand metric tons and thousand dollars) 


1982 . 1983 
State ^ Production Shipments Production Shipments 
(quantity) Quantity Value (quantity Quantity Value 
Alabama os Ses et er ee 441 440 46,067 401 401 36,319 
California. ____________________ 494 486 31,859 480 505 ,978 
NET, TEE 190 190 W 142 142 
Illinois- nare em 214 214 21,006 224 225 20,557 
Louisiana _____________________ | 232 232 25,247 261 261 24,1 
Michigan and Minnesota... 97 97 7,175 118 119 8,054 
Mississippi - -- - ---------------- 623 602 71,722 690 722 67,860 
A EENG W W W uc EEN E 
New Jersey ____________~___ ee 113 103 12,040 78 73 8,029 
New Mexico ___________________ 62 63 ,337 60 60 3,827 
New York_____________________ W W xit "3 oe 
North Dakota __________________ Vu 76 4,400 101 102 4,904 
O a re E 28 27 3,106 38 39 3,837 
Pennsylvania___________________ 57 4,818 4,507 
BXHB uoc oc a ke eA ae 1,298 1,297 129,454 1,394 1,407 109,061 
Wisconsin... 55 
Wyoming === cata iia es 69 63 3,327 504 489 16,903 
Other? a ae as e esee ee 407 394 59,604 415 442 51,139 
Total? oc ai 4,404 4,344 425,217 4,955 5,041 384,214 


W Withheld to avoid disclosing company proprietary data; included with “Other.” 

1Includes Arkansas, Colorado, Delaware, Indiana, Kansas, Kentucky, Montana, Oklahoma, Utah, Virginia, Washing- 
C Rico, and the Virgin Islands combined to avoid disclosing company proprietary data, and data indicated by 
sym A | 

2Data may not add to totals shown because of independent rounding. 
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Table 6.—Recovered sulfur produced and shipped in the United States, 
by Petroleum Administration for Defense (PAD) district 


(Thousand metric tons) 


eee 1982 1983 
an 
source Production Shipments Production Shipments 
PAD 1: 
Petroleum and coke _________________________ 276 265 235 237 
Natural gas coto ire Be eor c Rm 190 189 142 141 
Tota as he o a es ce dy 466 455 377 379 
PAD 2: 
Petroleum and coke _________________________ 440 440 498 500 
Natural pas a tee Ae la a a ras, 83 81 105 107 
Total a a EE EE 523 522 604 607 
PAD 3:? 
Petroleum. ten is e 1,133 1,133 1,255 1,259 
Natural gis oli eee e a yan ie 1,622 1,599 1,627 1,681 
Total hehe cs eget as ee E 2,755 2,732 2,882 2,940 
PAD 4 and 5 
Petroleum -2-2-2222 593 575 594 631 
Natural EAS o si a o de ota ea darlas 64 57 496 481 
A IA eee at 657 632 1,091 1,112 
Grand total! ___________________________ 4,404 4,344 4,955 5,041 


1Data may not add to totals shown because of independent rounding. 


2Includes Puerto Rico and the Virgin Islands. 


Byproduct Sulfuric Acid.—Sulfur con- 
tained in byproduct sulfuric acid produced 
at copper, lead, molybdenum, and zinc 
roasters and smelters was 9% of the total 
domestic production of sulfur in all forms. 
Ten acid plants operated in conjunction 
with copper smelters, and 10 plants were 
accessories to lead, molybdenum, and zinc 
roasting and smelting operations. The five 


largest acid plants accounted for 58% of the 
output, and production in five States was 
81% of the total. The five largest producers 
of byproduct sulfuric acid were ASARCO 
Incorporated, Kennecott, Magma Copper 
Co., Phelps Dodge Corp., and AMAX Inc. 
These companies’ 14 plants produced 82% 
of the total. 


Table 7.—Byproduct sulfuric acid: produced in the United States 


(Thousand metric tons, sulfur content, and thousand dollars) 


Co ear Zi SE 

pper . inc moly 

Year plants? purs ane plants? dénum Total Value 
p'an plants’ 

Ty C EET 821 |... 846 s 1,167 51,815 

198022 2 LLL LL LLL LLL 686 hi 183 134 1,003 55,897 

T98l IN A Laaa 848 = 179 132 1,159 75,657 

19822222 615 SCH 112 101 828 63,674 

(NEE 601 EE 126 104 831 54,995 


1Includes acid from foreign materials. 
2Excludes acid made from pyrites concentrates. 
SExcludes acid made from native sulfur. 


Pyrites, Hydrogen Sulfide, and Sulfur 
Dioxide.—Contained sulfur in pyrites, hy- 
drogen sulfide, and sulfur dioxide was 3% of 


the total domestic production of sulfur in all 
forms, compared with 4% in 1982. The total 
sulfur content in these products was 12% 
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less than that of 1982. Pyrites was produced 
by two companies at two mines in two 
States; hydrogen sulfide, by two companies 
at three plants in three States; and sulfur 


dioxide, by three companies at five plants in ` 


five States. The three largest producers of 
these products were Shell Oil, hydrogen 
sulfide; Stauffer Chemical Co., sulfur diox- 
ide; and Tennessee Chemical Co., pyrites 
and sulfur dioxide. These companies’ one 
mine and five plants accounted for 95% of 
the total contained sulfur produced in the 
form of these products. 


Frasch— 
o 
z 
o 
lb 
9 
a 
f> 
ul 
= 
z 
o 
end 
= 
= 
1960 1965 1970 
z 
o 
f= 
Q 
D 
o 
© 
a 
a. 
u. 
le) 
f= 
z 
ul 
O 
a 
ul 
a. 


0 
1960 1965 


1970 


MINERALS YEARBOOK, 1983 


Table 8.—Pyrites, hydrogen sulfide, and 
sulfur dioxide sold or used in the 


United States 
(Thousand metric tons, sulfur content, 

and thousand dollars) 

. Hydrogen Sulfur 
Year  Pyrites sulfide ` dioxide Total Value 
1979 _ 400 . 95 72 507 37,828 
1980 _ 322 36 42 400 28,435 
1981 307 28 44 379 64,961 
1982 265 32 48 345 ,503 
1983 . W W 50 302 61,260 


W Withheld to avoid disclosing company proprietary 
data; included in “Total.” 
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Figure 2.—Trends in the production of sulfur in the United States. 
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CONSUMPTION AND USES 


Apparent domestic consumption of sulfur 
in all forms increased 9%. The sources of 
supply were domestic recovered elemental 
sulfur, 42%; domestic Frasch sulfur, 32%; 
and combined domestic byproduct sulfuric 
acid, pyrites, hydrogen sulfide, and sulfur 
dioxide, 11%. The remaining 15% was sup- 
plied by imports of Frasch and recovered 
elemental sulfur. 

The Bureau of Mines collected end-use 
data on sulfur and sulfuric acid according to 
the Standard Industrial Classification of 
industrial activities. Shipments by end use 


of elemental sulfur were reported by 65 
companies, and shipments by end use of 
sulfuric acid were reported by 67 compa- 
nies. Twelve companies reported shipments 
of both elemental sulfur and sulfuric acid. 

The largest sulfur end use, sulfuric acid 
production, represented 81% of shipments 
for domestic consumption. Some identified 
end uses were tabulated in the “Unidenti- 
fied" category because these data were pro- 
prietary. Data collected from companies 
that did not identify shipments by end use 
were also tabulated as “Unidentified.” 


Table 9.—Apparent consumption of sulfur' in the United States 


(Thousand metric tons) 


1979 1980 1981 1982 1983 
Frasch: 
JM EA 7,507 7,400 5,910 3,598 4,111 
o A A 1,229 990 856 690 604 
LN Wa 2 li les 1,963 1,673 1,216 731 601 
ls oa 6,773 6,717 5,550 3,557 4,114 
Recovered: 
Shipmenta!— enee ii ts 4,108 4,115 4,207 4,344 5,041 
IDDOMB AAA 1,265 1,533 1,666 1,215 1,091 
EXDOHMS. o ume i ee E 81 109 176 230 391 
dio ^i ae a aca NER ERE 5,292 5,539 5,697 5,929 5,741 
Pyrites, shipments ________________________- 400 322 307 265 W 
Byproduct sulfuric acid, shipments `... 1,167 1,003 1,159 828 831 
Other forms, shipments?_________________ 107 78 72 80 302 
Total, all forms - - - --- ---------------——- 13,739 13,659 12,785 10,059 10,988 
W Withheld to avoid disclosing company proprietary data; included with “Other forms, shipments.” 
1Crude sulfur or sulfur content. 
2Includes Puerto Rico and the Virgin Islands. 
Includes consumption of hydrogen sulfide and liquid sulfur dioxide and data indicated by symbol W. 
Table 10.—Elemental sulfur sold or used in the United States, by end use 
(Thousand metric tons) 
SIC . End use 1982 1983 
20 Food and kindred products - - -- -----------------—----—--——— W W 
26, 261 Pulp and paper products _________________~__~________ c loa 20 14 
282, 2822, 2823 Synthetic rubber, cellulose fibers, other plastic products! ___________ W 34 
287 Agricultural chemicals `, 376 563 
28, 285, 286 Paints and allied products, industrial organic chemicals, other chemical 64 115 
produc- Eege 
284 Soaps and detergents ____________________ Le 45 23 
29, 291 Petroleum refining and petroleum and coal products... 180 142 
5 Paving and roofing materials _____________________-__--- _ W zt 
281 Other industrial inorganic chemicals. |... -- ---------------—- 80 250 
30 Rubber and miscellaneous plastic products _________________ __ _ W W 
Sulfuric acid: 
Domestic sulfur ` ee 5,906 6,558 
Imported sulfur ______________~_~__~__________-~_-___- 1,071 1,675 
Total EE 6,977 8,233 
Undentifiéd, iad E ay Ee 677 801 
Total domestic uses -----------------------------—- 8419 10,75 
EXDOPHS moss ia ah nn ee ye cee eC NE a 657 
Grand total EE 9,076 10,820 


W Withheld to avoid disclosing company proprietary data; included with “Unidentified.” 


!Includes cellulosic fibers in 1983. 
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Table 11.—Sulfuric acid sold or used in the United States, by end use 
(Thousand metric tons of 100% HS0.) 


antit 
SIC End use __ Quantity — 
1982 1983 
102 COPD o AMA 776 534 
1094 Uranium and vanadium ores _—-—-—-----------------—-----—--—-—- 369 250 
10 Other ores scudo A i o cm a ier ee ee 158 138 
261 Pulpmilla — eco eae US SI uM LUE M LUE LI 661 607 
26 Other paper products -—- ers il is 96 152 
285, 2816 Inorganic pigments and paints and allied products ________________-- 539 382 
281 Other inorganic chemicals — — —- - - —- -—------------------—-—-————- 774 965 
282, 2822 Synthetic rubber and other plastic materials and synthetics_____________ 661 965 
2823 Cellulosic fibers including rayon . ~~~ ee 263 294 
2839 . — DMS AAA AA A A 43 87 
284 Soaps and detergents ege 295 320 
286 Industrial organic chemicals________________~___~____________ 1,003 1,124 
2873 Nitrogenous fertilizers -—--—----------------—--------—--——————- 231 160 
2874 Phosphatic fertilizers __ _.__-_________________-___~______ 19,624 21,759 
2879 | eh Tt TEE c Leo e meu i uale qe uere 127 84 
287 Other agricultural chemicals _______________________________ 224 184 
2892 Explosives or Ln area Leid can at AS 46 62 
2899 Water-treating compounds- ooo 443 398 
28 Other chemical prodücts P ss osea 225 204 
29, 291 oe refining and other petroleum and coal products... 2,311 2,071 
30 ber and miscellaneous plastic products ______________. ~~ --_--~- 17 96 
331 Gier all TEE 262 288 
333 Nonferrous metals_ — ~- - - - —-- ---------->—----—---———-——-——————— 50 32 
33 Other primary metals__________________ ~~ ee 16 19 
3691 Storage batteries (acid) — — — - - - -- -- -----—-—---—-—-—-—-—-—-—--——-———-— 161 177 
UnidentiDed. zaera es ee AS 1,023 1,305 
Total domestic: .——— 22 50 mL ea a a a a ido ICE ue 30,398 32,657 
Egeter ee EE Ee 169 
Grand total 0 cidos it hn a e ipiis dei 30,637 32,826 


Table 12.—Sulfur and sulfuric acid sold or used in the United States, by end use 


(Thousand metric tons, sulfur content) 


Elemental Sulfuric acid 
(sulfur equiva- Total 
SIC End use sulfur’ lent 
1982 1983 1982 1983  . 1982 1983 
102 Copper ores ooo — At 254 175 254 175 
1094 Uranium and vanadium ores ______—_ a nae 121 82 121 82 
10 Other ores__---o-oo ooo. s LI 52 45 52 45 
20 Food and kindred products- - -- -----—- W W S NN W W 
26, 261 Pulpmills and paper products __-_-._-_- 20 14 247 248 267 262 
28, 285, 286, Inorganic pigments, paints and allied prod- 64 115 176 125 240 240 
2816 ucts, industrial organic chemicals, other 
chemical products___________ ~~ | 
281 Other inorganic chemicals _ ________~— 80 250 253 316 333 566 
282, 2822 Synthetic rubber and other plastic materi- W 234 216 315 216 2349 
als and synthetics_____________-_ | 
2823 Cellulosic fibers including rayon _____-_ t (3) 86 96 86 96 
283 Drugs .———— ue IRE E e» 14 28 ‘44 28 
284 Soape and detergents -_-—---------- 45 23 97 104 142 127 
286 Industrial organic chemicals. -- -----— EE ES 328 367 328 367 
2873 Nitrogenous fertilizers _________-_--_ — ENS 15 52 15 52 
2874 Phosphatic fertilizers - - - - - -- ----—— -— Sen 6,415 7,113 6,415 7,113 
2879 Pesticides ee et ae ee 42 28 42 28 
281 Other agricultural chemicals . .. —— 376 563 73 60 449 623 
2892 Explosives. 22. LL Lc cL Es E 15 20 15 20 
2899 Water-treating compounds. ______--- Saz E 145 130 145 130 
28 Other chemical products ~ - - -- - ----- GS hes 73 67 73 67 
29, 291 Petroleum refining and other petroleum 180 142 755 677 935 819 
and coal products ____________-~~- 
295 Paving and roofing materials |... W EE Se E W iios 
30 Rubber and miscellaneous plastic products W W 6 31 6 31 
331 Steel pickling. - - - - -----------——- S id 86 94 86 94 
333 Nonferrous metals___________-_-._-.-- SCH -— 16 11 16 11 
33 Other primary metals_ __________.__ ae dots 5 6 5 6 
3691 Storage batteries (acid) - - - - - ------—- me aie 53 58 53 58 
Exported sulfuric acid. _________._-_- — E 18 55 78 55 
Total identified |... -------- 765 1,141 9,681 10,303 10,446 11,444 
Unidentified: ~- --—-------------- 677 801 334 427 1,011 1,228 
Grand total ` .........- 1,442 1,942 10,015 10,730 11,457 12,672 


W Withheld to avoid disclosing company proprietary data; included with “Unidentified.” 
1Does not include elemental sulfur used for production of sulfuric acid. 

2Includes elemental sulfur used in cellulosic fibers in 1983. | 

“Included with “Synthetic rubber and other plastic materials and synthetics.” 
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Shipments of 100% sulfuric acid increas- 
ed 7%. Shipments of sulfuric acid for phos- 
phatic fertilizer production, the largest end 
use, increased 11%. Shipments of sulfuric 
acid for petroleum refining and other petro- 
leum and coal products, the second largest 
end use, declined 10%. Usage of sulfuric 
acid for copper ore leaching decreased 31%. 

According to the 1983 canvass reports, 
company receipts of spent sulfuric acid for 
reclaiming totaled 2.4 million tons. The 
largest source of spent acid, from petroleum 
refining and coal products, accounted for 
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65% of the total returned. The petroleum 
refining industry was a net user of about 
500,000 tons of sulfuric acid. About 750,000 
tons of spent acid was reclaimed from plas- 
tic and synthetic materials operations. The 
remaining reclaimed acid was returned 
from manufacturers of phosphatic fertiliz- 
ers, soap and detergents, explosives, steel, 
industrial organic chemicals, other agricul- 
tural chemicals, storage batteries, other 
chemical products, and some unidentified 


sources. 
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Figure 3.—Trends in the consumption of sulfur in the United States. 
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Figure 4.—Sulfur-sulfuric acid supply and end-use relationship in 1983. 


STOCKS 


- Inventories of Frasch sulfur were reduced compared with a 6-month supply in 1982, 
by 23%. Combined yearend stocks amount- based on domestic and export demands for 
ed to approximately a 4-month supply, Frasch and recovered elemental sulfur. 


Table 13.—Y earend sulfur stocks of U.S. 


producers 
(Thousand metric tons) 
Year Frasch Recovered Total 
1819. - 0t enu: 4,058 181 4,239 
1980__________ 2,954 140 3,094 
1981.32 <= —— 3,442 192 3,634 
LEE 3,964 238 4,202 
1983 e 6 emus 3,065 153 3,218 
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PRICES 


In April, the posted price for liquid sulfur 
ex-terminal Tampa, FL, was reduced from 
$132.90 to $130.41 per metric ton and re- 
mained unchanged thereafter. Price dis- 
counting from the posted price was wide- 
spread from April through yearend. 

On the basis of total shipments and value 
reported to the Bureau of Mines, the aver- 
age value of shipments of Frasch sulfur, 
f.o.b. mine, for domestic consumption and 
exports combined decreased 10%. The aver- 


East and South. Although reported values 
for recovered elemental sulfur were gener- 
ally lower throughout the Nation, the dis- 
proportionately low value for Wyoming dis- 
torts the average value calculation for all 
recovered elemental shipments in 1983. 


Table 14.—Reported sales values of 
shipments of sulfur, f.o.b. mine or plant 


(Dollars per metric ton) 


age value, f.o.b. plant, for shipments of Year Frasch Recovered Average 
recovered elemental sulfur varied widely by A me mm mm 
geographic region: lowest in the Rocky 1980. |  . 91.36 74.13 89.06 

i 1981 ____________ 121.11 97.97 111.48 
Mountain States and on the west coast, EE EC x du 
somewhat higher in the midcontinent, and 1983 2277 108.28 16.99 90.62 
near the values for Frasch sulfur in the 

FOREIGN TRADE 


Exports of elemental sulfur from the 
United States, including the Virgin Islands, 
increased 3% in quantity but decreased 
11% in value. For the first time, elemental 
sulfur exports from the west coast exceeded 
300,000 tons and represented 31.5% of all 
elemental sulfur exports. 

The United States continued to be a net 
importer of sulfur. Frasch sulfur from Mexi- 


co and recovered elemental sulfur from 
Canada continued to supply nearly all U.S. 
sulfur import requirements. Total imports 
of elemental sulfur declined 11% in quanti- 
ty and 22% in value. 

The United States also had significant 
international trade in sulfuric acid. Canada, 
Japan, and Mexico were the United States' 
most important sulfuric acid trade partners. 


Table 15.—U.S. exports! of elemental sulfur, by country 
(Thousand metric tons and thousand dollars) 


1982 1983 
Country 
Quantity Value Quantity Value 
A A A A A 21 2,263 Ec 
Argentina col es ap a a Mei ue cete T AL 8 1,235 334 
UL(CUD-———————————P € a OE 1 434 (2) 339 
Belgium-Luxembourg o 375 52,760 337 44,072 
A AAA AA A e 80 10,646 99 11,810 
¡AN AAA A A A 11 1,229 a 
Canada. sti en EE EL aa T 493 6 380 
Chile PE ———— 2 606 (2) 84 
SE 42 4,640 69 7,544 
Germany, Federal Republic of - - —------------------—----—-— 2 084 2 1,319 
Greece A A I cu e LE CL Ei 29 3,621 (2) 2 
EA AA 71 6,098 46 3,707 
A EE 39 4,702 44 3,974 
Mexico PA AAA A A A ee ee 51 2,819 43 2,339 
MOFOCCO. A A ane es es, Lem Pg 52 6,043 24 2,505 
NEE 2 ah a ce ao o E e ra Ma Mi. ef 5 415 
ROTI <= 22 a pae ed i Ss Lu o EE 50 7,336 31 3,819 
DONOR A iene ts An ie A Ee Se Se 29 2,272 
A A ee EM 5 433 
Taiwane nac teca E tud n di cem ciui OTe Te ee EIE. 1 323 80 7,041 
Wy oF: VF AAA A E (?) 8 469 
NERT EE 68 7,349 132 11,948 
OEM OY haf 8 ear Ee teh EE ee ees ah 14 2,169 JE V EA 
USSR ae GRAS te en DEDERE a 28 3,523 Sei SES 
United Kingdom: ar ee Se oe a st 1 74 16 1,388 
UF a a e EE 3 398 (2) 3 
(8 4,7: AAA A EE r5 71,791 18 3,104 
Toa KEE cem uet A ee EARS Sent aN 961 122,143 992 109,298 
"Revised. 
1Includes exports from the Virgin Islands. 
"Less than 1/2 unit. 


3Data may not add to totals shown because of independent rounding. 
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Table 16.—U.S. exports of sulfuric acid (100% H;SO,), by country 


1982 1983 
Country Quantity Value Quantity Value 
(metric (thou- (metric (thou- 
tons) sands) tons) sands) 
A NS th S A tes M atu TE AL E 68,297 $2,989 105,835 $5,270 
CoOlombI8- — ——— a ee a ee 1,366 110 772 199 - 
EN, EEN 142 42 2,218 98 
PROM GUESS E nt ee 1,672 7 721 23 
E MAA AA 1,954 159 122 9 
Korea, Republic of ` 290 224 1,422 188 
HCO — oo s uU hee cur A A Ee 116,787 5,024 25,077 950 
Netherlands ---—---------------------———-——— 187 37 6,407 173 
Netherlands Antilles ___________________ 9,059 667 15,184 1,017 
TEE A A AAN IAS 1,381 1,249 
Saudi Arabia________________________________ 1,317 144 1,239 691 
Venezuela EE 21,181 1,779 389 51 
MOE ae yas i ee n ci kc EE 112,986 T2 124 10,367 1,324 
kd" ME 236,619 13,366 171,002 10,089 
TRevised 
Table 17.—U.S. imports of elemental sulfur, by country 
(Thousand metric tons and thousand dollars) 
1982 1983 
Country - " 
Quantity Value? Quantity Value? 
RE TEE ld pai LE is St ee et 1,215 77,357 1,091 62,505 
Germany, Federal Republic of __ __________________--__--~-_ (?) 18 (?) 34 
ME EE 690 87,494 604 66,556 
Oa Sc ec rte ee Ee (?) 16 CH 15 
OA EE 1,905 164,885 1,695 129,110 
1Declared customs valuation. 
2Less than 1/2 unit. 
3Includes Taiwan and the United Kingdom in 1982 and France and Japan in 1983. 
Table 18.—U.S. imports of sulfuric acid (100% H;SO,), by country 
1982 1983 
Country Quantity Value! Quantity Value! 
(metric (thou- (metric (thou- 
tons) sands) tons) sands) 
(e H TEE 307,375 $8,722 300,342 $9,261 
Germany, Federal Republic of ____________________~ 10,918 492 35 21 
Jo eee A Oe ns teat 81,931 3,699 110,786 4,853 
Mero eeh OR AE ES ee ae 1,990 124 665 52 
Norway ea a ee ee Be ii A 19,692 1,254 13,967 494 
Perù- 2 A e r eR ie ee eet 6,130 229 m cane 
SGI) secl es Ss ee us ES 10,424 573 
Swedi a Ss ee T ee ee a ee ee 2 11 8,340 310 
United Kingdom iu uunc cs a Ee 91 87 900 152 
Other A a A ee r3 T44 8 19 
Total iac tu aa o O a Ere a Ee A 428,132 14,662 445,467 15,735 
"Revised. 
1Declared c.i.f. valuation. 
WORLD REVIEW 


World production of sulfur in all forms 
declined for the third consecutive year. 
World consumption of elemental sulfur ex- 
ceeded output; the United States and Saudi 
Arabia each shipped nearly 1 million tons 


from inventories, Canada shipped over 
800,000 tons from stocks, Mexico reduced 
stocks by about 350,000 tons, and the Feder- 
al Republic of Germany and Iraq both 
appeared to have reduced stocks by about 
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100,000 tons. About 200,000 tons was added 
to sulfur stocks at Lacq, France. 

Brazil.—Brazil attempted to increase re- 
liance on domestic sulfur sources to supply 
feedstock for sulfuric acid production. A 
300-ton-per-day Frasch process pilot plant 
began operation at Castanhal, Sergipe. Re- 
covered elemental sulfur capacity at petro- 
leum refineries was increased in October to 
192,000 tons per year when a 60,000-ton-per- 
year unit began operation at Beltim. Annu- 
al sulfuric acid capacity based on domestic 
pyrites was 425,000 tons. Smelter-based sul- 
furic acid capacity was increased dramati- 
cally after the 617,000-ton-per-year acid 
plant at the Camacari metallurgical com- 
plex near Salvador began operation in No- 
vember 1982. 

Canada.—Shipments of sulfur in all 
forms were about 7.2 million tons, 8% less 
than shipments in 1982. Recovered elemen- 
tal sulfur was produced at 52 sour natural 
gas processing plants and 14 petroleum 
refineries. Byproduct production from 
smelter gases increased 16% to approxi- 
mately 730,000 tons of contained sulfur. 

Canadian sulfur exports declined 8% to 
5.7 million tons. Sulfur exported through 
the Port of Vancouver, British Columbia, 
declined 5% to 4.6 million tons. 

In Alberta Province, sulfur production 
increased 175,000 tons to 5.48 million tons, 
of which 331,000 tons was from tar sands. 
Sulfur shipments from Alberta were 6.2 
million tons, with 4.4 million tons shipped 
to overseas markets, 1.09 million tons ex- 
ported to the United States, and 700,000 
tons shipped to domestic consumers. Alber- 
ta producers’ stocks were reduced from 
15.09 to 14.5 million tons during the year. 

Germany, Federal Republic of.—Re- 
covered elemental sulfur output from 
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natural gas decreased by approximately 
250,000 tons because of technical problems 
at the 2,100-ton-per-day processing plant at 
Grossenkneten. Recovered elemental sulfur 
output from West German oil refineries 
also decreased because of reduced refinery 
throughput. 

Iraq.—Production of sulfur from the 
Misraq Frasch operation continued at a 
reduced rate. After a hiatus of nearly 2 
years, caused by the ongoing war with 
neighboring Iran, Iraqi sulfur reappeared 
on the world market. Iraqi sulfur was trans- 
ported by rail and truck to ports in both 
Kuwait and Turkey for shipment to over- 
seas consumers. Because of the war, the 
quantity of sulfur consumed by domestic 
consumers, especially at the new large fer- 
tilizer complex at Al-Qain, was unknown. 

Mexico.—Frasch sulfur output declined 
for the fourth consecutive year; recovered 
elemental sulfur production from Petróleos 
Mexicanos operations was relatively stable. 
Shipments to domestic and export markets 
exceeded production by approximately 
350,000 tons, thereby reducing stocks to an 
extremely low level. 

Poland.—Sulfur exports from Poland in- 
creased to 4.03 million tons from 3.97 mil- 
lion tons in 1982. Exports to Western Eu- 
rope declined 12% to 1.04 million tons; 
exports to Eastern Europe declined slightly 
to 1.93 million tons, of which 863,000 tons 
was shipped to the Soviet Union. Morocco 
and Tunisia were supplied with a total of 
510,000 tons, and Brazil received 364,000 
tons. 

Saudi Arabia.—Sulfur exports of 1.71 mil- 
lion tons exceeded estimated production by 
1 million tons. Stocks at yearend were 
estimated to be 750,000 to 800,000 tons. 


844 MINERALS YEARBOOK, 1983 


Table 19.—Sulfur: World production (all forms), by country and source’ 
(Thousand metric tons) 


Country? and source? 1979 1980 1981 1982P 1983* 
Algeria: Byproduct, petroleum and natural gas -__-_____-_-.- 15 14 15 ` e10 10 
Argentina:* 
ative (from caliche) 22222222222 2222-2 T" SR 10 (4) SÉ 
Byproduct, all sources ___ _____________~_~_______ 20 NA NA BS BS? 
TOTAL: Ze 20 NA 10 (*) ies 
Australia: 
A E E E S 29 ($) ($) ($) ($) 
Byproduct: 
Metallurgy" e a e LE 140 140 7130 "130 130 
A AR 16 13 13 14 14 
Total Gi eee ae ee os F185 r153 143 144 144 
Austria: 
Byproduct: 
Metallurgy - ---------------------—-—---— 10 9 9 10 9 
Petroleum and natural gas_ - - - - -------------- 24 19 28 38 35 
GVDéUID. o o o IN LE 21 |. 2A 25 27 27 
Toll] cese a dl al TN 61 52 62 15 11 
Bahamas: Byproduct, petroleum? __—----------------- 5 5 5 5 5 
Bahrain: Byproduct, petroleum _____-_-_ Eegen 25 33 36 34 549 
Belgium: Byproduct, all sources®_______.__--------~--- 270 270 270 T250 250 
Bolivia: Native -______--_ EE |... 915 11 10 6 4 
Brazil: 
Bytes EEN 5 mm mn s 
|^ tee 
Byproduct: 
Metallurgy ---------------------------- S — 17 30 150 
Petroleum .— —— om a 92 131 102 100 110 
Toul EE 125 156 163 184 316 
Bulgaria:* 
A ee Se a eee A Se QE 315 300 F200 T200 200 
Byproduct, all sources ------------------------ 75 70 70 70 70 
AAA her tod A A 390 370 :270 T210 210 
Canada: 
MB ucc A A uie ELS SEL LC 12 12 10 9 5 
Byproduct 
Metallu/gy se et cA Lot LUE 667 903 783 627 730 
Natüral Fab: ar ee ea 5,935 5,899 5,599 5,226 5,390 
Petroleum" Seege tato ata a ea 200 160 160 160 170 
Tar sands E 213 286 247 259 330 
Ota DEE 7,027 1,260 6,799 6,281 6,625 
Chile: 
Native 
fined e sr se eL dua Ee 12 14 5 7 7 
From ecaliche.-—— ocn aia 65 14 110 98 100 
Byproduct, metallurgy - - - - - -- --------------—-—- 27 27 e28 32 32 
dr EE 104 115 143 137 139 
China? 
AAA A ADA 200 200 200 200 200 
a: AAA AA A ASA 1,500 1,700 1,800 1,800 2,100 
Byproduct, all sources --—-—--------------------- 300 300 300 300 300 
Toal A A LLLA 2,000 2,200 2,300 2,300 2,600 
Colombia: | 
Native a a is 16 26 26 e26 26 
Byproduct, petroleum _------------------------ 2 1 2 2 3 
TOA cit a ds EA ee 18 27 28 28 29 
Cuba: 
0 A eebe 12 22 14 e20 20 
Byproduct, Getroleunmf. - -- -------------------- o 8 8 8 8 8 
erte eeh — 20 30 T22 28 28 
See footnotes at end of table. | 
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Table 19.—Sulfur: World production (all forms), by country and source! —Continued 


(Thousand metric tons) 


Country? and source? 1979 1980 1981 1982P 
Cyprus:? AS 21 25 7 5 
Czechoslovakia:* 
10 A A E S TE e c ra 5 5 5 5 
rites ____-_ PA A A A At 60 60 60 60 
Byproduct, all sources ----------------------—- 10 10 10 10 
d Ke cel ac oui o a re a o ds 75 75 75 75 
Denmark: Byproduct, petroleum- ooo. 8 8 6 e6 
Ecuador:* 
Native so s neue Le uu Leu M E ID LLLA t da 5 5 4 5 
Byproduct: 
Naturalgas. -----------------——- CCP MENT 5 5 5 5 
Petroleum uu ds 5 5 5 5 
DER tee i pect eS pe EE 15 15 14 15 
Egypt: Byproduct, petroleum and natural gas -_______._._.- 3 3 2 2 
Finland: 
p A oe ct O 151 144 184 177 
Byproduct 
Metallurgy --------- ----------------- 263 247 234 270 
Petroleum? ee 80 30 30 T10 
Tola c ce uec Li edic ATE 444 | 421 448 r457 
France: 
Byproduct: 
Natural gas.) - - - - oe iia ide pass 1,940 1,840 1,701 1,668 
Petroleum- == an a 188 226 221 283 
Unspecified? -———---------------------—— 160 150 120 7110 
Total. o is Let s (ERE 2,288 2,216 2,042 2,061 
German Democratic Republic:* 
y Lud. E ui neu AS 10 10 10 ($) 
Byproduct, all sources ------------------------ 350 350 350 "360 
Total ee 360 360 360 360 
Germany, Federal Republic of: | 
PUR. n m e E sn doa E ME ice: 208 222 218 229 
Byproduct: 
Metallurgy?_-----------------------——— 450 450 400 “400 
Natural gas- - - --------------------————— 690 814 834 872 
Petroleum- o noc dia o necs eiiim oe 1213 220 r €190 220 
Unspecified -_—---—-----------------——_— 593 93 95 100 
Total tee DE 11,649 1,799 1,732 1,821 
Greece: 
VE 63 61 e60 e60 
Byproduct: 
Natural gas. 2 id CN 22 4 97 
Petroleum! --—-----------------—--——_—_ 3 4 7 8 
Total EE 66 65 r71 r165 
Hungary: 
A A E 3 3 
Byproduct, all sources _—_——--------------------— 9 9 *9 *9 
Total opos Led me Lh idi E edu et 12 12 12 12 
India: 
d RENE ER CHEER ee A eA 27 34 23 22 
Byproduct: 
Metallurgy? _____________________ ee 115 115 92 100 
Petroleum- 22222 2s s2 cc L Lac 4 5 4 13 
A a A AS 146 154 119 r135 
Indonesia? Native -—-—--—-------------------——- (19) (29) 1 1 


See footnotes at end of table. 
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Table 19.—Sulfur: World production (all forms), by country and source! —Continued 


(Thousand metric tons) 
Country? and source? 1979 1980 1981 1982P 1983* 
Iran:* 
Naves. rl Cue Du cL Li ui Rut a DCN 15 70 50 50 50 
Byproduct, petroleum and natural gas _____________ _ 200 150 6 10 15 
OCR toate le oe EE 275 220 56 60 65 
ag 
A 550 700 *200 7300 300 
Byproduct, petroleum and natural gas |... 40 40 40 40 40 
Total Ste cach ert foo uL cA ek 590 140 T240 "340 340 
Ireland: Pyrites liae ee mare gie ches e 13 11 11 11 11 
Israel: Byproduct, petroleum and natural gas |... 10 10 10 10 10 
Man 
ENEE Ee ÉL ML Sx 19 23 20 10 8 
a: uu ee es Se, ee ees 302 331 261 269 240 
Byproduct, all sources® !! = = s 250 250 ™230 7210 210 
Total nes ys oe a Lie EU 571 604 511 489 458 
Japan: 
PY UC oc oth ys a tre sa ee Se 300 311 293 276 300 
Byproduct 
Metallurgy ege Ze tota 1,350 1,300 1,236 1,268 1,270 
Petroleum- co a eh ee cL E 1,241 1,173 1,080 1,051 1,075 
Total EE 2,891 2,784 2,609 2,595 2,645 
Korea, North:* 
BE T 19 AA A A ee te, 255 250 225 200 200 
Byproduct, metallurgy - - - -- ------------------ "30 "30 730 ™30 30 
Ke EE T285 T280 T255 T230 230 
Korea, Republic of:* 
Byproduct: 
Metallurgy unen cement eae 54 54 54 54 54 
Petroleum... oci cur eee e 36 36 36 36 36 
a usc cd tel a a 90 90 90 90 90 
Kuwait: Byproduct, petroleum and natural gas? |... 100 120 r97 "141 145 
Libya: Byproduct, petroleum and natural gas? |... 20 22 16 20 20 
Mexico 
e educ A t us Mi el 1,773 1,700 1,652 1,391 1,104 
Byproduct 
Metallurgy® ___________________________ 100 115 100 100 100 
Petroleum and natural gas_ - - - ------------—--—- 252 402 426 425 429 
Total”. EE ee 2,125 2,217 2,178 1,916 1,633 
Morocco: Pyrites --------------------------——--—- 63 36 38 (*) x 
Namibia: Pyrites --- nao xem a Lut Ln: 4 4 8 58 — 581 
Netherlands:* 
Byproduct: 
Metallura === EE 88 90 90 7100 100 
Petroleum: 2 as ai o ide ei dd 70 52 55 r65 15 
MOURN 523 2 3 hd a Ee 158 142 145 1165 175 
Netherlands Antilles: Byproduct, petroleum* ____________ 91 91 90 90 90 
New Zealand: Byproduct, all eourcesf . 1 (10) (10) (19) (19) 
Norway: 
i^ aee "NETS 119 193 200 195 198 
Byproduct: | 
Metallurgy -= locum ee Lr de 40 40 40 40 40 
Petroleum. toi a LLL el 6 6 6 6 10 
Total «co ure tdo ae ata ted Eos el ii 165 239 1246 1241 248 
Pakistan: l 
EE 1 1 (19) 1 1 
Byproduct, all sources®. - - ____________----_---- 14 14 15 T19 20 
Total ui ir a ts as ds 15 15 15 20 21 


See footnotes at end of table. 


SULFUR 847 


Table 19.—Sulfur: World production (all forms), by country and source! —Continued 


(Thousand metric tons) 


Country? and source? 1979 1980 1981 1982P 1983* 
Peru 
Native- ts ee sati. EN ead ai ela ee (19) E Gas a E 
Byproduct,allsources?. 2 2 Lll 20 20 20 r58 65 
d 20 20 20 T58 65 
Philippines: 
Portis Th e cuore cieli a C E LN Tee 41 54 46 30 80 
Byproduct, metallurgy - _______________________ ae = a E 40 
ge MEET 41 54 46 30 120 
Poland:!? | 
EE 4,310 4,667 4,295 74,441 4,400 
A A A AO 520 518 478 7494 490 
Byproduct: 
Metallurgy uim lr ee ee So 310 300 300 300 300 
Petroleum... ohh NS Eege 35 30 30 30 30 
E EE MAI aa aat 20 20 20 20 20 
Total” ut ri a o it —— 5,195 5,535 5,123 5,285 5,240 
Portugal: 
ps AR RA 151 155 135 116 110 
Byproduct, all sources ________________________ 1 2 2 2 5 
d Ke EE 152 157 137 118 115 
Romania: 
ESTILOS: == de EE. 400 1350 "300 T200 200 
Byproduct, all sources - ----------------—----—-— 130 140 150 150 150 
Toal EE 530 "490 "450 "350 350 
Saudi Arabia:* 
Native od o e it cate 1 1 NA A PERE 
Byproduct, petroleum and natural gas |... 125 460 600 r900 800 
KE 126 461 600 ™900 800 
Singapore: Byproduct, petroleum*_______________ 20 20 10 10 10 
South Africa, Republic of: 
| 02317. AAA A A IA MEA 243 493 502 465 5474 
Byproduct:* 
VEITH 100 100 100 1135 5125 
Petroleum usc ye du tcc LE 25 25 27 125 32 
AAA A E 368 618 629 625 631 
Spain: E 
A AAA A 1,091 1,096 1,118 1,029 1,000 
Byproduct: 
Coal (lignite) gasification® ___________________ 3 3 3 3 3 
Metallurgy a St Se ee ets 120 125 135 “125 120 
Petroleum a eh eee en eee ce! 10 12 12 “10 8 
Total eh tdo les EE 1,224 1,236 1,268 71,167 1,131 
Sweden: 
woo ep DUST 282 7202 204 206 208 
Byproduct: | 
Metallurgy? ------------------------—_ 130 130 130 130 130 
LB EE 36 37 38 40 40 
O ee ee eeu eM. Se 448 ™369 372 376 378 
Switzerland: Byproduct, petroleum _________________ _ 3 3 3 3 3 
Syria: Byproduct, petroleum and natural gas |... _ T4 5 6 22 30 
Taiwan: 
PTE a eo Leder (19) GE) (19) (4) —_ 
Byproduct, all sources _____§__________________- 9 8 10 e20 27 
QUA A E 9 8 10 “20 27 
Trinidad and Tobago: Byproduct, petroleum - -- --------—- 77 57 44 delt 20 


See footnotes at end of table. 
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Table 19.—Sulfur: World production (all forms), by country and source’ —Continued 


(Thousand metric tons) 
Country? and source? 1979 
Turkey: 
Native- io ocn re eer E EA E T21 
17 NETTE mU T16 
Byproduct, all eourcesf. _____________-________ 70 
Tobi C coc e 7107 
U.S.S.R.:* 
Frasch m emet eua er E LE e res i 800 
D Lon PO 1,900 
MB conu AS ULL A M 3,500 
Byproduct 
Coal = eta ee 40 
Metallurgy ee 1,700 
. Natural gas- -------------------- a 1,100 
Petroleum - - --------------- EE 200 
Total oe oe —————— ee 9,240 
United Kingdom: 
Byproduct: 
Metallurgy? --------------------------- 556 
Of petroleum refinery- 2222222222. 53 
Spent oxides `... 4 
Total Leen EE 118 
United States: 
Deere — ————— eee Bees 6,857 
EE EE 400 
Byproduct: 
Metallurgy e is eee ee eee dee 1,167 
Natural gas- ee ege 1,760 
Petroleum. o.c sas ue 2,310 
Unenecified sco ee eeu ae recu eee ase 107 
TOUR] Stein A A a Lii 12,101 
Uruguay: Byproduct, petroleum? ____________-_----_- 
Venezuela: Byproduct, petroleum and natural gas? ________ 585 
Yugoslavia: 
DEER 190 
Byproduct:* 
Metallurgy -- - ----------------------——- 200 
Petroleüm os a oe eS 5 
Total cc ee ee ee 395 
Zaire: Byproduct, metallurgy? ____________________ _ 125 
Zambia: 
MOS A oe pen fee ese eet A ee EE 1 
Byproduct, all sources ——-—--------------------- 74 
ME T 75 
Zimbabwe:* 
A e a ELLE RM M EE 28 
Byproduct, all sources ----------------------—- 5 
TOTAL EE 33 
Grand total- ==“ et ee x ee 153,227 


See footnotes at end of table. 


1980 


34 
"54,920 


1981 


1982P 


50,776 


1983* 


31 


5 


5124 


e 383 lla 


SS 


9,590 
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Table 19.—Sulfur: World production (all forms), by country and source’ —Continued 
(Thousand metric tons) 


Country? and source? 1979 1980 1981 1982P 1983* 
Grand total—Continued 
Of which: 

Früsch — ————À—cea EIE LLLI 13,790 14,257 13,295 11,142 9,807 
Native- uoo eene decise s Co 12,855 T2 971 2,947 2,832 2,728 
Pyrite A A T9888 10,292 10,205 9,892 9,946 

Byproduct: 
and coal gasification |... 43 43 43 43 43 
Metallurgy 2-222-222-2222 r7 142 r7 253 7,142 6,784 7,036 
Natural gas -—------------------—- 11,430 11,515 11,364 11,128 11,574 
Petroleum _——--------------------- "4,983 74,957 4,151 4,939 5,088 
Petroleum and natural gas, undifferentiated . - 878 1,8330 1,331 1,703 1,623 
apent OXide8 AA d 4 4 4 4 
BFSHDdB. n etos EE 213 286 247 259 330 
A eM EE 2,004 71,968 1,976 2,003 2,246 
2 BEE 47 44 45 47 47 


*Estimated. Preliminary. ‘Revised. NA Notavailable. W Withheld to avoid disclosing company proprietary 
data; included with “Byproduct: Unspecified.” 

1Table includes data available through May 23, 1984. 

*In addition to the countries listed, a number of nations may produce limited quantities of either elemental sulfur or 
compounds (chiefly HaS or SOg) as a byproduct of petroleum, natural gas, and/or metallurgical operations, but output, if 
any, is not E and no basis is available for the formulation of reliable estimates of output. Countries 
not listed in this table that may recover byproduct sulfur from oil refining include Albania, Bangladesh, Brunei, Burma, 
Costa Rica, Guatemala, Honduras, Jamaica, Malaysia, Nicaragua, Paraguay, and Yemen (Aden). Albania and Burma 
may also produce oyproduc sulfur from crude oil and natural gas extraction. No complete listing of other nations that 
may produce b uct sulfur from metallurgical operations (including processing of coal for metallurgical use) can be 
compiled, but the total of such output is considered as small. Nations listed in this table that may have production from 
sources other than those listed are identified by individual footnotes. 

The term “source” reflects both the means of collecting sulfur and the type of raw material. Sources listed include the 
following: (1) Frasch recovery; (2) native, comprising all production of elemental sulfur by traditional mining methods 
(thereby excluding Frasch); (8) pyrites (whether or not the sulfur is recovered in the elemental form or as acid); (4) 
uerge recovery, either as elemental sulfur or as sulfur compounds from coal gasification, metallurgical operations 
including associated coal processing, crude oil and natural gas extraction, petroleum refining, tar sand cleaning, and 
processing of spent oxide from stack-gas scrubbers; and (5) recovery from the processing of mined um. Recovery of 
sulfur in the form of sulfuric acid from artificial um produced as a byproduct of phosphatic fertilizer production is 
excluded because to include it would result in double counting. It should be noted that production of Frasch sulfur, other 
native sulfur, pyrites-derived sulfur, mined gypsum-derived sulfur, byproduct sulfur from extraction of crude oil and 
natural gas, and recovery from tar sands are all credited to the country of origin of the extracted raw material; in 
contrast, byproduct recovery from metallurgical operations, petroleum refineries, and spent oxides is credited to the 
nation where the recovery takes place, which in some instances is not the original source country of the crude product 
from which the sulfur is extracted. 

*Revised to zero. 

5 Reported figure. 

Exports; regarded as tantamount to production owing to minimal domestic consumption levels. 

7Byproduct pyrite and pyrrhotite from the processing of metallic sulfide ores. 

*In addition, may produce limited quantities of byproduct sulfur from oil refining. 

?Includes only the elemental sulfur equivalent of sulfuric acid produced as a byproduct from metallurgical furnaces; 
additional output may be included under ““Byproduct: Unspecified. 

10] ess than 1/2 unit. 

11Includes recovery from gypsum, if any. 

12Official Polish sources report total mined elemental sulfur output annually; this figure has been divided between 
Frasch and other native sulfur on the basis of information obtained from supplementary sources. Therefore, although 
both numbers are estimates, the total is not an estimate. 


TECHNOLOGY 


The Bureau of Mines developed a sulfur strength. However, conventional concrete 
concrete technology over the past several materials were attacked and in some cases 
years. Sulfur concrete materials were tested completely destroyed under the same con- 
under actual operating conditions in 50 ditions.? 
corrosive process environments at 40 com- .———————— 
mercial plants. After 4 years of testing, !Physical scientist, Division of Industrial Minerals. 
these materials essentially showed no evi- ?McBee, W. C., T. A. Sullivan, and B. W. Jong. Industrial 


. . Evaluation of Sulfur Concrete in Corrosive Environments. 
dence of material degradation or loss of BuMines RI 8786, 1983, 15 pp. 
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Talc and Pyrophyllite 


By Robert A. Clifton! 


Although the combined total domestic 
production of talc and pyrophyllite declined 
6% in 1983, sales increased 13% because of 
increased demand. Exports decreased 6%. 

Domestic Data Coverage.—Domestic pro- 
duction data for talc and pyrophyllite were 


developed by the Bureau of Mines from a 
voluntary survey of 33 known operating 
mines. All 33 mines responded, represent- 
ing 100% of U.S. production data shown in 
table 1. 


Table 1.—Salient talc and pyrophyllite statistics 
(Thousand short tons and thousand dollars) 


United States: 


Mine production, crude: 


Value: 


Value 


Apparent consumption 


World: Production 


“Estimated. Preliminary. "Revised. 


em wwe www ee mm a ee 


eee ia ea a es zm ` wee 


1979 1980 1981 1982 1983 
E 1,268 1,127 1,236 1,049 980 
E 185 113 107 87 87 
= 1,453 1,240 1,343 1,135 1,066 
__ $19,265 $18,600 “$21,600 $19,540 $18,998 
SS 998 837 1.016 1131 1.282 
__ 20,64 719,37 722,016 "20,671 20,280 
" 1,119 1,173 1,115 915 1,038 
SS 195 158 106 110 125 
m 1,314 1,331 1.221 1,025 1.163 
__ $80,529 $84,523 $95,354 $82,104 $104,139 
Ss 4,413 4,954 3,454 3.557 4.057 
__ 84942 88/7711 98808 85661 108,796 
Se 316 215 311 232 218 
-Z $15,210  $14963  $15095  $12957 $12,916 
si 22 21 3 3 44 
__ $2,829 $3,120 -* 395,834 "386264 $7,691 
WW 1.020 1077 927 820 989 
-. 1568 '8,06 7,965 7,539 €7,553 


1Data may not add to totals shown because of independent rounding. 


2Excludes powders—talcum (in package), face, and compact. 


3Does not include imported pyrophyllite. 


Legislation and Government Pro- 
grams.—The National Defense Stockpile in- 
ventory of talc, block or lump, was 1,081 
Short tons at yearend, far exceeding the 
goal of 28 tons. The inventory of ground 
talc, for which no goal had been established, 
remained at 1,809 tons. 


The allowable depletion rates established 
under the Tax Reform Act of 1969 remained 
at 22% for domestic and 14% for foreign 
block steatite. 

U.S. import duties on talc minerals from 
most favored nations were crude and un- 
ground, 0.02 cent per pound; ground, wash- 


851 


852 


ed, powdered, and/or pulverized, 4.2% ad 
valorem; cut, sawed, or in blanks, crayons, 
cubes, disks, or other forms, 0.1 cent per 
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pound; and other not specifically provided 
for, 4.8% ad valorem. 


DOMESTIC PRODUCTION 


Talc.—U.S. mine production of crude talc 
decreased about 7% in tonnage and 3% in 
value. Talc, including soapstone, was pro- 
duced at 26 mines in 11 States. California 
led all States in the number of producing 
mines with six. Montana, New York, Texas, 
and Vermont accounted for 90% of domes- 
tic talc production. Montana continued to 
lead all States in the value of talc produced. 

The Vermont Talc Co. changed its oper- 
ation from an underground mine to open 
pit.2 The company also opened a new open 
pit mine and completed engineering work 
on a new froth flotation plant. Cyprus 
Industrial Minerals Co. was evaluating a 
deposit on “lease land” technically owned 
by the city of Chester; Englehard Corp.’s 
Eastern Magnesia Talc Co., a large produc- 


er, permanently closed its mine in Novem- 
ber. | 

The seven largest domestic producers of 
talc, listed alphabetically, remained Cyprus 
Industrial Minerals, with mines in Califor- 
nia, Montana, and Texas; Eastern Magnesia 
Talc, in Vermont; Pfizer Inc., Minerals, 
Pigments & Metals Div., in California and 
Montana; Southern Clay Products Inc. and 
Texas Talc Co., in Texas; R. T. Vanderbilt 
Co. Inc., in New York; and Windsor Miner- 
als Inc., in Vermont. 

Pyrophyllite.—Pyrophyllite was produc- 
ed by four companies operating seven mines 
in North Carolina and California. Total 
production remained at about the same 
level as that of 1982. 


Table 2.— Crude talc and pyrophyllite 
produced in the United States, by State 


(Thousand short tons and thousand dollars) 


Texas (talc)_____-_ 
Other! (talc) _____ 


"Re 


1,135 


1982 1983 
an 

Value tity Value 
1,699 71 1,289 

141 14 101 

1,266 89 1,452 
3,024 250 3,933 
114,541 642 13,505 
720,611 1,066 20,280 


‘Includes Arkansas, Montana, New York, Oregon, 


Vermont, Virginia, and Washington. 


CONSUMPTION AND USES 


Apparent domestic consumption of crude 
and processed talc and pyrophyllite increas- 
ed 20%. Sales of talc and pyrophyllite in- 
creased 13% in tonnage and 27% in value. 

End-use listribution of ground talc was 
ceramics, 35%; paint, 18%; roofing, 11%; 
paper, 9%; plastics, 6%; cosmetics, 5%; 
rubber, 3%; insecticides, 1%; and the re- 
mainder went to a variety of miscellaneous 


uses. 

The largest portion, 32%, of domestically 
produced ground pyrophyllite was used in 
ceramics, 27% in refractories, 14% in insec- 


ticides, 8% in roofing, and the remainder in 


other uses. A significant fraction of import- 


ed pyrophyllite was ground for use in the 


ceramics industry. 


TALC AND PYROPHYLLITE 
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Table 3.—End uses for ground talc and pyrophyllite 


(Thousand short tons) 
1982 1983 
U i 
di Talc — PYrophyb Total Tale Pyrophyl- Total 
Ceramics —-------------—---——— 292 20 312 319 27 346 
Cosmetics! _____________________ 45 Be 45 50 MNT 50 
Insecticides _--_________________.__ 7 19 2 5 12 17 
Päint EE 170 1 171 166 1 167 
Paper- cs aude o ee de ri dee eg e 79 ees 79 81 EE 81 
E oun Enn E 54 1 55 57 1 58 
Refractories_-__ ooo ooo 2 22 24 2 23 25 
ROODHg A AA 94 10 104 98 7 105 
Rubber________________________ 21 1 22 28 Es 28 
Other? |... ooo 83 11 94 95 13 108 
Total ais aces cat ta o 847 85 932 901 84 985 


„Incomplete data. Some cosmetic talc known to be included with “Other.” 
2Includes art sculpture, asphalt filler and coatings, crayons, floor tile, foundry facings, rice polishing, stucco, and other 


uses not specified. 


PRICES 


Talc prices varied depending on the quali- 
ty and degree and method of processing. In 
general, prices remained steady except for 
minor increases and foreign exchange fluc- 
tuation. Prices, quoted by the Engineering 


American Paint & Coatings Journal, 
December 26, 1983, listed. the following 
prices per short ton for paint-grade talc in 
carload lots: 


NEP California: 
and Mining Journal, December 1983, per Bags, mill: T 
short ton of domestic ground talc, in carload Heini seit: ne. as d Sa WEE 
lots, Lob, mine or mill, including contain- Canada: Fine Micron, Hegman No.6 - _ 176.00 
ers, were as follows: cence ees grind, f.o.b. mill. ` _ 145. 
New Jersey: Ee 78.00 
% throug mesh . ..... : 
y Mineral pulp, bags extra... $18.50-$20.50 99.6% through 325 mesh = 2100 
ermont: i 325 See 
98% through 325 mesh, bulk — 10.00 TEE 
% i ; : í 
Dry p phate eg b Dad "T 141.00 Approximate equivalents, in dollars per 
Pä „Water beneficiated __------ 213.00-228.00 short ton, of price ranges quoted in Industri- 
96% through 200 mesh... 62.00- 70.00 al Minerals (London), December 1983, for 
98% to 99.25% through 325 mesh __ 78.00- 80.00 1 : ; 
100% through 325 mesh, steatite talc, c.i.f. main European ports, 
fluid-energy ground |... 160.00 ere as follows: 
California: 
Standard ooo 69.50 Australian, cosmetic (ex store) _____-_ $105-$180 
Fractionated______________ _ 37.00- 71.00 Norwegian: 
Micronized ________________ 62.00-104.00 Ground (ex store) ____________ 113- 120 
Cosmetic steatite |... 44.00- 65.00 Micronized (ex store) ________-_-_ 150- 210 
rgia: French, fine-ground_ __________._ 134- 191 
98% through 200 mesh_________ 40.00 Italian, cosmetic-grade__________-_ 248 
99% through 325 mesh_________ 50.00 Chinese, normal (ex store): 
100% through 325 mesh, UK 200 mesh_------------— 180- 183 
fluid-energy ground _________ 100.00 UK 300 mesh_ ` ....----- 188- 195 
FOREIGN TRADE 


Exports.—Talc exports decreased 6% 
while the average price of these exports 
increased 6% to $59 per ton. These prices 
varied from between $33 per ton for materi- 
al shipped to Mexico to about $500 per ton 
for material sent to several smaller coun- 
tries. 

Mexico remained the major importer of 
U.S. talc, accounting for 39% of the tonnage 
shipped, followed by Canada, 34%; Japan, 
7%; and Belgium-Luxembourg, less than 
1%. Canada, however, continued to lead in 


value of imports with 36% of the total 
compared with Mexico’s 22%. A total of 53 
countries were recipients of U.S. tale. 

Imports.—U.S. imports of talc increased 
63% because of increased crude from Aus- 
tralia and ground material from Canada. 
Australia became a new significant supplier 
to the United States. Imports from Canada 
increased by 71%. Canada, which supplied 
41% of total imports, remained the leading 
source of imported talc, followed by Austral- 
ia with 25%. 
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Table 4.—U.S. exports of talc! 
(Thousand short tons and thousand dollars) 


reci ct Canada? Japan Mexico Other Total 
Year A AH ——————— — ————— ——M————— 
Quan- Quan- Quan Quan Quan- Quan 
tity Value tity Value tity Value tity Value tity Value tity Value 
1979. ________ 18 1,048 60 4,485 19 1,145 164 3,539 55 4,998 316 15,210 
1980_________ 24 1,412 68 4,960 13 957 161 3,648 9 3,986 275 14,963 
LEE 17 1,364 79 4,632 9 500 164 4,256 42 4,843 311 15,095 
Loss 18 1,263 63 4,208 9 439 102 3,083 40 3,964 232 12,957 
1983... 1 55 74 4,629 16 1,077 86 2,805 4l 4,350 218 12,916 
!Excludes powders—talcum (in package), face, and compact. 
?Probably includes shipments in transit through Canadian ports. 
Table 5.—U.S. imports for consumption of talc, by country 
Ground, washed 
Crude and : i Cut and Talc, Total 
unground end. sawed n.s.p.f. unmanufactured 
Country AO Á O ————— — ————— 
Quantity Value Quantity Value Quantity Value Value Quantity Value 
(short (thou- (short (thou- (short (thou- (thou- (short (thou- 
tons) sands tons) sands) tons) sands) sands) tons) sands) 
1981... 2n 10,393 $1,254 15,154 $1,818 1,456 $1,490 $1,272 27,008 "$5,834 
1982: 
Australia ____ 37 4 3,653 314 E EH es 3,690 318 
Brazil ` z2 m 42 7 464 181 71 506 259 
. Canada ..... 22 5 10,374 1,508 131 187 9 10,527 71,709 
China ______ "S Sa T Set 195 165 393 195 558 
India ------ NA s 5 4 421 5 432 
Italy _______ 9,039 1,722 139 43 2 3 as 9,180 1,768 
Korea, Republic 
o[. o a2 n 1,426 312 164 94 T 1,590 406 
Other?______ 5 2 535 311 270 352 149 810 814 
Total ____ 9,103 1,734 16,169 2,495 1,231 986 1,049 26,503 16,264 
1983: 
Australia ____ 11,007 951 =e "M m -— Tu 11,007 951 
Brazil _____ _ 41 7 41 4 905 324 7 987 345 
Canada _____ 5 2 17,848 2,433 164 240 26 18,017 2,701 
China ______ = PEN 19 2 34 34 338 53 374 
India _______ 1 88 21 6 6 377 95 407 
Italy -______ 7,225 1,295 188 56 " "s 8 7,413 1,359 
Korea, Republic 
Of sn me s 2,000 426 116 51 2,116 483 
Other? ______ 2,643 13 1,517 670 146 192 196 4,306 1,071 
Total ____ 20,922 2,271 21,701 3,615 1,371 853 952 43,994 7,691 
"Revised. NA Not available. 
Includes 13 countries. 
“Includes 23 countries. 


WORLD REVIEW 


The United States remained the world’s 
largest talc producer, and Japan remained 
the largest pyrophyllite producer. Together 
they accounted for 35% of the world's talc 
and pyrophyllite production. 

A detailed discussion of the pyrophyllite 
industry in Australia and the Far East was 
reported in the literature.? Using primarily 
1981 data, the article examined each coun- 
try's share of the world's pyrophyllite pro- 
duction. Of the 1.8 million tons produced, 


Japan accounted for 57%, followed by the 
Republic of Korea, 25%; the United States, 
6%; Brazil, 5%; Canada and India, 3% each; 
and Australia, 1%. Argentina and the Re- 
public of South Africa accounted for less 
than 1% each. 

Australia.—4A description of the Pambula 
pyrophyllite mine of Steetley Industries 
Ltd., including location and geological set- 
ting, reserves, mining, processing, products, 
and pyrophyllite markets, was published.* 


TALC AND PYROPHYLLITE 


Canada.—Bakertalc Inc. enjoyed its best 
year ever in 1982, producing 15,000 tons.5 At 
that production rate, reserves were deter- 
mined to be adequate for 26 years. 

Japan.—A study was published of the 
Japanese pyrophyllite industry, including 
complex geology of deposits and processing 
methods used. A detailed summary of each 
company's markets was provided. Of partic- 
ular significance was the loss of large por- 
tions of the paper, rubber, and other mar- 
kets to imported kaolin and talc.* 

Korea, Republic of.—A report was pub- 
lished describing deposits of pyrophyllite in 
the Republic of Korea and its markets. The 
Republic of Korea, which ranked second in 
world production of pyrophyllite, continued 
to retain its centuries-old market in orna- 
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mental stone for carving and sculpture. 
Newer markets, such as raw material for 
refractories, had emerged during World 
War I and continued to consume the majori- 
ty of South Korean pyrophyllite. Chinaware 
and tiles were also major pyrophyllite 


consumers.’ 


1Physical scientist, Division of Industrial Minerals. 

?Bixby, P. H. Talc. Min. Eng., v. 35, No. 5, May 1983, pp. 
513-514. 

3Industrial Minerals (London) No. 194, Nov. 1983, 
pp. 21-36. 

*Nichol, D. Pyrophyllite Operations at Pambula, Aus- 
tralia. Ind. Miner. (London), No. 194, Nov. 1983, pp. 31-36. 

*The Northern Miner (Toronto) Bakertalc Has Record 
in Sales, Earnings. V. 69, No. 19, July 14, 1983, p. 3. 

SFujii, N. The Present Position of Japanese Pyrophyllite. 
Ind. iner. (London), No. 194, Nov. 1988, pp. Soch D S 

Sang, K. N. Pyrophyllite Clay Deposits in the Republic 
E Koa Ind. Miner. (London) No. las, Nov. 1983, pp. 30- 


Table 6.—Talc and pyrophyllite: World production, by country’ 


iTable includes data available through May 9, 1984. 


(Thousand short tons) 
Country? 1979 1980 1981 1982P 1983* 

Argentina (talc, steatite, pyrophyllite)_ -____.___-- 38 36 40 32 32 
Australia -———-------------------————- 174 188 100 r €103 103 
Austria (unground talc) -———------------—-- 128 129 128 129 128 
Brazil (talc and pyrophyllite?________________ 403 455 555 “423 550 
Canada (shipments)___________ io 100 96 98 €79 107 
China EES 165 1,010 990 990 990 
Finland clc ee a cy tls ene 295 339 358 330 
France (ground ole)... 333 332 341 305 305 
Germany, Federal Republic of (marketable) `. —— 17 17 17 17 17 
Hühpüry ocu ree um ocu a ee 19 19 19 19 19 
Et EEN 426 407 405 r €370 355 
Italy (talc and steatite) ____________________ 173 183 180 181 180 
AA AA 1,884 1,928 1,703 1,645 51,614 
Korea, North __-_______________________ 175 185 185 185 185 
Korea, Republic of (talc and pyrophyllite)_ ________ 858 793 622 652 660 
MEXICO: a a a s ee he 11 15 14 13 
Le Let RY EE 96 97 37 r e36 40 
Pakistan (pyrophyllite) LLL LLL 30 33 28 25 28 
Peru (talc and pyrophyllite) --_______________ ET T9 r €10 r €10 10 
ROMANIA’ oe oo ee LE ds 66 66 66 66 66 
South Africa, Republic off __________________ 17 16 17 15 58 
Spain (steatite).... __-__._-__________________ 78 82 16 69 70 
KEE 12 11 27 34 30 
Thailand (talc and pyrophyllite) _-_____________ 15 13 13 24 24 
EE eege 530 540 550 560 560 
United Kingdom- ooo 18 19 20 21 20 
United States (talc and pyrophyllite). . 1,453 1,240 1,843 1,135 51,066 
Other ias EROR ar OO EE NICE RES RD ERN 49 41 41 42 43 

al A ee ets 17 568 78,306 7,965 7,539 7,553 

*Estimated. Preliminary. "Revised. 


2In addition to the countries listed, Czechoslovakia produced talc, but available information was inadequate to make 


reliable estimates of output levels. 


“Total of beneficiated and salable direct shipping production of talc and pyrophyllite. 


“Includes talc, pyrophyllite, and pyrophyllite clay. 
SReported figure. 


®Includes talc and wonderstone. 


Se Ein ai represents the combined totals of Afghanistan, Botswana, Burma, Chile, Colombia, Egypt, Greece (steatite), 
epal, 


araguay, Philippines, Portugal, Sweden, 


ruguay, Zambia, and Zimbabwe. 
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Thorium 


By James B. Hedrick! 


Domestic mine production of monazite, 
the principal source of thorium, increased 
in 1988. Associated Minerals Ltd. Inc. was 
the only domestic monazite producer. Thori- 
um products used by the domestic industry 
during the year were imported or produced 
in the United States from either imported 
materials or from existing company and 
Government stocks. W. R. Grace & Co. and 
Rhóne-Poulenc Inc., a subsidiary of Rhóne- 
Poulenc S.A. of France, were the principal 
processors of thorium-containing ores and 
compounds in the United States. 

Major nonenergy end uses were in aero- 
space alloys, mantles for incandescent lan- 


terns, welding rods, and refractory applica- 
tions. The only energy use of thorium in the 
United States was in the high-temperature, 
gas-cooled nuclear reactor at Fort St. Vrain, 
CO. | 

Domestic Data Coverage.—Domestic 
mine production data for thorium are devel- 
oped by the Bureau of Mines from one 
voluntary survey of U.S. operations. This is 
the Rare Earths and Thorium survey. The 
one mine to which a survey request was 
sent responded, representing an estimated 
100% of total production. The production 
data are withheld to avoid disclosing compa- 
ny proprietary data. 


Table 1.—Salient U.S. thorium statistics 
(Metric tons of ThO;, unless otherwise specified) 


Exports: Ores, metals___§_§_________________ 
Imports: Metals, alloys, and compounds- _ _ _ _ _ — E 
Shipments from Government stockpile excesses _ _ _ _ _ 
Apparent consumption, nonenergy applications? ! _ _ _ 
Prices, yearend, dollars per kilogram, ThO2: 
Nitrate, mantle-grade __________________ 
Oxide, 99%, grade __________________ 


“Estimated. 
350 to 550 tons of t 


1979 1980 1981 1982 1983 
6 2 6 4 4 
27 24 33 23 46 
9 3 3 UN E 
30 25 30 19 42 
$7.06 $8.40 $9.50 $10.60 $10.60 
$15.45 $16.00 $21.20 $24.50 $31.00 


orium oxide has been imported annually but has not recently been used to produce thorium products. 


! All domestically consumed thorium was derived from imported metals, alloys, and compounds; monazite containing 
4 


Legislation and Government Pro- 
grams.—Government stocks of thorium ni- 
trate in the National Defense Stockpile 
were 3,234,936 kilograms, (equivalent to 


1,547,043 kilograms of thorium oxide), com- 
pared with the stockpile goal of 272,155 
kilograms (equivalent to 130,153 kilograms 
of thorium oxide). 


DOMESTIC PRODUCTION 


Monazite was produced as a byproduct of 
minerals sands mining for titanium and 
zirconium minerals at Green Cove Springs, 
FL, by Associated Minerals, a subsidiary of 
the Australian-owned firm Associated Min- 
erals Consolidated Ltd. Associated Minerals 
was the only minerals sands operation in 


the United States to produce monazite dur- 
ing the year. 

W. R. Grace's Davison Chemical Div. and 
Rhóne-Poulenc were the only domestic proc- 
essors of monazite or intermediate concen- 
trates of monazite. Other firms processed 
imported and domestic finished com- 


857 


858 


pounds, metals, and alloys. 

W. R. Grace processed monazite at its 
Chattanooga, TN, facilities to produce rare- 
earth catalysts and compounds. Although 
thorium was extracted from monazite, no 
thorium compounds were produced for sale. 
W. R. Grace’s stored thorium residues con- 
tained a revised 3,200 metric tons? of thori- 
um oxide equivalent at yearend. 

Rhóne-Poulenc separated rare earth- 
thorium hydroxides at its Freeport, TX, 
plant to produce rare-earth products. Thori- 
um nitrate was produced as a byproduct. 

Marathon Gold Corp. announced that it 
would recover monazite as a byproduct of 
its placer gold mining operations near 
Craig, CO, starting in 1985. The minerals 
sands reportedly contain from 7.5 to 20 
kilograms of heavy minerals per ton, of 
which 5% to 21% is monazite. Marathon 
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was reportedly negotiating with domestic 
rare-earth and thorium processors interest- 
ed in purchasing its monazite concentrates. 

Williams Strategic Metals Inc. (WSM), a 
subsidiary of Williams Resources Inc., 
announced plans to recover rare-earth and 
thorium-bearing apatite from 16 million 
tons of iron ore tailings near Mineville, NY. 
The Mineville Mine and facilities were 
purchased from Republic Steel Corp., which 
operated the iron mine until 1971. WSM 
reportedly expects to begin processing in 
1985 at a rate of 90,000 tons of iron ore 
tailings per year. It was estimated that the 
company could produce 12 tons of byproduct 
thorium annually if there were sufficient 
demand. WSM would produce magnetite 
and yttrium, including rare earths, as co- 
products and phosphoric acid as a byprod- 
uct. 


Table 2.—Companies with thorium processing and fabricating capacity 


Company 


Atomergic Chemetals Corp, 


Bettis Atomic Power Laboratory ____._. ___.__.__- 


CeracInc ` . — 
Ceradyne Inc 


Chicago Magnesium Casting Corp. 
Coleman Co. Inc _ _ _ . 


Consolidated Aluminum Corp 


Controlled Castings Corp 
General Atomic Co 
W. R. Grace € Co 


GTE Sylvania 


Hitchcock Industries Inc 


Phillips Elmet 


Rhone-Poulenc Inc _ ._______________________ 


Teledyne Cast Products _______.______________ 
Teledyne Wah Chang. ____________ .-________~_ 
Union Carbide Corp., Nuclear Div 


Wellman Dynamics Corp 


Operations 


Plant location and products 


Plainview, NY ._.___._ 


West Mifflin, PA... _. 


Produces oxide, 
fluoride, metal. 
Nuclear fuels, 


Government 
research and 
| development. 

Milwaukee, Wl. . .... Produces ceramics. 

Santa Ana,CA_____.. Produces advanced 
technical ceramics. 

Blue Island, IL __ _ _ _ _ Magnesium-thorium 
alloys. 

Wichita, KS ___.. .. Produces thoriated 
mantles. 

Madison, IL... _ . Magnesium-thorium 
alloys. 

Plainview, NY |. . | . Do. 

San Diego, CA |... .... _. Nuclear fuels. 


Chattanooga, TN Produces thorium- 
containing residues 
from monazite. 

Produces thoriated 
welding rods. 

Malus Am Enortum 
alloys. 

Produces compounds 
and metals; manages 
DOE thorium stoc 

Produces thorium- 
containing lighting 
and metallic 
thorium. 

Produces thoriated 
welding rods. 

Produces thorium 

nitrate from an 

intermediate 
compound of 
monazite. 

esium-thorium 
alloys. 

Produces thoriated 
welding rods. 

Nuclear fuels, 

test quantities. 

esium-thorium 
alloys. 


Towanda, PA. |.  ... . 
South Bloomington, MN 
Cincinnati, OH____._ _._ _ 


Bloomfield, NJ_______. 


"rr M 
Huntsville, AL________ 
Oak Ridge, TN ________ 
Creston, lA |... | M 


Pomona, CA 
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CONSUMPTION AND USES 


Domestic thorium processors consumed 
an estimated 47 tons of thorium oxide 
equivalent in 1983 in energy and nonenergy 
uses. 

The distribution of nonenergy uses for 
thorium was estimated as follows: refracto- 
ry applications and associated research, 
51%; aerospace alloys, 10%; lamp mantles, 
18%; welding rods, 4%; and other applica- 
tions and research, 11%. 

Thorium used in metallurgical applica- 
tions was primarily alloyed with magne- 
sium. The addition of thorium to magne- 
slum imparts high strength and excellent 
creep resistance at elevated temperatures, 
properties that are useful in aircraft and 
aerospace applications. Small quantities 
were used in dispersion-hardened alloys for 
high-strength, high-temperature applica- 
tions. o 

Thorium oxide (thoria) has the highest 
melting point of all the oxides, 3,300* C, and 
is used in several refractory applications, 
including high-technology ceramics, invest- 


ment molds, crucibles, and experimental 
stage core-retention beds for nuclear reac- 
tors. 

Mantles for incandescent "camping" lan- 
terns are coated with thorium nitrate. The 
nitrate is converted to an oxide when 
burned and produces an intense white light 
when heated in a gas flame. 

Thorium nitrate was also used to produce 
thoriated tungsien welding electrodes. The 
addition of thorium improves the flow of 
electrons through the welding rod. 

Other nonenergy uses for thorium were 
in electron tubes, special-use lighting, cata- 
lysts, and high-refractive glass. 

An energy-related use for thorium is as 
a nuclear fuel using the thorium-232/ura- 
nium-233 fuel cycle. In the reactor process, 
fission of uranium-233 releases neutrons 
that are absorbed by thorium-232 creating 
additional uranium-233. If more uranium- 
233 exists after operation of the reactor 
than was initially loaded, the reactor has 
functioned as a breeder reactor. 


STOCKS 


The U.S. Department of Energy’s invento- 
ry at yearend contained 1,237,270 kilograms 


of thorium oxide equivalent contained in 


various forms. | 


PRICES 


The average declared value of imported 
monazite decreased significantly during 
1983 to $377 per ton, $49 per ton less than 
the 1982 value. The price of Australian 
monazite (concentrate minimum 55% rare- 
earth oxide including thoria, f.o.b.-f.i.d.),? as 
quoted in Metal Bulletin (London), in- 
creased from $A400 to $A440 (US$392 to 
US$432)* per ton at yearend 1982 to $A410 
to $A450 (US$369 to US$405) per ton at 
yearend 1983. Although the Australian 
yearend quoted price for monazite increas- 
ed, fluctuations in the foreign exchange 
rate caused the U.S. dollar price to de- 


crease. 

The yearend price for monazite based on 
a thorium oxide content of 7% was approx- 
imately $5.27 to $5.78 per kilogram of thori- 
um oxide contained. | 

Rhóne-Poulenc quoted thorium product 
prices, per kilogram, net 30 days, f.o.b. New 
Brunswick, NJ, or duty paid at point of 
entry, effective January 1, 1983, as follows: 
thorium oxide—99% purity, $31; 99.99% 
purity, $51. Thorium nitrate at 99.5% puri- © 
ty (mantle-grade) was quoted at $10.60 per 
kilogram of thorium oxide equivalent. 


FOREIGN TRADE 


For the fourth consecutive year, France 
was the destination of all of the domestic 
exports of thorium ore, including monazite. 
It was believed that Rhéne-Poulenc’s rare- 


earth and thorium processing plant at La 
Rochelle, France, received the ore ship- 
ments. 
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WORLD REVIEW 


The principal source of the world’s thori- 
um is monazite, a rare-earth phosphate 
mineral. Monazite was recovered as a by- 
product of minerals sands mined for tita- 
nium and zirconium in many countries and 
as a byproduct of tin mining in Malaysia 
and Thailand. Monazite production quanti- 
ties fail to reflect world demand for thorium 
because monazite is processed almost en- 
tirely for its rare-earth content. As a result 
of the large demand for rare earths in 
relation to thorium, a large overcapacity 
exists for thorium. Large stocks of thorium- 
containing compounds and residues are lo- 
cated throughout the world. 

Australia.—Allied Eneabba Ltd. produc- 
ed 10,429 tons of monazite in 1983, an 
increase over the 5,693 tons produced in 
1982. During the year, Allied acquired the 
assets of its mining contractor, Astek Pty. 
Ltd., through its wholly owned subsidiary, 
Indoon Resources Pty. Ltd., to improve 
mine production and reduce costs. Addition- 
al improvements were a major equipment 
refurbishing program that has enabled the 
company to shorten its workweek from 7 to 
5 days, and the purchase of a single ma- 
chine that can mine and load raw sand 
directly to haulage units. 

Brazil.—According to Anuário Mineral 
Brasileiro 1983, measured reserves of mona- 
zite in Brazil were about 25,000 tons. The 
largest reserves, about 18,000 tons, are lo- 
cated in the São Joao de Barra region in the 
State of Rio de Janeiro. | 

China.—Exports of monazite from China 
increased to 11,520 tons valued at $719,000 
in 1982, compared with 1,000 tons valued at 
$75,000 in 1981. France received all of the 
reported monazite exports. Monazite was 
reportedly being produced in Jiangxi and 


Guangdong Provinces. Strict Chinese na- 
tional standards for radioactive materials 
has made the handling of monazite increas- 
ingly difficult. As a result, Chinese mona- 
zite is often converted to rare-earth chloride 
and the radioactive thorium is extracted.* 

France.—In 1983, Rhóne-Poulenc S.A. 
produced various thorium compounds from 
imported monazite, mainly for export 
worldwide, principally to the United States 
and the United Kingdom. Thorium oxide 
and nitrate were produced at its plant in La 
Rochelle, France. Thorium-bearing rare- 
earth hydroxide, an intermediate compound 
produced from monazite, was also shipped 
by Rhóne-Poulenc. 

India.—Monazite was produced by Indian 
Rare Earths Ltd. (IREL) and Kerala Miner- 
als and Metals Ltd. IREL produced about 
92% of the total? Construction work at 
IREL's new Orissa Sands Complex near 
Chatrapur, in the State of Orissa, was in an 
advanced stage, and the complex was sched- 
uled to begin production in the first half of 
1984. Annual monazite capacity at Orissa 
will reportedly be 4,000 tons, from which 
340 tons of thorium oxide could be produc- 
ed. Orissa's reserves reportedly contained 
an estimated 130,000 tons of thorium oxide. 

Sri Lanka.—Reserves at Pulmoddai, Cey- 
lon Mineral Sands Corp.'s center of oper- 
ation, were reported at 4 million tons grad- 
ing 0.3% monazite. Other deposits in Sri 
Lanka were located at Kaikawela, Polkotu- 
wa, Kudremela Point, and between Mullai- 
tivu and Nilaveli including Pulmoddai.* 

Thailand.—Monazite was produced en- 
tirely as a byproduct of tin mining. Produc- 
tion in 1983 came almost entirely from 
Ranong in the southern region. 


Table 4.—Monazite concentrate: World production, by country! 
(Metric tons) 


EE 
AAA A 


Thailand EE 
United States o ima o th 2- 
EH e A ENE E a ch c uu erc e de e E 


“Estimated. 
Table includes data available through Apr. 27, 1984. 


1979 1980 1981 1982? 1983* 
-— 16,340 14,079 13,251 9,433 14,500 
= 1,900 2,032 2,100 “1,768 2,000 
EN 3,204 3,395 3,704 4,000 4,000 
-- 942 347 320 “450 340 
ous 213 63 “60 304 300 
e 32 152 107 162 140 
- W W W W W 
oe 90 51 50 e50 50 
Kg 22,371 20,619 19,592 16,167 21,330 


PPreliminary. W Withheld to avoid disclosing company proprietary data; not included in “Total.” 


2In addition to the countries listed, China, Indonesia, Nigeria, the Republic of Korea, and North Korea may produce 
monazite, but output, if any, is not reported quantitatively, and available general information is inadequate for 


formulation of reliable estimates of output levels. 
3Data are for years beginning Apr. 1 of that stated. 
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TECHNOLOGY 


A report on the uranium and thorium 
resources of New Mexico was prepared by 
the New Mexico Bureau of Mines and Min- 
eral Resources as part of the National 
Uranium Resource Evaluation. The report 
lists more than 1,300 deposits.? 

A preliminary map of the thorium prov- 
inces in the conterminous United States 
was published by the U.S. Geological Sur- 
vey. The map gives the location, type of 
deposit, a preliminary estimate of resource 
potential, and status of geologic resource 
information and sources.!'^ 

Significant concentrations of heavy- 
mineral sands, including monazite, were 
reported in surficial U.S. Atlantic Continen- 
tal Shelf sediments. Comparisons of off- 
shore sediments from Virginia, South Caro- 
lina, and northeastern Florida indicated 
monazite enrichment was highest off the 
coast of Virginia, with an average grade of 
0.01%. 


1Physical scientist, Division of Nonferrous Metals. 


2All measurements are in metric units unless otherwise 
specified. 

3Free on board-free into container depot. 

*Values have been converted from Australian dollars 
($A) to U.S. dollars (US$) at the rate of $A1.019 = US$1.00 
based on yearend 1982 foreign exchange rates from the 
Wall Street Journal. 

*Values have been converted from Australian dollars 
($A) to U.S. dollars (US$) at the rate of $A1.1117 =US$1.00 
based on yearend 1983 foreign exchange rates from the 
Wall Street Journal. | 

SRoskill's Letter From China. China's Rare Earth Depos- 
its. No. 5, Spring 1982, p. 2. 

"Indian Rare Earths Ltd. 32d Annual Report 1981-82, 
p. 15. | 

8Industrial Minerals (Sri Lanka) Mineral Sands- 
Looking to Expansion. Oct. 1983, p. 63-64. 

McLemore, V. T. Uranium and Thorium Occurrences 
in New Mexico: Distribution, Geology, Production, and 
Resources, with Selected Bibliography. NM Bureau of 
Mines and Miner. Resour. Open File Rep., 1983, 950 pp. - 
Available from the NM Bureau of Mines and Miner. 
Resour., Socorro, NM (photocopy), and from the Dep. of 
Energy, Bendix Field Engineering Corp., Grand Junction, 
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Tin 


By James F. Carlin, Jr.: 


For the third consecutive year, the world 
tin supply exceeded demand, although 
world mine production declined and world 
consumption rose slightly during the year. 
The International Tin Council (ITC) contin- 
ued imposition of export controls on mem- 


ber producer countries. 

Domestic Data Coverage.—Domestic pro- 
duction data for tin were developed by the 
Bureau of Mines from a voluntary survey of 
U.S. mines. All three mines to which a 
survey request was sent responded. 


Table 1.—Salient tin statistics 
(Metric tons unless otherwise specified) 


1979 1980 1981 1982 1983 
United States: 
Production: 

EE W W W W W 
Seller s c ecce cL cL NU LIA 4,600 3,000 2,000 3,500 2,500 
Secondary__________________________ 21,493 18,638 15,438 114,293 14,822 

Lg EE 569 595 2,361 5,769 1,340 
Imports for consumption: 
Metal... 1 can eee Aa tu A c e Ue ii 48,355 45,982 45,874 27,939 34,048 
Ore (tin content) ____________________-_~_ 4,529 840 232 1,961 969 
Consumption: 
Primary EE 49,496 44,342 40,229 733,019 34,301 
SECOND te CIEL Ech 12,969 12,020 14,144 13,276 11,246 
Stocks, yearend U.S. industry- - - - -- ----------- 710,704 712,101 711,131 710,251 9,859 
Prices, average cents per pound: 
New York market _____________________ 111.45 113.44 648.40 586.85 601.28 
New York composite -----------------—- 153.89 846.00 133.05 653.91 654.78 
Londonez ee 100.93 761.99 649.53 580.50 589.19 
Penang: 22 22.223 2 ane A a Ute LU 672.33 145.56 631.85 581.29 590.78 
World production: 
jq eM —————Ó '— a ls T245,294 "247,300 253,118 P237,176 “211,620 
DINGO? Mee 1249,337  *249,236 247,832 P239,213 £222,035 
“Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 


!Exports (excluding reexports). 


Legislation and Government Pro- 
grams.—The General Services Administra- 
tion (GSA) continued its daily fixed-price tin 
sale program throughout 1983. A total of 
2,865 metric tons was sold in 1983. In 
response to continuing assertions that GSA 
stockpile sales were harming the economies 
of major tin producing countries, the U.S. 
Department of State, GSA, and the Associa- 
tion of Southeast Asian Nations signed a 


memorandum of understanding on Decem- 
ber 13, limiting GSA tin disposals to 6,000 
tons during the period January 1, 1983, 
through December 31, 1984. 

At yearend 1983, the National Defense 
Stockpile inventory was 190,623 tons; the 
stockpile goal was 42,674 tons. 

The depletion allowance for tin remained 
at 22% for domestic deposits and 14% for 
foreign deposits. 
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DOMESTIC PRODUCTION 


PRIMARY TIN 


Mine Production.—Only one mine, op- 
erating in Alaska, produced tin concen- 
trates. Domestic mine production data were 
withheld to avoid disclosing company pro- 
prietary data, but total output amounted to 
only a small fraction of domestic tin re- 
quirements. 

Smelter Production.—The sole domestic 
tin smelter, located in Texas City, TX, and 
owned by Gulf Chemical & Metallurgical 
Corp., a subsidiary of Associated Metals and 


Minerals Corp., decreased tin metal output 
to an estimated 2,500 tons. The smelter 
treated imported and domestic concen- 
trates, secondary tin-bearing materials, and 
its own stockpile of tin residues and slags. 


SECONDARY TIN 


The United States was believed to be the 
world’s largest producer of secondary tin. 
Secondary tin was an important source of 
material for the solder and the brass and 
bronze industries. | | 


Table 2.—Secondary tin recovered from scrap processed at detinning plants in the 


United States | 
1982 1988 

Tinplate scrap treated - - - -- - - ----------------------------- metric tons.. "464,560 486,548 
Tin recovered in the form of: 

SE do... 810 928 

Compounds (tin content) ------------------------------------- do... F447 182 

te ee do.. 71,257 1,110 

Weight of tin compounds produced - ~ . ._.._-..-.-------------------- do... 1,764 ,284 

Average quantity of tin recovered per metric ton of tinplate scrap pod E E kilograms.. .. 2.37 1.98 

Average delivered cost of tinplate scrap _ —- - —- —- - - - - - - - - =- - - - -~ 2222-2 per metric ton... T$56.16 $60.60 


‘Recovery from tinplate arap treated only. In addition, detinners recovered 242 metric tons (244 metric tons in 1982) of 


tin as metal and in compounds 


rom tin-base scrap and residues in 1983. 


Table 3.—Tin recovered from scrap processed in the United States, by form of recovery 


(Metric tons) 
Form of recovery 1982 1983 
Tin metal: 

At detinning plants edel ee A 1,054 1,170 

At other plants— is dd bie e a eL Er rue Ln DLP ers Ee 13 10 

VO NT TR e 1,967 1,180 
eee S Sieg ! 

o o n ene lub ree curet ue Le S Ee cU Md E EE 6,897 6,596 

From ins - and tin bale AAA A E 74 88 

q - scar III A AA 6,971 6,684 

Solder ou it a a o ds is a te ee ti 2,723 3,072 

metal AA IN ed 222 172 

DE AP A A E EES 237 185 

Antimonial lead WEE 1,015 803 

Chemical compounds ooo no 1447 182 

Miscellaneous! ooo 101 94 

TOL AA A A eee et 14,745 4,508 

Grand total 2. c eost a ts E icum c cM e 112,783 12,372 

Value (thousands): tte eee e ie 1$165,384 $164,002 


1Includes foil and terne metal. 
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Table 4.—U.S. stocks, receipts, and consumption of new and old scrap and tin recovered 
in 1983, by type of scrap and class of consumer 


(Metric tons) 
Gross weight of scrap 
of scrap and : ; 
Big of GE Stocks ^ pa ipis Consumption Stocks Tin recovered" 
Jan.1 New Old Total Dec.3l New Old Total 
Copper-base scrap: 
ndary smelters: 
Automobile radi- 
ators (unsweated)_ 2,505 60,935 59 59,837 59,896 3,544 2 2,573 2,575 
Brass, composition 
or red________ 2,970 87,881 8,449 29,259 37,708 2,643 285 1,056 1,341 
Brass, low (silicon 
ronze). ------ 163 1,545 594 764 1,358 350 zr re zt 
Brass, yellow. — — — — 4,081 44,509 12,178 32,731 44,909 3,681 2 188 190 
Bronze -__--.-.-.- ,092 15,879 2,373 14,063 16,436 1,535 186 1,106 1,292 
Low-grade scrap and 
residues |... 9,133 82,991 69,153 18,592 87,745 4,379 5 Ga 5 
Nickel silver . . ` — 650 2,816 198 2,686 2,834 632 2 28 25 
Railroad-car boxes — 68 714 Sa 674 674 108 Ge 32 32 
Total_______ 21,662 246,770 93,004 158,556 251,560 16,872 482 4,978 5,460 
Brass mills:! 
Brass, low (silicon 
ronze)_.._..-.-. 3,120 14,019 14,095 14,095 3,044 ae 5E Gg 
Brass, yellow. — — — — 18,416 277,006 279,226 279,226 16,196 Ee ae = 
ronze o. 882 4,251 3,955 aan 8,955 1,178 188 al 188 
Nickel silver _ _ ` ` — 4,182 20,209 19,968 Sé? 19,963 4,428 RN Ge Se 
Tote. _ 26,600 815,485 317,239 -. 817,239 24,846 188 So 188 
Foundries and other 
plants:? 
Automobile radi- 
ators (unsweated)_ 1,213 4,790 W 4,918 4,918 1,085 au 221 221 
Brass, composition 
or red. ----—-- 559 15,166 2,060 18,044 15,104 621 98 620 718 
Brass, low (silicon 
ronze)__ _ __ eT 69 1,227 848 392 1,240 56 S " Ee 
Brass, yellow_ _ _ _ — 200 5,161 1,418 3,393 4,811 550 4 16 20 
Bronze `. 826 586 277 281 558 854 21 22 43 
Low-grade scrap and 
residues ______ E Ecg zu Kaaf S PM Se? Ax NUN 
Nickel silver __ ` _ _ 22 116 W 115 115 23 PAM Re 
Railroad-car boxes _ 691 3,845 - 3,791 3,791 745 ES 180 180 
Total_______ 3,580 30,891 4,603 25,934 30,537 3,934 123 1,059 1,182 
Total tin from 
copper-base 
scrap . XX XX XX XX XX XX 793 6,037 6,830 
Lead-base scrap: 
Smelters, refiners, 
others: 
Babbitt |... 135 2,725 a 2,730 2,730 130 EN 146 146 
Battery lead plates _ 27,874 578,965 _. 564,428 564,428 42,411 1,288 1,288 
Drosses and residues 11,700 63,965 69,959 ae 69,959 5,706 2,025 " 2,025 
Solder and tinny | 
lead_________ 233 17,356 __ 16,592 16,592 997 _. 2,927 2,927 
Type metal______ 1,230 ,693 M ,332 5,332 591 e 251 251 
Total. 41,172 667,704 69,959 589,082 659,041 49,835 2,025 4,612 6,637 
Tin-base scrap: 
Smelters, refiners, 
others: 
Babbitt ________ 10 45 a 52 52 3 "E 44 44 
Block-tin pipe _ _ _ _ 5 ht z 74 74 9 —- 73 73 
Drosses and residues 17 439 444 oe 444 12 34 Ss 34 
Pewter ________ MAY l ER e AS 1 Se Ga EE 
Total ` 32 563 444 126 570 25 34 117 151 
e Vie and other scrap: | 
| tinning plants _ _ _ — — T _— 478,109 _. 478,109 ED 1,204 v 1,204 
Grand total _ _ _ XX XX XX XX XX XX 4,056 10,766 14,822 


“Estimated; tin recovered new and old from cop 


disclosing company proprietary data. XX Not applicable. 
1Brass-mill stocks include home scrap, and purchased-scrap consumption is assumed equal to receipts; therefore, lines 
and total in brass-mill section do not balance. 
2Omits "machine shop scrap.” 


r-base scrap, brass mills, and foundries. 


W Withheld to avoid 
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CONSUMPTION AND USES - 


Primary tin consumption rose slightly 
but was well below the level of 1979. Solder 
was the largest application of primary tin, 
with tinplate following closely. 

Tinplate continued to lose ground to alu- 
minum in the container market. Out of 92.4 
billion metal cans shipped, tinplated steel 
and tin-free steel accounted for 37% and 


aluminum accounted for 63%, compared 
with 89.3 billion metal cans shipped in 1982, 
when steel accounted for 41% and alumi- 
num for 59%.? 

Brass mills consumed 565 tons of primary 
tin and 300 tons of secondary tin, compared 
with 475 and 220 tons, respectively, in 1982. 


Table 5.—U.S. consumption of primary and secondary tin 


(Metric tons) 
1979 1980 1981 1982 1983 
Stocks, Jan. 1}___—-------------------------—_ 13,584 7,075 18,835 18,717 7,549 
Net receipts during year: 
Primary NAAA A EE 50,126 43,545 41,162 35,843 36,494 
A EIS LA 2,636 2,461 5,692 6,507 5,412 
SGPBD om de aane ubl EL ie uud AE EUN E 10,659 1,109 8,050 7,830 1,435 
Total receipts- - - -- --------------------—— 63,421 53,715 54,904 50,180 49,341 
Total available o - -----------------—--- 77,005 "60,790 "63,739 "58,897 56,890 
Tin consumed in manufactured products: 
Primary. estaca nr a ey LM 49,496 44,342 40,229 "33,019 34,301 
Secondary --------------------—----—---——-—- 12,969 12,020 14,144 13,276 11,246 
KE ARA A SIA A 62,465 56,362 54,373 "46,295 45,547 
Intercompany transactions in ecrap. — - - ----------—---—— 1,602 835 726 274 245 
Total processed. oo ooo 64,067 57,197 55,099 — 746,569 45,192 
Stocks, Dec. 31 (total available less total processed)... . 12,938 13,593 18640 12,328 11,098 


"Revised. 
!Includes tin in transit in the United States. 


Table 6.—Tin content of tinplate produced in the United States 


(Metric tons) 
Tinplate (all f 
Wee inplate (all forms) = 
(waste, strips, in per 
Year cobbles, Be Gross Tin metric ton 
gross weight) weight content? of plate 
(kilograms) 
A hee ee See ee eS I UE 360,852 4,236,578 17,929 4.2 
I9NÜ nol cilm utc lcu c LR LE 311,770 3,699,920 16,346 4.4 
LEE 284,505 3,288,662 13,306 4.0 
Y A EEEE, 208,074 2,712,678 710,936 4.0 
NOB RES 166,186 2,586,810 9,328 3.6 
"Revised 


1Includes small tonnage of secondary tin and tin acquired in chemicals. 
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1982 1983 
Product 
Primary Secondary Total Primary Secondary Total 
Alloys (miscellaneous) -—----------- W W W W W W 
Lt o Rr E a : 1,088 821 1,915 2,563 318 2,881 
Bar Ulis ooo a Pn eee 509 W 509 654 W 654 
Bronze and brass ______________~_ 1,466 2,934 4,400 1,395 3,188 4,583 
Chemicals... --------------—- W W W W W 
Collapsible tubes and foil... . 
Solder - tias 9,250 3,892 13,142 10,087 4,033 14,120 
Terne metal __________________ (1) (1) (1) (1) (1) (1) 
TIBBIBE EE 1,887 W 1,887 1,759 W 1,759 
Tinvlates ee te A 10,969 165 11,134 9,328 134 9,462 
Tin powder -----------------———- 906 W 906 793 W 193 
Type metal - -—--------------——- W W W W W W 
White metal?*______________ 1,054 123 - 1,177 856 81 937 
Other. o Ee A 5,890 5,335 11,225 6,866 3,492 10,358 
Total. EE 733,019 13,276 146,295 34,301 11,246 45,547 
"Revised. W Withheld to avoid disclosing company proprietary data; included with “Other.” 
Included with “Alloys (miscellaneous).” 
2Includes secondary pig tin and tin acquired in chemicals. 
3Includes pewter, britannia metal, and jewelers' metal. 
Table 8.—U.S. industry yearend tin stocks 
(Metric tons) 
1979 1980 1981 1982 1983 - 
Plant raw materials: 
Pig tin: 
Virgil! ao i up tt 9127 7,359 "6.857 6,269 6,326 
Secondary AAA A A i a eet 1181 1229 "411 T265 732 
In EE 71,167 71,241 1,449 71,015 682 
Total a eS e Uum eie a LL A 7,075 T8,835 8,717 7,549 7,740 
Additional pig tin: 
Jobbers-importers___________________________ 258 564 1,943 71,386 608 
Afloat to United States________________________ 3,371 2,702 471 71,316 1,511 
Total ci. a S OUR o al at cU EA 3,629 3,266 2,414 2,102 2,119 
Grand total ------------------------- "10,704 "12,101 711,131 "10,251 9,859 
"Revised. 


! Includes tin in transit in the United States. 
?Tin content, including scrap. In 1980-83, data represent scrap only. 


PRICES 


The price of tin metal showed unusual 
stability throughout 1983. The average tin 


price was almost identical to that for 1982. 
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Table 9.—Monthly composite price of Straits tin for delivery in New York 


(Cents per pound) 
1982 1983 
Month 
High Low Average High Low Average 
January AA A 786.82 770.16 775.90 633.16 618.40 624.43 
February. iia ta RE EAE 113.54 657.16 145.19 661.65 634.10 650.69 
Mirch uou Ere er 679.41 664.76 669.17 677.84 654.54 667.72 
A A A A EEEE 666.66 651.09 655.99 698.69 676.45 687.59 
"A A AAA 671.46 646.86 662.84 686.7 673.49 680.00 
JUNO as a a de os lees 640.85 565.61 608.25 677.72 658.85 667.07 
duly EE 627.97 595.19 612.55 671.20 648.68 659.68 
a a to RI 608 625.49 653.19 642.94 8 
September. uem munem RE ERE 664.08 620.99 639.04 653.22 638.05 645.10 
Polos uu ee e A eet 632.00 621.35 624.74 653.31 634.25 646.83 
November - -- ------------------—-—- 625.45 601.73 613.47 652.75 646.49 649.02 
December A 619.57 608.54 614.38 645.40 620.80 630.80 
Average . ocu eu dee Que d weed: XX XX 653.91 XX XX 654.78 
XX Not applicable. 
Source: Metals Week. 
FOREIGN TRADE 


Imports of tin concentrates in 1988 fell to and Brazil. 
one-half the level of the prior year and Imports of tin in all forms: (ore and 
remained well below the levels reached in concentrate, metal, and waste and scrap) 
1978. Thailand remained the major source remained free of U.S. duty. 
of tin metal, followed by Indonesia, Bolivia, 


Table 10.—U.S. imports for consumption and exports of miscellaneous tin, 
tin manufactures, and tin compounds ` 


Miscellaneous tin and manufactures ) Tin compounds 
Imports ) Exports Imports 
Tinfoil, , 
tin powder, n prisca 
flitters, D TOR and other 
Year metallics , Skimmings, tin-bearing 
nand. scrap, residues, material, . 
maniat: and tin alloys, n.s.p.f. except Quantity Value 
ege | tinplate (metric tons) (thousands) 
n.s.p.f. serap 
Value Quantity Value Value 
| (thousands) (metrictons) (thousands) (thousands) 
IOS] ios uti eL C s $8,666 2,583 $3,387 $16,357 170 $2,098 
¡A A e a 12,288 3,068 : ,566 321 2,661 
BOBS C cod LI e 10,728 1,193 1,219 ` 8,972 642 4,120 


Table 11.—U.S. exports and imports for consumption of tin, tinplate, and terneplate 
in various forms 


Ingots, pigs, and bars Tinplate and terneplate p 
Exports "Exports! . [mprt ` impots 
Year —À' e—a 
us a Value tty. Value SE Value ab: Value 
(metric pa (metric E inetre E (metris Aug 
tons) tons) Sen tons) 
198122 2,361 $31,053 "345,716 $220,993 "261,644 "$180,390 5,080 r$413 
NOG seis ada es 5,169 84,454 1217,840 118,870 1198,123 134,718 - 5,530 454 
1821755 AAA 1,340 17,305 171,121 83,827 266,548 168,413 2,144 - 188 
"Revised. 


1Tinplate circles, strips, and cobbles are included with exports of tinplate and terneplate. 
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Table 12.—U.S. imports for consumption of tin, by country 


1982 1983 
Country Quantity Value Quantity Value 
(metric tons) (thousands) (metric tons) (thousands) 
Concentrates (tin content): 

Y AAA ege a 192 $1,817 251 $2,812 
SIA A E E 187 845 Le M 
Paru lex cei ee e de 1,416 17,473 341 3,474 
REENERT Ss SE 101 887 
South A Africa, Republic of -- ----------------——- 144 1,183 270 2,376 
DN EE 22 226 "n mus 

Total. ul ata is ecce notae ius lE 1,961 21,544 969 9,549 

Metal:! 

TTT 03 con ucc eue ME 334 4,083 390 4,879 
Belgium-Luxembourg - — - - ---------------——- 10 119 45 . 592 
BOM ss a i ete ee et ES 4,340 54,388 5,739 73,798 
¡A AA 2,409 31,675 5,604 70,885 
AA A E E: Wie RU 56 154 
SCHT TEE 2 49 2 41 
Chile... uan e nece he vss ec dees, Ed tad 116 1,589 71 905 
China- cose e ios rr LEM a 2,632 35,495 1,938 23,617 
Germany, Federal Republic of _________________ (?) 14 181 2,335 
Hong Kong (isis a ee eee eee 5 75 ae en 
India ia Be ee eere eee 20 309 a Lc 
Indonesia _____________________________ 5,744 15,278 6,004 77,354 
Malaysia tee 2,364 30,981 4,704 62,396 
Mauritania. EE EN E 18 2 
Netherlands. luco crm un meme Eie eas 9 117 
gere EE 124 1,383 265 3,529 
el 600 7,848 1,029 13,701 
South A Africa, Republic of. 38 473 18 228 

“Tawan EH Ti ae 135 1,705 
Thailand o caza is 9,116 118,463 7,436 95,768 
Cie Kingdom `. 5 737 18 268 

EEN Sz Soe 10 126 
Zimbabwe EE 30 370 376 4,931 
Total dent oh os Dt et eS eS 27,939 363,329 34,048 3438,154 

Bars, blocks, pigs, or granulated. 

"Less than 1/2 unit. 

3Data do not add to total shown because of independent rounding. 

WORLD REVIEW 
International Tin Agreement (ITA).— showed positive results. 


The Sixth ITA, which commenced July 1, 
1982, continued in effect throughout 1983. 
The United States was not a member of the 
agreement. The ITC continued stringent tin 
export controls on member producer coun- 
tries as a method of reducing the world tin 
surplus. Controls on tin exports under the 
Sixth ITA started on July 1, 1982, at 36% of 
preexport control levels and continued into 
the second quarter of 1983. The export 
cutback rate was tightened further to 39.6% 
in the third quarter, and remained at that 
level through the remainder of 1983. Some 
sources estimated the world tin surplus at 
about 80,000 tons. 

Tin smuggling became a major factor in 
international trade and became the focus of 
ITC attention. Collaborative efforts by ma- 
jor tin producing members to eliminate 
illicit trade were increased and reportedly 


The ITC buffer stock manager continued 
with tin price support actions on the Lon- 
don Metal Exchange and on the Penang 
physical tin market in Malaysia during 
most of the year. The ITC retained the same 
buffer stock price floor and ceiling ranges 
that were in effect since October 17, 1981. 
The ITC buffer stock price range was as 
follows: 


Malaysian 
dollars 

per kilogram 

FIoOf Price e enn ecc 29.15 
Lower sector __________________ 29.15-32.06 
Middle sector__________________ 32.06-34.98 
Upper sector -__-____- ooo 34.98-37.89 
Ceiling price ----------------—- 37.89 


On August 16, 1983, an agreement estab- 
lishing the Association of Tin Producing 


870 


Countries (ATPC) came into force. The five 
charter members were Bolivia, Indonesia, 
Malaysia, Thailand, and Zaire. Nigeria join- 
ed later in the year. The stated objectives of 
the ATPC were to obtain fair returns for tin 
producers and adequate and stable supplies 
for tin consumers at reasonable prices, to 
facilitate cooperation in the marketing of 
tin, and to enhance the growth of tin usage. 
Members stated that they viewed the ATPC 
as complementing and supporting the activ- 
ities of the ITA. 

Argentina.—Sociedad Minera Pirquitas 
Picchetti y Cia. S.A. operated the only tin 
mine, the Pirquitas Mine. In operation since 
1936, located in the Jujuy Province, the 
underground mine produced both tin and 
silver. The ore grade was reportedly about 
1.3% tin. The firm also operated the only 
tin smelter, located in Buenos Aires. 

Australia.—Tasmania remained the 
source of about two-thirds of tin production, 
and the large Renison Ltd. underground tin 
mine in western Tasmania accounted for 
about 4096 of the total tin output. Of the 
reported 78 tin mines, only about a dozen 
had significant production. Some of the 
smaller mines closed down during the year, 
but all the larger mines continued operat- 
ing. About one-fourth of tin procuction was 
consumed domestically. 

Associated Tin Smelters Pty. Ltd., in 
Sydney, which was the larger of the two 
Australian smelters, utilized raw materials 
from producers in eastern Australia, in- 
cluding many of the small operators in 
Queensland and New South Wales. The 
other smelter was operated by Greenbushes 
Tin NL, in Western Australia, which mined 
its own tin deposit adjacent to the smelter 
site. 

Mungana Mines Ltd. entered a joint ven- 
ture with Amoco Minerals Co. (Australia) 
for exploration of the Harpers base metals 
prospect in Queensland; tin was reported to 
be only one of several metals sought there. 

- Tin production began at Pacific Copper 
Mines Ltd.'s Kangaroo Creek property near 
Cairns, Queensland, with an initial ore 
throughput of 2,000 tons per day. Reserves 
were reportedly 3.7 million tons, grading 
0.55 kilogram of tin per ton; property life 
was projected at 6 years. 

Otter Exploration Ltd. further explored 
its Windermere tin prospect in Queensland 
and reported finding a zone that averaged 
0.95% tin. 

A joint venture led by Metals Exploration 
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Ltd. reported near-surface tin minerali- 
zation in New South Wales, at the Midway 
3KEL prospect, of about 1.8 million tons of 
material grading 0.7% tin, in a strike 
length believed to be about 16 kilometers. 
Great Northern Mining Corp. Ltd. ac- 
quired the assets of Loloma Ltd. in the 
Herberton-Irvine Bank area of North 
Queensland. Both firms were tin producers. 
Renison Goldfields Consolidated Ltd. 
announced exploration prospects. at St. 
Dizier and at St. Helens, both in Tasmania. 
Bolivia.—With a work force of over 
26,000 people, the Corporación Minera de 
Bolivia (COMIBOL) was the country's larg- 
est tin producer. Bolivia remained a rela- 
tively high-cost tin producer, largely be- 
cause its mines were the hard-rock under- 


ground type and its tin deposits were of 


relatively low grade. Most of the concen- 
trates produced were beneficiated in mills 
adjoining the mines. COMIBOL began a 
rehabilitation study of its mine and milling 
equipment, with the assistance of two for- 
eign consulting firms. A significant propor- . 
tion of mine output was from medium-sized 
mines. There were also many small mines 
and a number of mining cooperatives. 

Smelting was mainly done by the state- 
owned Empresa Nacional de Fundiciones 
(ENAF). ENAF reportedly was short of its ` 
tin production targets because of labor diffi- 
culties, raw material shortages, and lack of 
foreign exchange revenue to purchase need- 
ed foreign equipment to keep the firm's 
facilities operating. 

Brazil.—Not a member of the ITA, the 
Brazilian Government encouraged the 
growth of its tin mining industry. Brazil 
announced plans to increase tin output by 
2090 and exports by 35% in 1984. The 
Government encouraged domestic tin 
smelters to export metal in order to bring in 
foreign exchange to help offset the coun- 
try's balance-of-payment problems and pro- 
hibited the export of tin concentrates. 

The three largest private tin mining 
companies—the Paranapanema S.A. Min- 
eracáo, Indüstria e Construcáo; Brascan 
Ltd.; and Mineracáo Brumadinho S.A.— 
announced plans to sharply igcrease out- 
put. 

Paranapanema, Brazil's major tin produc- 
er, announced the startup of its new mine in 
Pitinga in Amazonas State. The property 
was estimated to contain some 60,000 tons 
of tin ore. 

St. Joe Minerals Corp. neared completion 
of a feasibility study at its Mocambo tin 
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project, an alluvial deposit situated near 
Sao Felix in the Xingu River area of Para 
State. A small plant was set up to deter- 
mine the metallurgical characteristics of 
the deposit. If the deposit should prove to be 
an economical venture, production of about 
1,000 tons per year of tin by 1985 was 
considered possible. This was the first major 
investment in a metal mining venture by 
Mineracáo San Jose Ltd. St. Joe's mining 
subsidiary in Brazil. 

Brazil’s smelting capacity was rated at 
24,000 tons per year, and only about 5096 
was utilized. Industry sources identified at 
least nine smelters. The largest were the 
Mamore smelter and the Cesbra smelter, 
each in the 7,000- to 8,000-ton-per-year- 
capacity range. 

Canada.—Rio Algom Ltd. announced 
plans to develop a substantial open pit mine 
at its tin prospect in the East Kemptville 
area of Nova Scotia. Startup was planned 
for 1985. The operation was expected to 
produce about 4,500 tons per year of tin 
concentrates and to cost $150 million. The 
company announced minable ore resources 
of 56 million tons at 0.17% tin, and the 
property was expected to have a life of 17 
years. 

Indonesia.—In this important tin pro- 
ducing country, more than 60% of deposits 
were located offshore. P.T. Tambang Timah, 
the national mining organization, remained 
the dominant producer. 

P.T. Koba Tin ranked as the country’s 
second largest tin producer. Its low-cost 
mine on Banyka Island yielded a reported 
9,000 tons of tin production for the year. 
Koba was jointly owned by Kajaura Mining 
Corp. (Pty. Ltd., an Australian company, 
and by P.T. Tambang Timah. 

P.T. Broken Hill Proprietary Indonesia 
was offered for sale by its parent company 
in Australia. The firm operated the Kelapa 
Kampit Mine on Belitung Island. In the 
past, this was the only Indonesian tin mine 
to export its concentrates, usually to Malay- 
sia or the United Kingdom. 

Planning progressed for the new $96 mil- 
lon electrolytic tinning line to be built 
adjacent to the P.T. Krakatau Steel com- 
plex in Cilegon, West Java. The new facility 
was to be operated by a newly formed firm, 
P.T. Pelat Timah Nusantara, a joint ven- 
ture of P.T. Tambang Timah, P.T. Krakatau 
Steel, and P.T. Nusantara Ampera Bakti. It 
was expected that the tinning line, with an 
annual capacity of 130,000 tons, would soon 
make the country self-sufficient in tinplate. 
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Malaysia.—Following the pattern of re- 
cent years, the number of active mines 
declined. There were 547 mines in 1983, 
compared with 936 mines in 1978. The 
number of dredges declined to 38, the num- 
ber of gravel pump mines declined to 430, 
and the total tin industry labor force declin- 
ed about 10% to 25,600 people. 

Namibia.—The majority of tin produc- 
tion came from the Uis tin mine, in the 
Brandberg area, about 193 kilometers north 
of Swakopmund. The Uis tin mine was 
owned by Industrial Minerals Mining Corp. 
(Pty.) Ltd., a wholly owned subsidiary of 
South African Iron and Steel Industrial 
Corp. Ltd. (Iscor) The Uis tin deposits 
occurred as low-grade, 0.11% to 0.15% tin, 
cassiterite mineralization. The tin con- 
centrates were shipped directly to the 
Vanderbijlpark steelworks in the Republic 
of South Africa. They provided a large part 
of Iscor's tin needs for use in the making of. 
electrolytic tinplate. 

Nigeria.—The Government was studying 
a plan to bring the five major tin mining 
firms under a new Government-funded 
holding company, the Nigerian Tin Mining 
Co. The five firms were Amalgamated Tin 
Mines of Nigeria (Holdings) Ltd., Bisichi- 
Jantar Nigeria Ltd., Kaduna Prospecting 
Nigeria Ltd., Ex-Lands Nigeria Ltd., and 
Gold & Base Metal Mines of Nigeria Ltd. 
Makeri Smelting Co. Ltd. continued to treat 
all Nigerian tin concentrates. 

Nigerian tin mine production declined 
rather steadily over recent years, from a 
figure of almost 8,000 tons in 1970 to about 
1,000 tons in 1983. The Government report- 
ed that existing alluvial deposits were de- 
pleted and that mining firms on the central 
plateau had not reinvested in prospecting 
and new mine development. 

Singapore.—According to ITC estimates, 
about 7,000 tons of tin concentrates were 
smuggled to Singapore, a non-ITC member, 
for smelting. Malaysia was reported to be 
the main source of the material, with In- 
donesia and Thailand also important 
sources, The smuggled tin constituted a 
double burden on tin producing countries; 
first, it was out of the ITC’s control and thus 
represented an unwanted surplus, which 
tended to further depress the world price; 
second, since the smugglers did not pay 
export taxes or royalties on the tin, the 
Government was deprived of an important 
source of revenue. 

Reportedly, delegations from major Asian 
tin producing countries implored Singapore 
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to ban the importation of tin concentrates 
that appeared to be smuggled. 

The Kimetal Ltd. smelter, with a capacity 
of about 7,200 tons per year, reportedly 
operated only at a 1,000-ton-per-year level 
owing to depressed tin demand. ` ` 

South Africa, Republic of.—Rooiberg Tin 
Ltd., owned by Gold Fields of South Africa 
Ltd., continued to be the largest producer. 
Zaaiplaats Tin Mining Co. Ltd. was the 
second leading producer. Union Tin Mines 
Ltd., also owned by Gold Fields, was the 
smallest of the three producers. 

Rooiberg reported declining tin grades 
and announced a $3.4 million program of 
shaft-sinking projects designed to increase 
proven reserves at its existing mines. Union 
reported that its mine was nearing the end 
of its working life and would probably close 
by 1984 or 1985. 

Thailand.—The drop in tin production in 
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1983 was reportedly caused by mounting 
operating costs, relatively low tin prices, 
environmental conflicts, smuggling, and the 
ITC export controls. Industry sources es- 
pecially pointed to relatively high tin royal- 
ties paid by miners as a major disincentive. 
Near yearend, the Government reduced the : 
royalty from the equivalent of about $1.50 
per pound to about $1.15 per pound. 

The Thaisarco smelter at Phuket, with a 
capacity of 38,000 tons per year, operated at 
only about one-half of capacity. The Thai 
Pioneer smelter, with a 3,600-ton-per-year 
capacity, remained closed owing to financial 
problems and a lack of feed; the Jootee 
Group and the Nganthawee Group, both 
large tin mining organizations, expressed 
interest in acquiring it. 

Tongkah Harbour Ltd. announced plans 
to increase the capacity of its 50-year-old- 
dredge located near Phuket by about 50%. 


Table 13.—Tin: World mine production, by country! 


(Metric tons) 
Country 1979 1980 1981 1982P 1983* 

Argentina. ----------------------—— 386 351 413 304 2338 
Australia `... 12,571 - 11,588 12,267 12,126 9,700 
IMA == baren MAE 27,648 21,291: 29,830 26,773 24,400 
Brazil. ee ee IA 7,005 6,930 8,297 $9,500 12,000 
Bute cuc tee ee E 1,233 1,290 1,438 1,681 21,642 
TT EE 8 SS Ss oes Se 
E 8 r15 19 “14 14 
Canada) 6.02.2 dee Ue lease 337 264 239 135 2141 
AA a 14,000 14,600 15,000 15,000 15,000 
Czechoslovakia® ____________________-_ 3180 322 433 F443 400 
German Democratic Republic? ____________ 1,600 1,800 71,600 71,700 1,700 
Indonesia ----------------------——- 129,535 132,527 35,392 33,806 27,000 
Japan == o aa it laa its 660 549 561 529 2599 
. Korea, Republic of- ______-_-_-___--_-o _ 31 8 ES mee 
Lao S. ncc eu Leu A LL "170 "290 E 7225 200 
Malaysia: eege 62,995 61,404 59,938 52,330 42,000 
Mexico. ii de rt A eae, is 23 60 28 27 25 
Namibii- == cn das tt Clos 1,042 1,070 1,228 1,326 1,400 
NT MTM ML o eee a a "89 "64 55 36 40 
A AA 2,150 2,069 2,300 1,240 1,060 
AA AL A A lee 870 1,077 1,519 1,672 22,368 
aleet o ita 225 274 506 410 400 
Rwanda o o ee ee 1,910 2,069 1,790 1,655 21,520 
South Africa, Republic of_____2__________ 2,697 2,913 2,811 3,035 22,668 

JA A A A 496 437 564 518 
TANZANIA: a ia E da 10 12 11 el 10 
Thailand |... LLL LLL LLL LL LLL LLL 33,962 33,685 31,474 26,109 219,943 
Uganda ina LU a ah ebe Et 60 30 30 3 30 
USSR a es ee i ete d 35,000 36,000 36,000 37,000 37,000 
United Kingdom _____~__~_~_____________ 2,373 2,982 3,869 4,208 4,100 
UnitedStates - - _-_________________e W W W 
Vietnam: oe e e EE c c €200 370 380 €580 550 
DONT EE 3,879 3,159 3,321 3,144 3,200 
TEE 1 ($) Sg 10 222 
Zimbabwe? ________________________ 1,340 1,300 1,600 1,600 1,650 
Total ee ee T245,294 724'1,300 253,113 237,176 211,620 

“Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 


1Contained tin basis. Data derived in part from the Monthly Statistical Bulletin of the International Tin Council, 


London. Table includes data available through June 6, 1984. 


2Reported figure. ` 
3Estimate by the International Tin Council. 
*Less than 1/2 unit. 
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The dredge was producing at the rate of 
about 470 tons per year of tin concentrates. 

Sea Minerals Ltd. claimed discovery of a 
major tin deposit near Phuket. The firm 
was completing a second barge and ex- 
pected to increase its prospecting. 

U.S.S.R.—The U.S.S.R. continued to rank 
as an important tin producer. The major 
Soviet tin mining regions were the Soviet 
Far East, Yakutia, and Transbaykal. 

United Kingdom.—Tin mining was cen- 
tered in the Cornwall area. Marine Mining 
Consortium Ltd. continued construction of a 
tin recovery plant at Gwithian on St. Ives 
Bay. By 1985, the firm planned to start a 
dredging operation that would cover the 
area from St. Ives Bay to Cligga Head, with 
the dredge penetrating the mining waste 
that for centuries had flowed to the sea in 
streams and rivers from Cornwall tin min- 
ing. The company expected to obtain 1 kilo- 
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. gram of pure tin for every 2 tons of waste 


dredged from the seabed. It determined that 
no suitable harbors existed for landing the 
dredged waste. It was planned that the 
firm’s dredge vessel would bring the materi- 
al to a floating buoy 700 meters from the 
shore at Gwithian. From there a pipeline 
would transport it to the plant, which Ma- 
rine Mining estimated would operate until 
the material was exhausted about 20 years 
later. 

Geevor Tin Mines Ltd. announced a $3 
million project to deepen the shaft at its 
mine and installed new concentration 
equipment designed to increase throughput 
capacity to 250,000 tons per year. 

The privately owned Wheal Concord lode 
mine near Truro was placed into receiver- 
ship and operations were closed owing to 
financial problems. 


Table 14.—Tin: World smelter production, by country! 


(Metric tons) 
Country 1979 1980 1981 1982” 1983* 

Argentina Lo ooo ooo 100 300 F200 "200 150 
Australia = 2 limi ah tos od a e we a re 5,423 4,819 4,286 3,105 22,913 
Belgium EE 2,240 2,822 65 ES Ge 
Bolivia coo alos de dolo deliciosa o ad ee 14,950 18,191 20,005 19,032 15,525 
¡A A ECN 10,133 8,792 7,639 9,298 13,000 
China usan tanda is ta 14,000 14,600 15,000 15,000 15,000 
German Democratic Republicé __________________ 2,000 2,200 2,300 12,400 2,400 
Germany, Federal Republic of __________________ 4,096 2,262 1,815 608 500 
Indonesia oras ca sed de lia az eem 27,790 30,465 32,429 29,755 29,300 
A A EEN 1,251 1,319 1,315 1,296 1,260 
Malaysia? o hs o Au monete d ut a a re 13,068 11,318 10,326 69,000 65,000 
Mexico*__§______________________________ 1,268 71,322 838 944 925 
Netherlands —— o hus mmm dose Le mas 71,700 71,100 2,100 2,100 2,150 
e MI EENG 2,858 2,678 2,486 2,754 2,340 
Portugal s o E Bg a e Sart ne de 1,121 938 900 “400 2200 
South Africa, Republic of _____________________ 819 1,100 2,056 €2,800 2,400 
DEE 4,412 4,100 4,400 3,700 22,200 
Thailand EE 33,058 34,689 32,626 25,497 218,467 
| OR STS EE 35,000 36,000 36,000 37,000 37,000 
United Kingdom . ooo 8,025 5,829 6,839 8,200 6,300 
United States®>___§__________________ LLL Lll 4,600 3,000 2,000 3,500 2,500 
Vietnam®_______ ooo ooo (8) (8) (8) 1475 520 
Zaire EE 458 458 450 352 150 
KAN 967 934 1,157 1,197 21,235 

TOTAL he AA ts ts ut ™249 337 "249,236 247,832 239,213 222,035 

“Estimated. Preliminary. "Revised. 


1Data derived in part from the Monthly Statistical Bulletin of the International Tin Council, London. Output reported 
throughout is primary tin unless otherwise specified. Table includes data available through June 6, 1984. 


2Reported figure. 
3Includes small production of tin from smelter in Singapore. 


‘Primarily from imported tin concentrate; minor amounts of refined tin from domestic ores were as follows, in metric 


tons: 1979—23; 1980—60; 1981—28; 1982—27; and 1983—25 (estimated). 
“Includes tin content of alloys made directly from ores. 
SRevised to zero. 


TECHNOLOGY 


Thermo Electron Corp. announced a new 
method for reclaiming tin from tin smelter 
dust without the necessity to preagglomer- 


ate the tin dust particles. Dust containing 
tin oxide was directed into the tail flame of 
a plasma reactor, where the tin oxides were 
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reduced to liquid tin using hydrogen or 
hydrocarbon gases. Tin was removed from a 
collection vessel at the bottom of the plasma 
reactor. The tin could also have been al- 
lowed to solidify and then remelted to 
separate tin from slag in the tin product. 
The plasma recovery process reportedly 
achieved yields of 95% in metal containing 
99% tin.? 

The Geological Research Corp. developed 
a process for concentrating tin oxide materi- 
al having a particle size less than 10 mi- 
crometers. The method consisted of sub- 
jecting an aqueous slurry of ore containing 
fine tin oxide materials to a high-intensity 
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wet magnetic separator at a field strength 
of about 10,000 gauss. The process separated 
the slurry into a nonmagnetic product and a 
magnetic product. Successive separation 
products were later combined to form a 
concentrate containing the major propor- 
tion of the tin oxide materials originally 
present in the slurry.* 


! Physical scientist, Division of Nonferrous Metals. 

2Can Manufacturers Institute. Metal Can Shipments 
Report 1983. Washington, DC, 1983, p. 5. 

¿Thermo Electron Corp. Plasma Recovery of Tin From 
Smelter Dust. U.S. Pat. 4,410,358, Oct. 10, 1983. 

*Geological Research Corp. Recovery of Tin, Magnetic 
Separating of Tin Oxide Minerals in a Slurry. U.S. Pat. 
4,382,856, May 10, 1983. 


Titanium 


By Langtry E. Lynd! and Ruth A. Hough? 


Domestic consumption of titanium con- 
centrates and titanium dioxide (TiO;) pig- 
ments increased, mainly because of recov- 
ery in the homebuilding industry. Produc- 
tion of rutile increased, but output of il- 
menite was about the same as in 1982. 
Demand for titanium metal declined some- 
what further as hopes for an early recovery 
in the commercial aircraft market failed to 
materialize. 

Rutile prices dropped in the first half of 
the year, but were in a strong uptrend at 
yearend as demand for TiO; pigments im- 
proved. The price of high-TiO. slag was 
raised early in the year and that of ilmenite 
increased slightly by yearend. Titanium 


sponge metal published prices were un- 
changed, but discounting from list prices 
was prevalent. Titanium dioxide pigment 
sales prices strengthened, but was still 
appreciably below list prices at yearend. 

Domestic Data Coverage.—Consumption 
data for titanium raw materials are devel- 
oped by the Bureau of Mines from a volun- 
tary domestic survey. Out of 40 operations 
to which a survey request was sent, 92% 
responded, representing an estimated 95% 
of the consumption of rutile, ilmenite, and 
titanium slag shown in tables 1 and 7. 
Consumption for the three nonrespondents 
was estimated using reported prior-year 
consumption levels. 


Table 1.—Salient titanium statistics 
(Short tons unless otherwise specified) 


1979 1980 1981 1982 1983 
United States: 
Ilmenite concentrate: 
Mine shipments ______________~— 646,399 593,704 523,681 233,063 W 
TEE thousands_ _ $32,965 $32,041 $37,013 $19,093 W 
Imports for consumption |... 184,478 357,488 236,217 348,366 259,328 
Consumption ORT RARIOR RUNE 191,063 848,607 856,116 : 730,578 
Titanium sl ! 
Imports or consumption _________~- 111,210 194,994 268,825 247,845 138,708 
Consumption _________________ 144,708 181,582 252,826 225,541 166,401 
Rutile concentrate, natural and synthetic: 
Imports for consumption -________-_ 283,479 281,605 202,373 163,325 111,578 
Consumption ________-________ 313,761 297,582 285,371 238,937 265,558 
Sponge metal: 
Imports for consumption -______._-_-_ 2,488 4,177 6,490 1,354 1,199 
Consumption --_----o-oo oo 23,937 26,943 €31,599 ` €17,328 €16,072 
Price, Dec. 31, per pound __________ $3.98 $7.02 $7.65 $5.55 $5.55 
Titanium dioxide pigments: 
Production tee Skee d 742,081 727,245 761,190 1657,362 757,341 
Imports for consumption __________ 104,968 97,590 124,906 138,922 174,857 
Consumption, apparent___________ 837,042 753,480 806,040 "188,117 849,964 
Price, Dec. 31, cents per pound: 
RE A 53.0 57.0 69.0 69.0 69.0 
RULO dro e ll hi 59.0 63.0 75.0 75.0 75.0 
World: Production: 
llmenite concentrate ______________ _ 73,909,537 74,106,830 4,017,591 3,346,221 S :2 876,302 
Rutile concentrate, natural!___________ T389,992 T480,472 8,613 P374,437 *358,987 
Titaniferous slag_ - - - -- ------------ "842,033 71,343,202 1,244,864 1,157,000 €1,095, 000 
Estimated. Preliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data. 


1Excludes U.S. production data to avoid disclosing company proprietary data. 
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Legislation and Government  Pro- 
grams.—The Government’s National De- 
fense Stockpile goal for titanium sponge 
metal remained at 195,000 short tons. The 
Government stockpile in December contain- 
ed 21,465 tons of specification sponge metal 
and 10,866 tons of nonspecification materi- 
al. 

The General Services Administration 
(GSA) on October 28 announced contract 
awards for the purchase of 4,500 tons* of 
primary titanium for the stockpile, 3,500 
tons of which was awarded to Japanese and 
United Kingdom producers. These pur- 
chases were delayed following a complaint 
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by RMI Co. that foreign producers were 
awarded contracts despite the possibility 
that they might be guilty of dumping and 
despite questions as to whether the awards 
contradict the Buy-America provisions of 


the Stockpile Act. At yearend, an antidump- 


ing charge brought by RMI against imports 
from Japan and the United Kingdom was 
being investigated by the U.S. International 
Trade Commission. 

The Government stockpile goal for rutile 
was unchanged at 106,000 tons. The total 
rutile stockpile inventory at yearend was 
39,186 tons. | 


DOMESTIC PRODUCTION 


Concentrates.—U.S. producers of ilmen- 
ite in 1983, with a total production capacity 
of about 600,000 tons per year, were Asso- 
ciated Minerals (U.S.A.) Ltd. Inc. (AMU) at 
Green Cove Springs, FL; E. I. du Pont de 
Nemours & Co. Inc. at Starke and High- 
land, FL; and NL Industries Inc. at Taha- 
wus, NY. Production was increased some- 
what in Florida, but decreased greatly at 
Tahawus following the 1982 closure of the 
NL Industries pigment plant at Sayreville, 
NJ, which had utilized the Tahawus concen- 
trate. 

As in 1982, AMU was the only U.S. 
producer of natural rutile concentrate. 
Kerr-McGee Chemical Corp. continued pro- 
duction of synthetic rutile at its 110,000-ton- 
per-year Mobile, AL, plant. 


Ferrotitanium.—Ferrotitanium was pro- 


duced by A. Johnson & Co. Inc., Lionville, 
PA; Reactive Metals and Alloys Corp., West 
Pittsburgh, PA; and Shieldalloy Corp., New- 
field, NJ. Most of the production of ferro- 
titanium consisted of the 70% titanium 
grades. 

Metal.—Domestic production and con- 
sumption of titanium sponge metal each 
dropped about 6%. Sponge production ca- 
pacity remained about the same as in 1982. 

The low level of titanium production and 
demand in 1983 was attributed mainly to 
the depressed state of the commercial air- 
craft industry. Several companies, includ- 
ing RMI and Oregon Metallurgical Corp., 
reportedly were making plans for increased 
participation in the smaller but faster- 
growing nonaerospace part of the titanium 
market. Viking Metallurgical Corp., Verdi, 
NV, a major producer of titanium forgings, 
reportedly had long-range plans geared to- 
ward becoming a major producer of tita- 


nium mill products for industrial applica- ` 
tions. Viking added a 3,500-ton-per-year 
electron beam (e.b.) furnace, bringing its 
total melting capacity to 5,000 tons per 
year. Other companies that have been de- 
veloping the capability of producing com- 
mercially pure (c.p.) mill products for indus- 
trial applications included Cabot Corp., 
Kokomo, IN, producing primarily flat-rolled 
products, and A. Johnson, which licensed 
e.b. technology from Viking. A major part of 
A. Johnson’s activities was scheduled to be 
devoted to casting c.p. slab directly from 
titanium melted in its new e.b. furnace at 
Morgantown, PA, eliminating the step of 
remelting ingot and forging it into slab. 

RMI made an agreement with Kobe Steel 
Ltd. to ship c.p. titanium ingot and other 
c.p. titanium products to Kobe in Japan for 
processing to tube and pipe and possibly 
sheet and strip. These products will then be 
shipped back to the United States and sold 
by RMI. ALS Metals Co., the Allegheny 
Ludlum Steel Corp.-Sumitomo Group part- . 
nership formed in late 1982, planned to 
initially manufacture and market c.p. tita- 
nium sheet, strip, plate, and welded tubing 


in the United States and Canada. 


RMI began operations in its new melt 
shop at Niles, OH, in July. The melt shop 
reportedly can produce ingots up to 48 
inches in diameter, weighing over 20 tons. 
In August, RMI announced the purchase of 
Micron Metals Inc., Salt Lake City, UT. 
Micron Metals is a major processor of tita- 
nium and other metal powders. 

Albany Titanium Inc. (ALTi) began con- 
struction of its laboratory and office com- 
plex and scheduled for completion by late 
1984 a pilot plant capable of producing 500 
tons of titanium per year. ALTi has exclu- 
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sive rights to two issued and five pending 
patents on a low-cost process that was 
developed by Occidental Petroleum Corp. 
The process was claimed to have lower raw 
material and processing costs than existing 
commercial processes and was said to be 
continuous, with energy costs only 25% of 
those of current producers. The plant was to 
be expanded to produce 5,000 tons per year 
by early 1986. 

Teledyne Allvac, Monroe, NC, in 1983 
began operation of a new $20 million forg- 
ing facility to form bars and other shapes 
from titanium ingot that the company pro- 
duces at Monroe. The addition of this forg- 
ing capability was part of an $80 million, 7- 
year modernization program. ` 

Wyman-Gordon Co. completed installa- 
tion of two vacuum-arc furnaces at its new 
aerospace alloys center in Millbury, MA, 
with melting capacity of 1,500 tons per year. 
Ingots up to 36 inches in diameter weighing 
10 tons can reportedly be produced. 
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Suisman Titanium Corp.’s ST-2001 tung- 
sten-carbide-free titanium turnings were 
qualified by Pratt & Whitney Aircraft 
Group, General Electric Co., and McDonnell 
Douglas Corp. as an approved raw material 
for the production of premium- and rotor- 
grade titanium ingots. These qualifications 
should greatly expand the use of titanium 
turnings to produce ingot. 

The charter meeting of the Titanium 
Development Association was held in New 
York, NY, on December 8. The stated pur- 
poses of the association were to promote the 
common interests of producers, processors, 
and consumers of titanium metal; to en- 
courage the highest professional and ethical 
standards in the business practices and 
general conduct of the titanium industry; 
and to cooperate with other industries, 
organizations, Government entities, and in- 
ternational trade associations to improve 
and expand the use of titanium. 


Table 2.—Production and mine shipments of ilmenite concentrates’ 
from domestic ores in the United States 


Production Shipments 
Year gross weight Gross weight TiO2content Value 
(short tons) (short tons) (shorttons) (thousands) 
iro" ————— M P—— 639,292 646,399 389,535 $32,965 
T980 cue eene heen a LE RA 7556,646 593,704 358,181 32,041 
¡e ins nee ec E hanc ui AA ets ae 542,357 523,681 310,854 37,013 
1987 Sr ————— a ds € 263,391 233,063 145,725 19,093 
19887 3= Su EE W W W W 
"Revised. W Withheld to avoid disclosing company proprietary data. 
1Includes a mixed product containing rutile, leucoxene, and altered ilmenite. 
Table 3.—U.S. titanium metal production capacity in 1983 
Capacity 
Company Ownership Plant location (short tons) 
Sponge  Ingot 
A. Johnson € Co. Inc- ------ sere SR Group of Stockholm, Lionville, PA _____-_ -- 11,500 
weden. 
Howmet Corp., Alloy Div ` ` Pechiney Ugine Kuhlmann, France _ Whitehall, MI ` ae 5,000 
International Titanium Inc _ _ _ Wyman-Gordon Co., 42.5%; Ishizuka Moses Lake, WA _ _ _ _ 2,500 Sie 
search Institute and Mitsui & 
Co. Ltd., Japan; other U.S. and 
Japanese interests. 
Lawrence Aviation Industries || EE EE Port Jefferson, NY _ _ Se 1,000 
nc. 
Martin Marietta Aluminum Inc ETT A NERONE EROR RENE Torrance, CA __--- MEM 4,000 
mos Metallurgical Corp .. - — Armco Inc., 80%; public, 2096... Albany, OR. 4,500 8,000 
RMI Co ee a is United States Steel Corp., 50%; Ashtabula, OH ` _ _ 9,500 con 
National! Distillers & Chemical Niles, OH ` _ _. 12,000 
Corp., 50%. 
Teledyne Allvac - -------—- Teledyne Inc_____________-~- Monroe, NC_______ oe 4,000 
Teledyne Wah Chang Albany. _ Scd eet E Albany, OR _______ 1,500 1,000 
Titanium Metals Corp. of NL Industries Inc., 50%; Allegheny Henderson, NV ____ 15,000 17,000 
America. International Inc., 50%. 
Viking Metallurgical Corp ..... Quanex Corp______________~- Verdi, NV________ -- 45,000 
Western Zirconium Co- --—--— Westinghouse Electric Corp... Ogden, UT ______- 500 500 
Total ii Ns as a a DN dA ELM DU Ead CE cL USE 33,500 59,000 


1Single melt only, commercially pure ingot and slab. 
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Pigment.—Production of TiO. pigment 
was 15% higher than in 1982, reflecting 
improvement in economic conditions. Two 
producing companies were expanding ca- 
pacity, and one company ceased production. 

Kerr-McGee announced it will spend $4 
million to expand its 56,000-ton-per-year 
chloride process TiO; pigment plant at 
Hamilton, MS, by about 13% to 63,500 tons 
per year. The expansion project was sched- 
uled to be completed by the third quarter of 
1984. The company said that production in 
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1982 exceeded nominal capacity by about 
4,000 tons per year. 

SCH Corp. in 1983 purchased a 35,000- 
ton-per-year chloride-process TiO; and tita- 
nium tetrachloride plant at Ashtabula, OH, 
from Gulf + Western Industries Inc. follow- 
ing a decision by the Federal Trade Com- 
mission not to oppose the acquisition. 

Gulf + Western reportedly withdrew 
from the TiO, industry, and shut down its 
44,000-ton-per-year sulfate-process plant at 
Gloucester City, NJ, in November. 


Table 4.—Components of U.S. titanium metal supply and demand 


(Short tons) 
Component 1979 1980 1981 1982 1983 
Production: 
Sponge heh i EE 121.100 122,500 126,400 115,600 13,966 
Mio AA A E 37,414 42,864 — "46,236 "26,536 26,439 
Exports: 
PONLO: a eii 180 113 58 36 39 
Other ünwrought 5 rele ce iur p tc ii 155 944 251 173 258 
A A CP E 4,967 3,300 3,280 4,287 5,379 
Ingot, slab, sheet bar, ete ___.______~______-_____ 1,984 3,278 4,203 2,196 1,371 
Other wrought EE 1,316 1,845 1,846 1,404 783 
Totale. is ss meh Lus Me e obla ten ha 8,602 8,880 9,644 8,096 7,830 
Imports: 
Sponge Ehe 2,488 4,777 6,490 1,354 1,199 
Serap aaa a SO RR enka en e eens ye ee be eee, eee ane 6,140 4,138 3,787 1,277 1,572 
Ingot and billet ee 338 191 244 212 81 
Mill products ia cupis d 942 946 1,116 870 935 
Total_______- —— — 9,908 10,052 11,697 3,13 28,788 
Stocks, end of period: : 
Government: Sponge (total inventory) -------------- 32,331 32,331 32,331 32,331 . 32,331 
Industry: 
DON Es creen ee 2,155 2,981 €3,720 €3,350 €3,136 
EE 6,733 8,641 “10,484  *11,073 ©12,635 
AAA AA a a ee 2,366 1,860 3,592 12,534 3,218 
Y RA A AO A AMA 200 2 7 22 
Total industry- - - - -- --------------——— 11,454 12,884 17,803 16,960 19,011 
Reported consumption: 

A ee ee ee ee 23,937 26,943 €31,599 °17,328 €16,072 
DofuD bus a a et es, A 13,986 15,406 14,795 8,528 °10,467 
groten uc sn cod sul Mua e 31,868 43,360 43,592 27,580 26,231 
Mill products (net shipments? ___________________ 23,113 27,133 25,492 18,281 15,949 
Castings shipments? ________________________ 186 191 209 1260 240 

“Estimated. ‘Revised. 


1Calculated sponge metal production equals sponge consumption minus sponge imports plus sponge exports and 


adjustments for Government and industry stock changes. 


Data do not add to total shown because of independent rounding. 
3U.S. Bureau of the Census, Current Industrial Reports, Ser. ITA-991. 
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Table 5.—Capacities of U.S. titanium dioxide pigment plants on December 31, 1983 


Company and plant location 


New Johnsonville, TN ______________________ 
Kerr-McGee Chemical Corp., Hamilton, MS ___________ 


SCM Corp., Glidden Pigments Group: 
Ashtabula, OH 


Baltimore, MD___________________________ 


e emia ia eee ee i ea ia ea i —À — — — _ 


bls ie a e sane - . 66,000 


Pigment capacity (tons per year) 


Sulfate process Chloride process 


64,000 46,000 


66,000 42,000 
130,000 144,000 


Table 6.—Components of U.S. titanium dioxide pigment supply and demand 


(Short tons) 
1979 1980 1981 1982 1983 
Component (gross (gross Gross TiO2 Gross TiO2 Gross TiO2 
weight) weight) weight content weight content weight content 
Production Ee 742,081 727,245 761,190 700,648 "657,362 607,113 757,341 669,841 
Shipments: 
uantity ___________ 756,941 731,546 778,116 727,854 707,075 662,487 813,958 762,818 
alue (thousands) _____-_ $720,265 $795,734 $947,881 $947,881 $927,517 $927,517 $950,515 $950,515 
Exports -------------- ; 42,126 61,104 57,440 72,823 : 91,702 ; 
Imports for consumption _ _ _ _ 104,968 97,590 124906 °117,412 138,922 °130,309 174,857 °164,191 
Stocks, end of period _____-_ 54,008 | 83,237 102,189 96,058 86,933 81,543 77,465 72,740 
Consumption, apparent? _ _ __ 837,042 | 753,480 806,040 742,080 *738,717 685,657 849,964 156,139 


“Estimated. ‘Revised. 
1Includes interplant transfers. 


2 Apparent consumption equals production plus imports minus exports minus stock increase. 


Sources: Bureau of the Census and Bureau of Mines. 1980 is the 1st year for which actual TiO2 content data are 


available for total production. 


CONSUMPTION AND USES 


Concentrates.—The total amount of tita- 
nium in concentrates consumed domestical- 
ly increased 14%, mainly because of higher 
TiO; pigment production. Most of the in- 
crease in consumption was in the form of 
ilmenite. 

Metal.—Demand for titanium sponge, in- 
got, and mill products declined in all mar- 
ket sectors except military aircraft. Mill 
product shipments were 4896 in the form of 
billet; 39% sheet, strip, plate, tubing, pipe, 
extrusions, and other; and 13% rod and bar. 
As in previous years, bar and billet were the 
major forms used for aerospace gas turbine 
engines and airframe forgings, while the 
other forms were used mainly for nonaero- 
space industrial applications. Mill product 
usage was estimated to be about 75% for 
aerospace and 25% for other industrial 
uses. 

The largest uses of titanium were for 


compressor blades and wheels, stator 
blades, rotors, and other parts in aircraft 
gas turbine engines, and in airframe struc- 
tures of both military and commercial air- 
craft, such as wing-support structures, land- 
ing gears, ducting, and structures where 
resistance to heat is required. The most 
rapid growth in titanium use has been for 
those industrial uses requiring superior re- 
sistance to corrosion, such as surface con- 
densers in powerplants, heat exchangers, 
and chemical industry equipment. 

Pigment.—Consumption of TiO; pigments 
rose to a new peak, mainly because of 
increased demand from the homebuilding 
industry. 

Ferrotitanium.—Consumption of ferro- 
titanium and titanium metal scrap in steel 
and other alloys increased, mainly because 
of higher steel production. 
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Table 7.—U.S. consumption of titanium concentrates 


Year 
y WEE 
1980 Eet 
A EEEE AE 
1982: 
Alloysandcarbide. _ 
Pigments _________________~- 


Welding-rod coatings and fluxes _ _ — — 
Miscellaneous... 


1983: 


Pigments 
Welding-rod coatings and fluxes — — _ — 
Miscellaneoug?. ——----------- 


*Estimated. 


(Short tons) 
Ilmenite! 
Gross (A? 
weight content® 
791,063 481,228 
848,607 513,315 
856,116 511,022 
(3) 3) 
514,634 845,618 
(3) (3) 
8,616 6,775 
583,250 352,393 
(3) 3) 
723,044 468,279 
(3) OI 
7,534 6,006 
730,578 474,285 
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Titanium slag 

Gross TiOz2 
weight content® 
144,708 106,346 
181,582 133,933 
252,826 186,020 
(9 ($) 
225,541 168,433 
225,541 168,433 
($) ($) 
166,401 127,267 
166,401 127,267 


"Includes a mixed product containing rutile, leucoxene, ania altered ilmenite. 
2Includes synthetic rutile made in the United States. 
*Included with “Miscellaneous” to avoid disclosing company proprietary data. 
“Included with “Pigments” to avoid disclosing company proprietary data. 

5Includes ceramics, chemicals, glass fibers, and titanium metal. 


Gross 
weight 


313,761 


297,582 
2285,371 


2194 994 
5,607 
38,336 
2238,937 


2993 210 
3,892 
38,456 


2265,558 


Rutile 
(natural and synthetic) 


TiOa 


content? 


292,912 
211,882 
2266,596 


Table 8.—U.S. distribution of titanium-pigment shipments, titanium dioxide content, 


by industry 
(Percent) 
Industry 1979 1980 1981 1982 1983 
Paints, varnishes, lacquers ----------------------------- 414 441 484 488 488 
AA A i ON A 21.8 24.3 23.8 24.6 24.2 
Plastics (except floor covering and vinyl-coated fabrics and textiles) _ — _ _ 11.8 10.6 11.4 11.4 11.7 
Rubber ee as eet ee yen ee E les 2.9 2.1 2.2 2.3 1.6 
Printing ik EE 1.9 2.8 1.3 9 1.0 
faM MA EM a at A te A 1.9 1.7 1.4 1.1 1.0 
Other CHR Pm 7.1 8.2 8.6 6.4 5.9 
OC AAA A A IA LUE 5.2 6.2 79 10.0 11.3 
Toti A A a 100.0 100.0 1000 1000 100.0 
Table 9.—U.S. consumption of titanium products! in steel and other alloys 
(Short tons) 
1979 1980 1981 1982 1983 
Carbon 6t0e) EE 529 423 641 420 144 
Stainless and dre brittany oe, Ge 2,368 1,620 1,552 1,289 # 1,748 
Other alloy steel (includes HSLA) ~- - - - - -- ---------------—- 9 848 908 664 749 
Tóolsteël a oL E E a W . W W W W 
Total steel? Tr 3,856 2,891 - 3,096 2,973 3,241 
Cast iröns eeben 129 102 63 47 38 
Superalloys coa daa de ee dl eos da E e ret (De 1,197 1,053 645 409 535 
Alloys, other than above ______________________-___ _-_- 234 272 254 200 252 
Miscellaneous and unspecified _ - - - - - - - - - -- --------------- 9 13 26 10 12 
Total consumption - - - - - - - - - - -----—---—-—-—--—-——-—--——-——— 5,425 4,331 4,084 3,039 4,078 


W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and unspecified.” 
1Includes ferrotitanium containing 20% to 70% titanium and titanium metal scrap. 
2Excludes data withheld and unspecified included under “Miscellaneous and unspecified.” ` 
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STOCKS 


The total TiO; content of stocks of concen- 
trates decreased 35% mainly because of a 
273,000-ton reduction in ilmenite stocks. 


The high usage from stocks reflected in- 
creased consumption along with lower pro- 
duction and imports. 


Table 10.—Stocks of titanium concentrates and pigment in the United States, 


December 31 
(Short tons) 
Gross TiO2 
weight content* 
Ilmenite:! 

08I a is A E A A a 854,444 543,114 
A RA O PM OA 742,644 470,776 
A A A NN NO - 469,342 299,260 

Titanium slag:! 
y AAA EAS AIR 203,692 150,706 
EE EE 135,765 103,667 
AAA EEN 78,378 61,026 
Rutile:! 
IUMDIS Ut O ru Ld eu UM 163,054 153,710 
FOND uri o uos esie ete a un E 176,079 165,762 
1983 ______ EE 130,034 122,188 
Titanium pigment: 

A rE RA E A E S ERR NA 102,189 
5 ANN A a a EI NA 86,933 

A A IE EE EES NA 77,465 

"Estimated. "Revised. NA Not available. 


1Producer, consumer, and dealer stocks. 
2U.S. Bureau of the Census. Producer stocks only. 


PRICES 


Concentrates.—The published prices of 
titanium concentrates were generally high- 
er by yearend. 

Metal.—Titanium metal published prices 
were unchanged, but sales were reported at 
discounted prices, including purchases of 
sponge metal for the Government stockpile 
at prices in the $2.92 to $3.97 range. 


Pigment.—In the fourth quarter, US 
TiO; pigment producers reportedly increas- 
ed their pigment sales prices about 5 cents 
per pound above the previous discount lev- 
els of 60 cents per pound for rutile grades 
and 58 to 59 cents per pound for anatase 
grades. 
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Table 11.—Published prices of titanium concentrates and products 


Concentrates: 
Ilmenite, f.o.b. eastern U.S. ports ______________ __ per Ong ton. . 
Ilmenite, f.o.b. Australian ports __ (cee 
Ilmenite, large lots, bulk, f.o.b. Titen, FL -----------------—- do... 
Rutile, f.o.b. eastern U.S. prts --—----------------—-- per short ton. 
Rutile, bagged, f.o.b. Australian ports _____________________ do. --- 
Rutile, bulk, f.o.b. Australian ports. - - - - - --------------—-—— do... 
Rutile, large lots, bulk, f.o.b. Titen, FL - ------------------—-- do. ... 
Synthetic rutile, fob. Mobile, AL ica aia LC. do. --- 
Titanium slag, 74% TiOz, f.o.b. Sorel, Quebec? ___________ per long ton — 
Titanium slag, 85% TiOs, f.o.b. Richards Bay, Republic of South Africa? f 
"MR 
Metal: 
Sponge, domestic, f.o.b. plant ` per pound. _ 
Sponge, Japanese, under contract, c.i.f. U.S. ports, including import duty. 
A 
Mil pra imported, spot price - - - - - --------------------—— do... 
roducts: 
Lo au CK E e EL EE At E POM do... 
Billet eher do. — 
Plat PAE E IA do. — 
ll EE do. --- 
DÜFID RA AAA roa SEO ED ue eee do. ... 
Pigment: 
Titanium dioxide pigment, f.o.b. U.S. plants, anatase - ________-_--- do... 
Titanium dioxide pigment, f.o.b. U.S. plants, rutile __________._.-_ do. --- 
“Estimated. 
1Yearend. 


1982! 


$70.00-$75.00 


240.00-250.00 
231.00-240.00 
310.00 
350.00 

150.00 
170.00-180.00 
5.55- 5.85 


No quotation. 
6.50- 7.00 


1983! 


$70.00-$75.00 
30.00- 34.00 
44.00- 45.00 
400.00-430.00 
267 .00-284.00 
259.00-275.00 


170.00-180.00 
5.55- 5.85 


No quotation. 
No quotation. 


2Slag contained 72% and 74% TiO» in 1982, and 74% and 80% TiOs in 1983. Price is for 74% TiO2 product. 


FOREIGN TRADE 


Since 1980, the main trends in exports 
and imports of titanium materials have 


been increases in TiO; pigment exports and thetic rutile. 


Table 12.—U.S. exports of titanium products, by class 


imports, and decreases in imports of tita- 
nium metal, slag, natural rutile, and syn- : 


1981 1982 1983 
Class Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Concentrates: 
Ilmenite 56.432 Lec ee EE ee NA NA 19,230 $618 865 $26 
Rütli a a ee We EA 7,297 $2,099 2,452 661 3,526 980 
KT EE 7,297 2,099 21,682 11,280 4,391 1,006 
Metal: 
ln clo D Dd LL Miete S 58 451 36 256 39 203 
Other REECH EE 257 2,244 173 1,218 258 1,896 
EE 3,280 6,811 4,287 6,718 5,379 7,074 
Ing SZ billets, slabs, etc. 4,203 105,647 2,196 60,240 1,371 29,232 
Other wrought DEE 1,846 ,807 1,404 40,368 7 22,965 
TOA ra lado aa pl ad ada 9,644 168,960 8,096 108,800 7,830 61,370 
Pigment and oxides: 
Titanium dioxide pigments — - - - - --- - - ----—-— 61,104 63,398 12,823 17,657 91,702 86,900 
Titanium compounds, except pigment-grade_ _ — — _ _ 1,328 3,004 1,299 4,411 1,819 5,232 
Total- eeh hei ee ihe ee Ets LEE Le 62,432 66,402 74,122 82,068 93,521 92,132 
NA Not available. 


 iData do not add to total shown because of independent rounding. 
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Table 13.—U.S. imports for consumption!’ of titanium concentrates, 


by country 
1981 1982 1983 
Concentrate and country Quantity Value Quantity Value Quantity Value 
(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 
Ilmenite: 
Australia -____________--.. 234,562 $5,791 342,279 $8,671 259,328 $9,262 
Germany, Federal Republic of?_ _ _ _ aa P 24 2 M" d 
AAA E 1,656 96 oa oes RS ER 
Sri Lanka ` EU e 6,063 92 Te EE 
Total® uc Loa 236,217 5,887 348,366 8,765 259,328 9,262 
Titanium slag: 
CANA a o tes ERE 246,137 27,326 201,168 24,908 127,691 18,533 
South Africa, Republic of |... 22,685 3,001 45,685 7,348 11,016 1,628 
A EE 3 2 992 609 — a 
Total come 268,825 30,328 247,845 32,865 138,708 20,161 
Rutile, natural: 
Australia SS Sco 88,8345 28,887 74,501 20,498 80,096 16,450 
Malaysia `... --- 11 187 ws SE E sus 
Sierra Leone ______________~- 25,236 6,983 53,308 13,200 DES m" 
South Africa, Republic of ------- 47,406 11,723 11,320 2,431 10,817 3,365 
Other EE : 25 9 2 2 79 21 
Total sou das 161,022 47,790 139,131 36,131 90,992 19,836 
Rutile, synthetic: 
Australia -——-----------—-—- 39,708 8,854 22,144 2,876 11,118 1,767 
France ooo o me s ES SE 127 111 
ET VC EE 440 1,886 mo a Wé MN 
Japa- 22 ias lcs 1,200 492 1,450 603 617 235 
KEE is WS BE t 8,123 1,583 
Other -_--_- MICE MET PER: 3 2 ou M "m SOS 
Total nz Ins eim 41,351 11,234 24,194 3,479 20,586 3,696 
Titaniferous iron ore:* 
Canada -——--------------—- 12,211 509 6,996 336 2,124 107 


! Adjusted by the Bureau of Mines. 

"Country of transshipment rather than country of production. 

3Data may not add to totals shown because of independent rounding. 

“Includes materials consumed for purposes other than production of titanium commodities, principally heavy 
aggregate and steel furnace flux. 


Table 14.—U.S. imports for consumption of titanium dioxide pigments, 


by country 
1981 1982 1983 
Country Quantity Value Quantity Value Quantity Value 


(short (thou- (short (thou- (short (thou- 
tons) sands) tons) sands) tons) sands) 


Aüstralild- 2. LL nom ev SU e 5,341 $5,129 4,712 $4,850 5,591 $5,824 
Belgium-Luxembourg `... 4,860 4,525 4,731 4,902 14,456 11,287 
Canada ee 15,710 17,288 21,912 25,135 25,563 27,396 
Emland EE 5,196 5,262 4,026 4,176 4,829 4,678 
France <- un ccu ia Ld 22,663 24,029 20,862 22,126 31,195 30,032 
Germany, Federal Republic of . - - -----------—- 38,482 39,229 37,506 37,482 36,659 35,804 
ebe ee 56 5 318 1,223 1,082 
Japahs eenaa E a E 4,124 4,936 5,266 6,084 4,888 4,870 
Netherlands - - - ---------------------——- 2,635 1,893 aa ashy 254 211 
IN OCW OY AAA A UE Ee 4,992 4, 7,312 7,125 6,428 5,638 
apain EE 13,017 13,061 19,234 19,614 18,784 
nited Kingdom `... 7,011 7,200 12,014 13,266 19,761 19,135 
Te E TEE 112 106 506 94 55 115 
Other! ocn oe e a EE 7106 T96 T544 1446 848 638 
Toar na eh iA ds ELA ias 124,906 127,396 138,922 146,569 174,857 165,495 
"Revised. 


1Includes China, Gibraltar, Hong Kong, India, the Republic of Korea, Mexico, Sweden, and Switzerland. 
2Data may not add to totals shown because of independent rounding. 
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Table 15.—U.S. imports for consumption of titanium metal, 
by class and country 


! 1981 
Class and country Quantity 
(short 
tons) 
Unwrought: Sponge 
Canada'_ ooo D? 
CHING: ee 633 
Japan teu. 5,14'l 
USSR | a is 110 
United Kingdom. - - - ---------—- BN 
Tota EE 6,490 
Ingot and billet 

(Té e AA A 58 
Canada _____________-_-_-_~- (3) 
China Cu ss ias 80 
Germany, Federal Republic of ____-_ 48 

A LE LLL 38 
USSR ts ae se eka Be Be T 
ou Kingdom. .........-.- 20 

Total? tase E ses erent REM Ee: 244 
Waste and scrap: 

AA ee ut 30 
Belgium... ---------------- 39 
Cañada uc a D LE 1,483 
China uuum set ee tec tt. 14 
Finland: nee x an 127 
AER 103 
Germany, Federal Republic of ———__ 213 
DT aos ai ia 251 
Sweden -—----------------- 98 
Switzerland. ____________--_- MM 

ESSE ti ae Net Se 406 
United Kingdom- .---- 876 
A Ys ace a ie a cu EE 86 

Total® a a is es 3,787 

Wrought titanium: 

AA os eN do de dl ds 610 

EI TEE us 
Germany Federal Republic of |... 55 
Japan tias cene m deeem 877 
United Kingdom. ~~ 55 
ONO a a teat 19 
EE 1,116 


1982 


1983 

Value Quantity Value Quantity Value 

(thou- (short (thou- (short (thou- 

sands) tons) sands) tons) sands) 
EM 3 $32 Pee - 

$9,947 24 287 1 
81,822 1,283 16,753 976 6,761 
1,746 44 160 193 913 
Ee nM n 30 177 
93,515 1,354 17,232 1,199 7,856 
792 20 194 = ees 
3 35 634 7 102 
2,150 (>) 1 P mE 
988 6 134 19 405 
678 66 1,154 44 546 
NM 13 182 4 38 
526 T1 1,260 6 133 
PEN (3) 2 (3) 4 
5,139 212 3,560 81 1,228 
83 ZR m 39 55 
78 63 62 66 89 
5,436 195 698 451 2,240 
812 17 88 22 19 
511 "- n Ert ? 
1,054 31 106 62 95 
1,267 72 261 166 365 
1,820 48 191 44 130 
599 69 197 90 168 
ea aoe ae 117 184 
1,053 280 516 n MER 
6,128 475 1,489 463 1,036 
733 26 41 52 80 
19,574 1,277 3,648 1,572 4,461 
4,617 469 7,549 317 5,219 
SR 5 279 Eres 
1,863 (3) 24 (3) 

11,810 367 7,495 605 8,842 
2,708 16 695 8 258 
575 12 199 5 33 
21,573 870 16,240 935 14,354 


1Country of transshipment rather than country of production. 
2Data may not add to totals shown because of independent rounding. 


3Less than 1/2 unit. 


WORLD REVIEW 


World production of titanium concen- 
trates decreased somewhat despite reports 
of generally increased TiO; pigment produc- 
tion and demand, resulting in a reduction in 
stocks of concentrates and a consequent 
firming of prices, particularly for rutile. 

World demand for titanium sponge metal 
remained well below world capacity, and 


capacity utilization was below 50%. 

Australia.—Australia continued to be the 
largest producer of titanium minerals, with 
exports of ilmenite to Brazil, Japan, Spain, 
the United Kingdom, the United States, and 
the U.S.S.R., and exports of rutile mainly 
to Japan, the United Kingdom, and the 
United States. 
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Belgium.—Titech Europe SA dedicated a 
new titanium foundry in May at Charleroi. 
Titech Europe was jointly owned by Titech 
International Inc. of Pomona, CA, and a 
Government of Belgium regional invest- 
ment group. The plant was scheduled to 
produce premium-grade titanium castings 
to meet the growing needs of Europe’s 
aerospace, petrochemical, marine, and nu- 
clear industries. 

Brazil.—In October, Cia. Vale do Rio 
Doce (CVRD) started up its pilot plant for 
processing anatase ore from the Tapira and 
Salitre carbonatite complexes in Minas Ge- 
rais State. Anatase, like rutile, is a crystal- 
line form of titanium dioxide. The process is 
the result of a 10-year research program by 
CVRD, and involves grinding, reduction, 
and magnetic and electrostatic separation 
to yield a 90% TiO; concentrate suitable for 
chloride-process titanium dioxide pigment 
or metal manufacture. The Tapira and Sa- 
litre anatase deposits represented a very 
large potential source of titanium, with a 
reserve base estimated at over 50 million 
tons of TiO.. 

Canada.—QIT-Fer et Titane Inc. complet- 
ed ahead of schedule its $8.1 million ore- 
upgrading plant to allow production of 80% 
TiO; slag instead of the 74% TiO; grade it 
produced since late 1982, and the 72% grade 
it made in prior years. The Sorel smelter 
was fully converted to produce the 80% 
TiO, slag by October 31, 1983. 

Finland.—The Otanmaki Mine, the sole 
producer of ilmenite in 1983, was expected 
to close within the next year or two because 
of unprofitability. 

Germany, Federal Republic of.—NL 
Chemicals, a division of NL Industries Inc., 
announced a major expansion of its Kronos 
Titan AG chloride-process TiO, plant at 
Leverkusen, from 40,000 tons per year to 
88,000 tons per year, to be completed by 
mid-1985. The company planned to shut 
down an equivalent capacity of its sulfate- 
process plant also at Leverkusen, reducing 
considerably the quantity of waste generat- 
ed at the site. The project was said to be a 
result of pressure from environmental 
groups in the Federal Republic of Germany 
and the Netherlands to halt the disposal of 
TiO. plant waste in the North Sea. The 
Federal Republic of Germany has reported- 
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ly decided to ban all disposal in the North 
Sea of titanium dioxide plant wastes by the 
end of 1989. 

India.—Indian Rare Earths Ltd.'s Orissa 
sands project was reportedly well advanced : 
toward startup by May 1984 of its 110,000- 
ton-per-year synthetic rutile plant. In addi- 
tion to annual production of 240,000 tons of 
ilmenite, for conversion to synthetic rutile, 
the mine was expected to produce 11,000 
tons of natural rutile, 33,000 tons of silli- 
manite, 4,000 tons of monazite, and 4,000 
tons of zircon. An acid regeneration plant 
was expected to yield up to 88,000 tons of 
iron oxide.‘ 

Japan.—In November, Showa Titanium 
Co. Ltd., a joint venture of Showa Denko 
K.K. and Ishizuka Research Inc., started 
trial operation of its new 2,200-ton-per-year 
titanium sponge plant in Toyama City. 
Commercial operation was to begin in Janu- 
ary 1984 at about 50% of capacity. The new 
plant is based on an improved process 
developed by Ishizuka that was expected to 
have a power consumption rate about 25% 
less than in currently employed processes. ` 

Production of titanium sponge in Japan 
was 11,600 tons, 37% less than in 1982. 
Japan’s titanium sponge production capaci- 
ty, including the new Showa plant, was 
about 37,500 tons per year. 

Sierra Leone.—Production of rutile by 
Sierra Rutile Ltd., owned by Nord Re- 
sources Corp., Dayton, OH, was resumed in 
January 1983 following a 3-month shut- 
down. ! 

U.S.S.R.—Production of titanium sponge 


metal was estimated to be 45,000 tons, and 


annual production capacity was estimated 
to be about 50,000 tons. 

United Kingdom.—Deeside Titanium 
Ltd. was believed to be producing titanium 
granules at about 30% of its 5,500-ton- 
per-year capacity. Deeside’s largest sale 
through December was the 500 tons sold to 
the U.S. General Services Administration 
for the Government stockpile. 

IMI Titanium Ltd. completed construc- 
tion at its Birmingham plant of a new 
melting furnace capable of producing 10-ton 
titanium ingots. The furnace uses a molten 
sodium-potassium eutectic for crucible cool- 
ing, rather than water, to avoid the explo- 
sion hazard of a water-cooled crucible. 
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Table 16.—Titanium: World production of concentrates (ilmenite, leucoxene, rutile, and 
titaniferous slag), by concentrate type and country! 


1Table excludes production of unbeneficiated anatase ore in Brazil, in short tons: 


(Short tons) 
Concentrate type and country 1979 1980 1981 1982P 1983* 
Ilmenite and leucoxene:? 
Australia: | 
Ilmenite ________ UR UR FU as T1 301,839 11,526,218 1,456,303 1,266,788 965,000 
Leucoxene __———-----------—-—-——- 124,769 26,393 21,232 22,198 19,800 
Brazil A tecum A 14,541 18,562 16,631 *17,000 17,000 
A eg EL er NA NA 150,000 150,000 154,000 
Finland o asco ta ta ia 131,947 175,267 178,023 184,968 3176,370 
| (so LEES 161,867 185,078 179,141 168,500 165,000 
Malaysiař eu at sy Be oa 220,262 208,470 190,432 114,571 209,000 
Norway e DE A Een ue 903,690 912,508 724,907 608,215 3599,657 
Portugal toa de 295 258 368 322 330 
Sri Lanka oc gc esc drid tl daa 61,035 37,430 88,197 75,268 390,145 
DÉENEN 450,000 460,000 470,000 475,000 480,000 
United States ____________________ 639,292 556,646 542,357 263,391 W 
Total. ri 13,909,537 14,106,830 4,017,591 3,346,221 2,876,302 
Rutile: 
Australia -ecr Ste ra i eus 1302,620 1343,639 254,432 243,277 190,000 
Brazil sitas s ds 484 472 1 €220 220 
Indii e ee nad ee run 5,445 5,908 7,397 7,400 7,700 
Sierra Leone _________________-___- 8,267 52,356 55,992 52,590 379,146 
South Africa, Republic off _____________ 46,000 53,000 55,000 52,000 62, 
Sri BEE 16,176 14,097 14,662 7,950 38,921 
USSR? uta ey a Lad eee 11,000 711,000 11,000 711,000 11,000 
United States____________________e W W W W W 
Total cinia E es 1389,992 1480,472 398,673 374,437 358,987 
Titaniferous slag: 
Canada? ___-—----------------——-—— T525,835 ™964,202 836,864 r €737,000 675,000 
Japan EE 198 NA NA NA NA 
South Africa, Republic off $ ____________ 316,000 379,000 408,000 420,000 420,000 
bc AAA a a 1842,033 11,343,202 1,244,864 1,157,000 1,095,000 
p “Estimated. Preliminary. "Revised. NA Not available. W Withheld to avoid disclosing company proprietary 
ata. 


1979—8,127,413; 1980—not 


available; 1981—3,208,185; 1982—3,136,054; and 1983— not available. This material reportedly contains 20% TiOs. The 


table includes data available through June 13, 1984. 


?Ilmenite is also produced in Canada and in the Republic of South Africa, but this output is not included here because 
an estimated 90% of it is duplicative of output reported under ‘‘Titaniferous slag,” and the rest is used for purposes other 
than production of titanium commodities, principally as steel furnace flux and heavy aggregate. 


3Reported figure. 
*Data are for fiscal year beginning Apr. 1 of year stated. 
SExports. 


SIncludes a mixed product containing ilmenite, leucoxene, and rutile. 


"Contains 70% to 74% TiOz. 
5Contains 85% TiOz. 


TECHNOLOGY 


. The Bureau of Mines assessed the feasi- 
bility of prereduction of domestic ilmenites 
and titaniferous magnetite with coal char to 
improve melting operations and subsequent 
electric furnace processing to yield iron 
metal and titanium-enriched slags. Prere- 
duction decreased electrode consumption 
during furnace operation and also conserv- 
ed expensive electrical energy that other- 
wise must be used to reduce and melt the 
entire titaniferous materials charge.5 

In another Bureau of Mines study, the 
heat capacity of titanium disulfide (TiS;) 


was determined from 5.87° to 300.7” Kelvin 
by adiabatic calorimetry.* 

A U.S. patent was issued covering an 
Occidental Research Corp. process for mak- 
ing titanium metal from titanium ore, in- 
cluding ilmenite. Albany Titanium Co. ob- 
tained the rights to the process, which 
involves fluorinating the ore with a fluosil- 
icate melt such as sodium fluosilicate and 
reducing the titanium fluorides to metal. 
The reduction may be carried out by con- 
tacting the molten titanium fluorides with a 
molten alloy of zinc and aluminum, forming 
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a titanium-zinc alloy and fluorides of alumi- 
num. The titanium-zinc alloy is separated 
from the aluminum fluorides and the zinc is 
distilled from the alloy to leave behind 
titanium sponge metal.’ 

The three major processes for producing 
titanium metal sponge were reviewed: The 
Kroll process, which uses magnesium to 
reduce titanium tetrachloride (TiCl,) to tita- 
nium metal; the Hunter process, which uses 
sodium for the reduction; and electrowin- 
ning, which is a direct reduction from tita- 
nium salts dissolved in a fused salt bath 
using electrical energy. The review also 
discussed TiCl, production from ore, sponge 
purification methods, costs, production ca- 
pabilities, and projected usages.* 

The properties and use of a new cold- 
formable alloy, developed primarily by the 
U.S. Air Force, were described. The new 
alloy, Ti-15V-3Cr-3A1-3Sn (Ti-15-3) is a 
metastable beta strip alloy, and was devel- 
oped with the objective of reducing manu- 
facturing costs by being cold-formable rath- 
er than requiring hot rolling like the estab- 
lished alpha-beta alloys.? 

The effects of various methods of rapid 
solidification processing (RSP) of titanium 
alloys on alloy composition, microstruc- 
tures, and properties were investigated. The 
results indicated that the primary benefits 
of RSP in titanium alloys will result from 
the development of novel alloy compositions 
rather than by improvements in the proper- 
ties of conventional compositions. Several 
novel titanium alloys expected to produce 
unique combinations of microstructure and 
properties upon RSP were identified.” Com- 
panies involved in RSP work on titanium 
alloys included McDonnell Douglas Corp., 
Pratt € Whitney Aircraft Group, the 
Boeing Co., General Electric Co., and other 
firms.!! 

The advantages of applying titanium ni- 
tride (TiN) and other ultrahard coatings to 
cutting tools by physical vapor deposition 
(PVD) were described. Not only was the life 
between regrinds reportedly increased by 2 
to 10 times, but less power was used at the 
same speed and feed, and heavier cuts at 
higher speeds were said to be practical and 
recommended. TiN was one of the least 
difficult coatings that could be applied by 
PVD and was reported to be one of the 
best.!? 

Titanium powder metallurgy (p/m) tech- 
nology was experiencing growth and accept- 
ance in orthopedic and hip implant devices 
and in the electroplating and chemical fix- 
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ture industries. However, the use of tita- 
nium p/m for aircraft application was still 
described as minimal. Powder metallurgy 
parts best suited to aerospace applications 
include landing gears, impellers, and struc- 
tural airframe components.!? 

New advances in powder metallurgy and 
castings that reportedly resulted in pre- 
mium-quality materials that were directly 
competitive with conventional wrought- 
ingot metallurgy products, were described. 
These advances reportedly overcame the 
problem of reduced fatigue performance 
that previously prevented use of powder 
metallurgy in high-integrity applica- 
tions. 1 

The use of superplastic forming of tita- 
nium into built-up, low-cost advanced tita- 
nium structures (BLATS) that result in 
substantial weight and cost savings was 
described. The BLATS technology, devel- 
oped by Rockwell International’s Metal and 
Process Laboratory in the early 1970’s, was 
being applied in 1983 to make 92 parts for 
the F-15, the F-18, and the AV8B Harrier, 
products from McDonnell Douglas, and ret- 
rofit parts of the Northrop T-38 jet trainer. 
For the B-1B bomber, to be made by Rock- 
well, two parts were identified for produc- 
tion by the BLATS method, with another 20 
as possible candidates for such pro- 
duction.!* 


1Physical scientist, Division of Nonferrous Metals. 

“Statistical assistant, Division of Nonferrous Metals. 

Weight units used in this chapter are short tons unless 
otherwise specified. 

‘Clarke, G. M. The Industrial Minerals of India. Ind. 
Miner. (London), No. 191, Aug. 1983, pp. 21-36. 

5Nafziger, R. H., and R. R. Jordan. Prereduction and 
Melting of Domestic Titaniferous Materials. Metall. Trans. 
Bull., v. 14B, No. 1, Mar. 1983, pp. 55-62. 
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5Poulsen, E. R., and J. A. Hall. Extractive Metallurgy of 
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Production Techniques. J. Met., v. 35, No. 6, June 1983, 
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Tungsten 


By Philip T. Stafford! 


Consumption of tungsten increased 
slightly compared with that of 1982, but 
remained at its lowest level since 1975, and 
imports were at their lowest level since 
1976. Mine production decreased 36% from 
that of 1982, to the lowest level since 1934. 
Tungsten prices fell 24% to the lowest 
prices since 1973. 

During 1983, more than 95% of domestic 
production came from two mining oper- 
ations in California. Most mines, mills, and 
ammonium paratungstate (APT) plants 
. were closed all or part of the year. 

The 20-year deadlock between tungsten 


producing and consuming countries contin- 
ued, as no agreement was reached during 
1983 at the Geneva conference on stabiliza- 
tion of the world tungsten market. 

Domestic Data Coverage.—Domestic pro- 
duction data for tungsten are developed by 
the Bureau of Mines by means of three 
separate, voluntary surveys. These surveys 
are the Tungsten Ore and Concentrate, 
Tungsten Concentrate and Tungsten Prod- 
ucts, and Tungsten Concentrate. Of the 49 
operations to which surveys were sent, 
100% responded, and the data are reported 
in table 1. 


Table 1.—Salient tungsten statistics 
(Metric tons unless otherwise specified) 


1979 1980 1981 - 1982 1983 
United States: 
Concentrate: 
Mine production . - ------------------—-- 3,013 2,754 3,605 1,521 980 
Mine shipments --------------------——-- 3,01 2,738 3, 1,575 1,016 
CH TE thousands. _ $55,785 $50,575 $62,231 $22,062 $10,528 
Consumption EE SE 9,7 9,268 9,8 4,506 5,181 
Shipments from Goverment stocks __________ 2,351 1,703 9 344 259 
EXDOFRU xan See 875 920 79 305 1 
Imports for consumption ___________--~~-~- 5,149 5,158 5,331 3,528 2,861 
Stocks, Dec. 31: | 
Producer REE HEURE ND RR 38 48 108 54 41 
Consumer ----------------------- 698 601 671 11.765 1,085 
Ammonium paratungstate: 
Productiom Ea ada deis 8,055 7,664 8,855 4,914 5,021 
Consumption —-------------------—-——— 8,491 8,430 9,165 5,873 5,655 
Stocks, . 31: Producer and consumer ______.__ 399 438 699 748 970 
Primary products: 
Production... cuts sein ee ee 9,606 9,134 9,960 6,441 6,020 
Consumption - --—-----------------—--——- ,268 ,163 9,613 6,349 6,523 
Stocks, 
Producer ee 1,535 1,598 1,472 1,477 1,433 
Consumer = o o eos A ses isa 1,153 1,075 936 933 1,446 
World: Concentrate 
Production eebe 148,593 751,897 49,011 P45,305 €38,882 
Consumption. ________________-__------- 48,487 147,625 47,854 P41,084 €38,925 
*Estimated. Preliminary. "Revised. 
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Legislation and Government Pro- 
grams.—The General Services Administra- 
tion (GSA) Office of Stockpile Transactions 
continued to sell excess stockpiled tungsten 
concentrate on the basis of monthly sealed 
bids. Regular offerings of excess concentrate 
were made at the disposal rate of 136,078 
kilograms of contained tungsten per month, 
of which 102,058 kilograms was for domestic 
use and 34,020 kilograms was for export. 
Additionally, supplemental offerings were 
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made at the rate of 90,719 kilograms per 
month, of which 68,039 kilograms was for 
domestic use and 22,680 kilograms was for 
export. Actual shipments of excess concen- 
trate from the stockpile totaled 259,220 
kilograms of contained tungsten in concen- 
trate. 

Stockpile goals in effect remained as 
established in May 1980 by the Federal 
Emergency Management Agency. 


Table 2.—U.S. Government tungsten stockpile material inventories and goals 
(Metric tons of contained tungsten) 


Material 


Goals ^ National ` DPA! 
stockpile inventory Total 
Tungsten concentrate: 
Stockpile grade _— — - - - - ----------------------—--— 25,152 25,488 72 25,560 
Nonstockpilegrade. - - - - - --------------------——— B 13,261 83 13,344 : 
Total tus tata uL r a te 25,152 38,749 155 38,904 
Ferrotungsten: 
Stockpile grade ~- —--------------------------—— zc 381 eR 381 
Nanstockpile grade_ _ - - - _________~____-~---------- EAD 537 Se 537 
NEE T 919 m 919 
Tungsten metal powder: 
Stockpile grade <= == Liber a ee 726 711 ae 711 
Nonstockpile grade. _ - _ _ - _____-_-_---~-~-~-------~-- e 150 e 150 
Total. EEN 726 861 ON 861 
Tungsten carbide powder: 
tockpile grade _________________-___-___ LLL Lco 907 871 SCH 871 
Nonstockpile grade... E 51 PN 51 
TOCA EOD SR a ee 907 922 M 922 
!Defense Production Act (DPA) of 1950. | 
? Data may not add to totals shown because of independent rounding. 
DOMESTIC PRODUCTION 


Mine production and shipments each fell 
36% compared with that of 1982. Produc- 
tion totaled 980 metric tons of contained 
tungsten in 1983, and shipments totaled 
1,016 metric tons, the smallest amounts 
since 1934. Although five mines in two 
Western States reported production, two 
mines provided more than 95% of the do- 
mestic tungsten production. No mine oper- 
ated continuously, although the Strawberry 
Mine and mill of Teledyne Tungsten, a 
subsidiary of Teledyne Inc., near North 
Fork, CA, in Madera County, produced 
tungsten concentrate except during the 
winter and spring, when it was closed owing 
to weather conditions. 


Inventory by program, Dec. 31, 1983 


Normally the largest producer, the Pine 
Creek Mine and APT plant of the Metals 
Div., Union Carbide Corp. (UCC), located 
near Bishop, CA, in Inyo County, was closed 
or operated at a reduced capacity at various 
times during the year. The following major 
operations were closed throughout the year: 
Emerson Mine and mill of UCC, at Tem- 
piute, NV, in Lincoln County; the Climax 
Mine and mill of Climax Molybdenum Co., a 
division of AMAX Inc., at Climax, CO, in 
Lake County, principally a molybdenum 
producer; and the Springer Mine, mill, and 
APT plant of General Electric Co., near 
Imlay, NV, in Pershing County. 


TUNGSTEN 
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Table 3.—Tungsten concentrate shipped from mines in the United States 


: Reported value, f.o.b. 
Quantity minel 
Year Metric ton ee Total Average Average 
units of netri? (thou- per unit Bei of 
T9195 1. linm AIRE 380,147 3,014 $55,785 $146.75 $18.50 
I98Ü I er A LU EEN 345,239 2,138 50,575 146.49 18.47 
AA A AAA 447,028 3,545 62,231 139.21 17.55 
AN Ces Uil IA AA 198,652 1,575 22,062 111.06 14.00 
A A A O AS 128,130 1,016 10, 528 82.17 10.36 


1Values apply to finished concentrate and are in some instances f.o.b. custom mill. 
2A metric ton unit equals 10 kilograms of tungsten trioxide (WOs) and contains 7.93 kilograms of tungsten. 


Table 4.—Major producers of tungsten concentrate and principal tungsten 
processors in the United States in 1983 


Company 


Producers of tungsten concentrate: 


Teledyne Tungsten _____________________-_ 
Union Carbide Corps Metals Div _______________ 


Processors on Punt 
AMAX In 


Fansteel po^ au PNEU IHR S PE 
General Electric Co _______________________ 
GTE Products Corp ---------------------—- 
ponnameeat Inoue cl SA E EAE NE 


Li Tun 
North 
Teledyne Firth Stirlin 
Teledyne Wah Chang 


n Corp 
Merian n Phillips Lighting Corp __________~- 


<i zg 


Location of mine, mill, 
or processing plant 


North Fork, CA. 
Bishop, 


Fort Madison, IA. 

North Chicago, IL. 

Euclid, OH, and Detroit, MI. 
Towanda, PA. 

Latrobe, PA, and Fallon, NV. 
Glen Cove, 

Bloomfield, NJ. . 

Pittsbu bet srt PA. 

Huntsville, AL. 


CONSUMPTION 


Domestic consumption of tungsten in pri- 
mary products increased 3%, but remained 
at its lowest level since 1975. The major end 
use, 63% of the total, continued to be in 
cutting and wear-resistant materials, pri- 
marily as tungsten carbide. Other end uses 
were mill products, 24%; specialty steels, 
4%; superalloys, 3%; hard-facing rods and 


materials, 2%; chemicals, 1%; and miscella- 
neous, 3%. 

Consumption of tungsten EH used 
directly to make end-use items was distrib- 
uted as follows: tungsten carbide, 65%; 
tungsten metal powder, 25%; tungsten 
scrap, 3%; scheelite, 3%; ferrotungsten, 2%; 
and other, 2%. 


Table 5.—Production, disposition, and stocks of tungsten products in the United States 
(Metric tons of contained tungsten) 


Hydrogen- 

reduced 

metal 
powder 

1982 
Gross production during year __________~_ 6,089 
Used to make other products listed here _ _ _ _ _ 3,980 
D production == oo canoas 2,109 
ition: 

O other processors --——-—----------- 177 
To end-use consumers... Llc 2,309 

To make products not listed in this table. _ _ 8 


Producer stocks, Dec. 31 
See footnotes at end of table. 


Tungsten carbide 
powder 
Made Crushed Chemicals Other! Total 
from and 
metal crystal- Á 
powder ine 
3,396 754 2,637 83 12,959 
20 189 2,305 24 6,518 
3,376 565 332 59 6,441 
743 106 74 1 1,101 
2,145 129 183 52 4,818 
645 428 6 4 1,973 
259 298 120 39 1,477 
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Table 5.—Production, disposition, and stocks of tungsten products in the United States 
—Continued 


(Metric tons of contained tungsten) 


DUAE, carbide 
oue eee ES — 
u ; 
metal ES ii e Chemicals Other! Total 
powder - metal tal- 
powder ine 
1983 
Gross production during year _______-_._.. 5,480 3,475 677 1,887 45 11,564 
Used to make other products listed here . - -—— 3,728 16 167 1,632 1 5,544 
Net production -------------------- 1,752 3,459 510 255 44 . . 6,020 
Disposition: 
o other processors _______._______ 670 7 127 35 2 1,501 
To end-use consumers . oo 2,069 1,665 98 170 64 4,066 
To make products not listed in this table.. _ _ 714 404 7 T 1,514 
Producer stocks, Dec. 31_______________ 708 299 271 138 17 1,433 
1Includes ferrotungsten, scheelite (produced from scrap), nickel-tungsten, and self-reducing oxide pellets. 
Table 6.—U.S. consumption and stocks of tungsten products in 1983, by end use 
(Metric tons of contained tungsten) 
| Tung- Tung-  Scheelite Tung- Other 
End use ere, Zi. dien, natural, sten, CURREN Total 
powder powder Synthetic scrap al? ` 
Steel: l 
Stainless and heat-resisting -_-_._- 24 » xs 22 = M 46 
Alloy o o en e ce W ME Sa 10 E 2 12 
Too € EE 51 na HN 142 Saz 3 196 
Su méie be W 59 Ww W 154 2 215 
(excludes steels and superalloys): 
Cutting and wear-resistant 
materials... Se 19 4,077 E E 1 4,097 
Other alloys? ____________.__ 5 21 79 m 7 1 113 
Mill products made from metal powder ED: 1,553 W a es SS 1,553 
Chemical and ceramic uses... -— o de — A "1 . "n 
Miscellaneous and unspecified |... 26 z 83 44 65 2 220 
Total _.______________ 106 1,652 4,239 218 226 82 6,523 
Consumer stocks, Dec. 31, 1983 _____ 32 24 1 21 7 E 59 18 1,446 


W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and unspecified." 
1Does not include that used in making primary tungsten products. 

“Includes melting base, self-reducing tungsten, tungsten chemicals, and others. 

3Includes welding and hard-facing rods and materials and nonferrous alloys. 


PRICES 


In 1983, the average value of tungsten 
concentrate shipped from domestic mines 
and mills, as reported to the Bureau of 
Mines, decreased 26% to $82.17 per metric 
ton unit of WU, compared with the 1982 
value. Excess tungsten concentrate was 
purchased from GSA during the year at 
prices ranging from $68.00 to $82.50 per 
metric ton unit for domestic use and from 
$75.52 to $82.33 per metric ton unit for 
export. 

The European prices of tungsten concen- 
trate as reported in Metal Bulletin of Lon- 
don, the U.S. spot quotations as reported in 
Metals Week, and the International Tung- 


sten Indicator prices showed similar trends 
and similar monthly and annual averages. 
The price of concentrate was unusually 
stable from 1978 until October 1981, when it 
began a drop that extended through 1983. 
For the year, prices fell 24%, compared 
with those of 1982. 

The price of hydrogen-reduced tungsten 
metal powder, 99% purity, f.o.b. shipping 
point, as quoted in Metals Week, remained 
stable throughout the year in the price 
range of $5.94 to $6.22 per kilogram. Within 
these ranges, the price was primarily de- 
pendent upon the particle size of the tung- 
sten powder. 
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Prices for the other intermediate prod- carbide powder were not reported because 
ucts of APT, ferrotungsten, and tungsten ofthe competitiveness of these products. 


Table 7.—Monthly price quotations of tungsten concentrate in 1983 


Metal Bulletin (London), wolframite, Metals Week, U.S. spot quotations, International 
European market, 65% WOs basis! 65% WOs basis, c.i.f. U.S. ports Tungsten 
REESEN ee Se A e rg Indicator, 
gi poids weighted average 
Dollars per metric ton unit Be Dollars per short ton unit M ovt x price, 
Month ton unit ton unit 60% to 79% WOs 
Dollars Dollars 
Aver- Aver- i Aver. Aver. _ Per : 
Low High age age Low High age age ici B ke 
unit unit 
January _____- 6.00 83.72 79.86 12.45 12.00 77.00 4.50 82.12 83.47 75.72 
February -._.-.-. 77.76 82.13 79.94 72.52 72.00 79.00 75.63 83.36 81.28 73.69 
arch -__.-... 84.67 87.44 86. 78.07 74.00 84.00 7.50 85.43 81.87 14.27 
April. - 88.00 91.00 89.50 81.19 80.00 85.00 82.80 91.27 54 15.19 
ME 87.50 90.50 89.00 80.74 80.00 86.00 83.88 91.91 84.88 11.00 
June _- .63 86.63 85.13 77.22 76.00 85.00 81.63 89.98 83.00 75.80 
July ----.... 79.44 82.67 81.05 78.58 76.00 82.00 79.00 87.08 76.49 
ls 73.00 78.00 5 68.49 76.00 82.00 79.00 87.08 77,76 70 
September .... 77.44 81.22 79.38 71.97 3.00 88.00 77.60 85.54 78.48 71.20 
October -....- 8.88 81.63 80.00 12.51 73.00 75.00 74.00 81.57 80.08 72.65 
November. 70.11 74.78 72.44 65.72 64.00 76.00 71.00 78.26 77.09 69.98 
December ..... 68.25 12.88 70.56 64.01 63.00 14.00 68.60 15.62 18.84 66.99 


1Low and high prices are reported semiweekly. Monthly averages are arithmetic averages of semiweekly low and high 
rices. The average price per metric ton unit of WOs, which is an average of all semiweekly low and high prices, was 
$80.67 for 1983. The average equivalent price per short ton unit of WOs was $78.18 for 1983. 

*Low and high prices are reported weekly. Monthly averages are arithmetic averages of weekly low and high prices. 
The average price per short ton unit of WO», which is an average of all weekly low and high prices, excluding duty, was 
$77. 05 for 1983. The average equivalent price per metric ton unit of WOs was $84.93 for 1988. 

Weighted average price per metric ton unit of WOs was $80.19 for 1988. The equivalent weighted average price per 
Short ton unit of WOs was $72.75 for 1988. 


FOREIGN TRADE 


Exports of tungsten in concentrate and decreased 24% from 5,372 tons in 1982 to 
primary products decreased 53% from 2,018 — 4,091 tons in 1983. 
tons in 1982 to 953 tons in 1983. Imports 


Table 8.—U.S. exports of tungsten ore and concentrate, by country 


1982 1983 
Country en Value e sire Value 
(metric tel (metric eren 
tons) ea tons) SEN 
Po pium Luxembourg EE 39 $325 ets EL 
Bóla uacuum euh REIR EE 1 9 22 Sa 
Canada- -c ee a eas ha ee P da a i 5 72 (1) $3 
Germany, Federal Republic of ___________________ ~______ 225 2,672 

Netherlands- === Sa e lo 35 300 Se ERE 
Saudi Arabia eebe e (1) 1 
AAA du LL S ii e iE ee E (1) 6 "E xu 
Venezúela- o uu Ee (1) 3 m "" 
Total. oct co eS OR Lu oO em EI AL a 305 3,387 1 11 


1Less than 1/2 unit. 
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Table 9.—U.S. exports of ammonium paratungstate, by country 


1982 1983 
Gross Tungsten Gross Tungsten 
Country ie AR content E Meer content! Mate 
metric metric metric (metric 
tons) tons) sands) tons) tons) sands) 
Australia .... 2c l cos o. (3) (3) $1 (2) (2) (2) 
id EE M EN Box (2) (2) $2 
France. oo ooo ooo ooo 2 1 8 2 12 
Germany, Federal Republic of _______ (3) (2) 7 6 4 44 
Israel _____§_________________ (2) (2) 1 " n ME 
Korea, Republic of... E Kë Sé (2) (2) 3 
d'V a a rcs ao ceo 2 1 17 8 6 61 
1Tungsten content estimated by multiplying gross weight by 0.7066. 
2Less than 1/2 unit. 
Table 10.—U.S. exports of tungsten carbide powder, by country 
1982 1983 
Tungsten Tun n 
Country Content Value bri ien Value 
(metric Gegen (metric eer 
tons) tons) san 
Árgent TEE 15 $477 5 $143 
Australid x5. oe tl tS ee ee ei a 1 26 (1) 2 
AUBLTIB da eee eie 23 513 19 505 
Belgium-Luxembourg_ - - - - - - -- ----------------————- 1 60 4 146 
Brazil A A ek ts A 5 239 10 258 
a AMA Ss Le age UE Mone 78 2,303 113 2,771 
Finland EE (1) 1 5 63 
France A A (2 2 5 126 
Germany, Federal Republic of. - - - - - - - -------------—-—- 197 3,336 33 798 
Ua aa EE EE 3 167 
Ireland. 22 ocn o aia dt dee Sc TN 2 491 
lsrael AAA eov no M nome e 8 58 (1) 1 
CARR CA AMAN 20 906 19 796 
TE EE 79 1,860 16 504 
1 AAA 20 906 9 378 
Netherlands `. 6 409 7 402 
O MEUM IA AA (1) 4 2 30 
oie WE A AAA A 30 618 a Le 
SINAPU -vesn Sa a o T 203 3 47 
South A Africa, Republic of- ai li us 2 91 2 37 
SWedeh 2 a c cuc a E 1 16 2 41 
United Kingdom- coco. 55 1,801 67 1,432 
Venezuela: pon pi LU ML Lee e EL 1 32 2 56 
A A A 1 88 2 83 
TOA 2 en EE 551 14,059 330 9,217 


1Less than 1/2 unit. 
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Table 11.—U.S. exports of tungsten and tungsten alloy powder, by country 


1982 
Gross Tungsten 
Country weight coment Mäe 
(metric (metric BAD 
tons) tons 

Bragi. outta ci zl 1 1 $33 
Cañada <td a ad 13 10 402 
Finland _____________________ 10 8 239 
PYANCC o il a es (3) (3) 1 
Germany, Federal Republic of |... _ 79 63 2,176 
TV e AAA A AA 496 396 11,258 
Italy 2 a E eeh (2) (2) 2 
AAA a 27 22 840 
Korea, Republic of. ______________ 4 3 137 
Neger 14 11 305 
Netherlands ` 2... 91 73 1,544 
Singapore- - - ---------------———- 1 1 10 
Sweden _____________-______- (2) (2) 12 
Switzerland. 1 1 47 
Türkev. -— nd ee ee ess M Les A 
United Kingdom. _______________ 14 12 194 
Other uva mI Lebanese 1 1 39 

Total: nia tao ee 752 602 17,239 


1Tungsten content estimated by multiplying gross weight by 0.80. 
2Less than 1/2 unit. 


445 


356 


Table 12.—U.S. exports of miscellaneous tungsten-bearing materials 


Product and country eet 
(metric 
tons) 
Tungsten and tungsten alloy wire: 

IHZI..— ce 5 en 9 
SI uno eec ce A AE ute Eu tee 18 
Fran- c2 cou e ULL AP EE 2 
Germany: Federal Republic of. 4 
Id. o EE 2 
ER EE 2 
SEL EE 6 
Korea: Repubhc Of acta ee (1) 
E e EE 4 
Se so co A veep M EM E (1) 
ere ee CAE 4 
United Kingdom 2:22 2 ee 20 me a 2 
Venezuela o ea gt E Rm M ee (1) 
Other sour E Lei IA IN ce a EAM. 3 

Ota) WEE 56 
Unwrought tungsten and alloy in crude form, waste, and scrap 

USA ENERO a she a EES 21 
Belgium-Luxembourg __ ___________________________ 6 
a AS IAS E 
CR none eur m bi P eM ee een te a LA xn 22 
Germany, Federal Republic of __ _ _____________________ Ge 

EE : 
A A ES A A a a e 11 
Mexica es a mum Ru De LL Pere ci 1 
South Africa, Republic of _-____--___ ooo 4 
SWeden. c ias 41 
Due EEN E 

d Ke d MERE CK PIT 309 

See footnotes at end of table. 


1982 


Value 
(thou- 
sands) 


Gross 
weight 
(metric 

tons) 


kee 


de >» G2 43 Mi fas ke GD) O = es bi CO CH 
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Table 12.—U.S. exports of miscellaneous tungsten-bearing materials —Continued 


1982 1983 
Product and country SE Value monet Value 
(metric (thou- (metric (thou- 
tons) sands) tons) sands) 
Other tungsten metal: 

KT, TT EE 2 $240 1 $90 
RT TEE EE 5 65 d SS 
Cinsi -canun a E A E R 21 1,571 24 1,286 

ETA ANA A EEN 5 587 3 408 
Germany. Federal Republic "T OPERE INDEM RES EE 43 1,549 18 749 
RAI A A 5 858 4 .298 
NRW Tg 71,182 11 1,447 
EE 12 614 5 826 
A A naaa a IO) "23 (1) 4 
Y AA AA oe te 2 49 M = 
Bwiteerland.26 a ee ee e 8 458 b 238 
United Kingdom === - - - - -- =- is eius 81 1,882 9 848 
AI AAA AAA AITOR 17 889 8 721 
TOA). a a 159 9,857 88 6,860 
Other t n compounds 
Aula ENS Se EEN 1 22 1 11 
FT hg TEE 2 88 a MM 
ee Kee (1) 21 196 
Kee 2 109 12 141 
EE 73 791 7 264 
Fran PA A 4 114 8 101 
Germany, Federal Republic of - - - - - - - -- - =- ------~-----—- 27 758 7 175 
Hong Kong E (1) 1 15 
O AAA AAA A PA 1 81 1 26 
7 Y EA AAA E AAA ER 20 384 11 492 
lg EEN 1 88 1 50 
EE 8 259 11 188 
Korea, e AE OE c A ED EL (1) 14 6 27 
MEXICO. ee a ti Se a menu ee AL 7 209 6 182 
N stheriandi EE E AA A ate eae A si ck dr san 

IDBODOIS se eee ee ee oia 
Cis ee UAE ICE e A dë 

ni OM ————— meu MI A Qe QE 
3 A O 2 74 2 84 

Tot] 2 rs A AE AA 407 3,686 205 2,698 
"Revised. 
1Less than 1/2 unit. 


Table 13.—U.S. imports for consumption of tungsten ore and concentrate, by country 


Country 


1Data do not add to total shown because of independent rounding. 


1982 


146,748 
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Table 14.—U.S. imports for consumption of ammonium paratungstate, by country 


1982 1983 
Country Nesen Value oe Value 
(metric sa (metric or 
tons) tons) ae 
dente ee be ee ees eee 26 $422 73 $942 
oe EE EE 2 12 

CMM TE EE EE 427 7,109 174 2,524 
ee Ce ri eet A ph CNN ye MEO UNS 87 1,873 52 921 
Kone ublic of ——————r— ee 219 8,929 431 5,011 
South Africa, Republic Of occiso e Se 17 252 
United Kingdom- 222-2 2-2 22222222222 22--2 PR T 3 18 
gv d VE 759 13,333 762 9,804 


Table 15.—U.S. imports for consumption of ferrotungsten, by country 


1982 1988 
Country . Tungsten Value Tungen Value 
(metric o (metric ect 
tons) tons) 

autre EEN 11 $198 25 $295 
de EE EE 7 185 SH Ka 

Gorman , Federal Republic of- A A A 8 17 T a 
IAE EE 43 147 19 257 
gortugs A OE EE ane ul 4 52 
United Kingdom... -------- 2-222222 222.222-2-2 b 70 POM ms 
TE OCR ace ee NET -— A O 69 1,222 48 604 


1982 1983 
Product and country euer Mag pee ai Mackie 
(metric Vie? (metric Wiel 
tons) tons) sands) 
Other metal-bearing materials in chief value of tungsten: 

OGG. 5 A en ee eire x (1) $3 
BPrHHOB-. 6 au oue Es E e denuo ee 2 $17 ei TRA 
United Kingdom- - - - - -- ---------------—---—---——-— SE ee 6 

Toa EE 2 17 6 26 

Waste and scrap containing not over 50% tungsten 
nited Edom. ue oe A IE M ere 1 26 
EE 1 15 (1) 4 
Totali cs s cci a E iet E 1 15 1 30 
Waste and scrap containing over 50% tungsten: 

TEE 2 20 = Sa 
Belgium-Luxembourg. - - - - - - ------------------——- 4 62 2 M 
A TEE 28 314 19 167 
CHING Loma caia rl le ee ee re neh a 8 174 ee 2M 
Finland. Lol secs ure o A E Rig Eo A e 1 32 
o AAA EE 7 119 7 49 

Germany, Federal Republic of. - - 47 772 26 
IV) MERCREDI TEN 298 3,831 218 2,191 
Italy uou a eL EA Lu ME 11 178 T Wu" 
TAN Go a cu i s ei Ax E i Ne terius 135 2,254 18 254 
Korea, Republic of. - - --- ---------------------——- 15 321 Cie: i 
Mexico... ee rette E 1 7 5 44 
Netherlands —Ó——Ó——— 58 645 157 994 
IDgaBDOre. o a lenin o ee 36 789 31 696 
SWéderc=os tame ee ee ee a 5 73 22 168 
United Kingdom- - - — —— oe ae a e 108 1,566 89 766 
YugOSIBVIB Luo o e ccu eL E ee LL 2 29 ES E 
Total Ln i tur rece 165 11,154 593 6,245 


See footnotes at end of table. 
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Table 16.—U.S. imports for consumption of miscellaneous tungsten-bearing materials 
—Continued 


Product and country 


Cougar tungsten, except alloys, in lumps, grains, and powders: 


ina 


Germany, So ee n MEE Bat le PT RENS 


Korea, Republic o 


Other 2 <= e a a a ee 


OLA x csl et e a a do eL o ai ia UE 


Eet eebe 


Austria 


Singapore. -——----—— ee ee eee MEE 
Switzerland o ns ee es 
United Kingdom- ooo 
ear oe is POOR A A ES 


otal REESE SERERE a a ye ts Sie ie ee ot 
Tungstc acid- cons eh oe a ds 


T 


Calcium tungstate: 


Germany, Federal Republic of- `. 
United Kingdom... - - -- ---------------—-——— 


Tungsten carbide: 


Austria A annn 


Belgium-Luxembourg 
Canada 
China 


r 


1Less than 1/2 unit. 
2Estimated from reported gross weight. 


— a = q mm mm me em e wem ` en zem zm e pen ege gn e em e ze re ` mp me me en ze zer ze —À — 


1982 1983 
Tungsten Tungsten 
content Meis content Mam 
(metric ) (metric ds) 
tons) mn tons) san 
T) "$8 3 $70 
60 1,341 9 240 
162 3,868 25 485 
5 135 3 92 
227 15,952 40 887 
() 1 (1) 1 
9 331 Ne zu 
(7) 5 (1) 3 
9 336 (A) 3 
1 14 4 134 
32 810 30 679 
(1) 1 11 246 
1 76 3 121 
34 901 48 1,180 
7 484 6 424 
5 66 (1) - 1 
See ETE (!) 18 
1 32 2 146 
6 1,318 9 1,174 
2 192 (7) 95 
(7) (7) FEM nS 
A 2 1 29 
1 72 1 62 
(1) 89 3 124 
22 2,255 22 2,073 
(1) 11 (1) 7 
12 622 269 
3) 1 - tne 
12 623 6 269 
(1) 17 SE Se 
109 (7) 3 
3 m 1 7 
T 109 1 10 
(1) 5 2 45 
17 575 23 115 
1 32 2 62 
28 642 3 16 
219 7,150 177 3,356 
30 768 15 274 
1 42 7 111 
3 67 zs mum 
3 109 2 45 
362 9,390 231 4,684 
332 4,597 64 544 
2 57 2 44 
334 4,654 66 588 
5 137 cee PEN 
72 "66 ] 17 
7 203 1 17 
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Table 17.—U.S. import duties on tungsten 


TSU | ite Rate of duty effective Jan. 1, 1983 
. m 
No. Most favored nation (MFN) Non-MFN 
601.54 Tungsten ore ooo 17 cents per pound on 50 cents per pound on 
tungsten content. tungsten content. 
603.45 Other metal-bearing materials 10 cents per pound on 60 cents per pound on 
in chief value of tungsten. tungsten content and tungsten content and 
4.8% ad valorem. 40% ad valorem. 
606.48 Ferrotungsten and ferrosilicon tungsten _ _ _ 8.2% ad valorem. ------ 35% ad valorem. 
629.25 Waste and scrap containing by weight 6.3% ad valorem- - ----- 50% ad valorem. 
not over 50% tungsten. 
629.26 Waste and scrap containing by weight 4.2% ad valorem- ------ Do. 
over 50% tungsten. 
629.28 Unwrought tungsten, except alloys, 9 cents per pound on 58% ad valorem. 
in lumps, grains, and powders. tungsten content and 
12.5% ad valorem. 
629.29 Unwrought tungsten, ingots, and shot_ _ _ _ _ 9% ad valorem__---_--- 50% ad valorem. 
629.30 Unwrought tungsten, other -_________-_ 10.5% ad valorem .. __ 60% ad valorem. 
629.32 Unwrought tungsten, alloys, containing 5.9% ad valorem. ------ 35.5% ad valorem. 
by weight not over 50% tungsten. 
629.33 Unwrought tungsten, alloys, containing 10.5% ad valorem _ ___ __ 60% ad valorem. 
by weight over 50% tungsten. 
629.35 Wrought tungsten______________-__-_ 9.5% ad valorem- ------ ; 
416.40 Tungsticacid.. ----------------—— 12.8% ad valorem . _ __ 55% ad valorem. 
417.40 Ammonium tungstate ______________ 11.7% ad valorem _ ____-_ 49.5% ad valorem. 
418.30 Calcium tungstate_______________-_- 10.7% ad valorem _ ----—- 43.5% ad valorem. 
420.32 Potassium tungstate ____________~_-_-_ 17.5% ad valorem ------ 50.5% ad valorem. 
421.56 Sodium tungstate _____________--_~- 11.4% ad valorem _-__--- 46.5% ad valorem. 
422.40 Tungsten carbide -__-------oio 12.5% ad valorem _ ___ __ 55.5% ad valorem. 
422.42 Other tungsten compounds ----------- 11% ad valorem -__---- 45.5% ad valorem. 
423.92 Mixtures of two or more inorganic Ee, Ah on Ste eee Do. 
compounds in chief value of tungsten. 


WORLD REVIEW 


A meeting was held in Geneva, Switzer- 
land, during December by the Committee 
on Tungsten (COT) of the United Nations 
Conference on Trade and Development 
(UNCTAD) in an effort to resolve a 20-year 
deadlock between producing and consuming 
countries concerning the stabilization of the 
world tungsten market. No agreement was 
reached by COT, but it recommended that 
another meeting be convened in 1984 and 
requested the UNCTAD Secretariat to pre- 
pare papers concerning the establishment 
of a proposed sessional working group, and 
expansion and improvement of the quarter- 
ly bulletin, Tungsten Statistics. 

Bolivia.—The Anschutz Mining Corp. 
through its subsidiary, Churquini Enter- 
prises Inc., was developing a major mine in 
a large tungsten deposit, the El Chicote 
Grande, about 240 kilometers southeast of 
La Paz. The only production at this site in 
1983 was from a small rehabilitated vintage 
mill with a capacity of about 20 tons of 
concentrate per month. By yearend, further 
development of the mine and a new 1,000- 
ton-per-day mill had been discontinued un- 
til world tungsten market prices improve. 

Canada.—The mine and mill operated by 
Canada Tungsten Mining Corp. Ltd. at 
Tungsten, Northwest Territories, normally 


the largest tungsten mine in the market 
economy countries, produced 280 tons of 
tungsten, a decrease of 90% from that of 
1982. The mine was closed from mid-Jan- 
uary through mid-November, and when op- 
erating it produced at a reduced rate. Re- 
covery was 81.7% from 36,000 tons of ore, 
grading 1.19% WO, At yearend, ore re- 
serves were reported by the company to 
contain 27,000 tons of tungsten? 

Limited concentrate production began in 
late 1983 at the Mount Pleasant tungsten- 
molybdenum mine, in Charlotte County, 
New Brunswick, and full production was 
expected to begin in early 1984. The joint 


- venture between Billiton Canada Ltd. and 


Brunswick Tin Mines Ltd. was expected to 
produce concentrate containing 1,500 tons 
of tungsten and 600 tons of molybdenite 
(MoS;) from a 2,000-ton-per-day mill. Min- 
able ore reserves were placed at 25,000 tons 
of tungsten in ore, grading 0.39% WO; and 
0.204% MoS&. 

At yearend, AMAX, through its subsid- 
iary, AMAX of Canada Ltd., delayed devel- 
opment of the MacTung tungsten deposit 
near MacMillan Pass along the Yukon- 
Northwest Territories boundary until world 
tungsten market conditions improved. The 
target date for production from a 900-ton- 


900 


per-day mine-mill complex was late in 1987 
or later. Reserves were placed at 57 million 
tons of ore, grading 0.95% WO; or 430,000 
tons of tungsten, the largest known deposit 
in the market economy countries. 

United Kingdom.—AMAX Exploration of 


U.K. Inc. and Hemerdon Mining and Smelt- : 


ing (U.K.) Ltd. planned to construct a 
tungsten-tin mine and mill near Plymouth, 
Devon County. The expected annual capaci- 
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ty was 2,000 tons of tungsten in concentrate 
and 400 tons of tin. The opéning date was 
delayed beyond 1987 and was dependent on 
Government approval and favorable eco- 
nomic conditions. Minable ore reserves 
were placed at 60,000 tons of tungsten. 


1Physical scientist, Division of Ferrous Metals. 
2Canada Tungsten Mining Corp. Ltd. 1983 Annual 
Report. 16 pp. - 


Table 18.—Tungsten: World concentrate production, by country! 
(Metric tons of contained tungsten? 


EELER 
A A A aa 
Austria sd o e a e aa ás 


Ching retos uh ee es c een Lip i lts as la 


pan 
Korea, Northf ______________________-__ 
Malaysia ee es perce 


ted States_ _——-------------------——— 


Estimated. Preliminary. "Revised. 
1Table includes data available through June 27, 1984. 


1979 1980 1981 1982P? 1983* 
74 44 12 17 17 
3,193 "3,575 3,517 2,618 32,060 
1,496 72,150 1,435 1,714 31,117 
2,410 2,132 2,119 2,534 2,400 
933 876 1,248 1,100 1,200 
692 823 825 844 3930 
2,597 3,179 1,993 2,842 3327 
13,100 15,000 13,500 12,500 12,500 
80 80 50 50 50 
590 517 591 121 700 
18 22 18 25 20 
146 668 667 640 3488 
2,150 2,200 2,200 2,200 500 
2,118 2,737 2,739 2,420 32,293 
14 35 43 31 
252 266 263 99 90 
165 150 aioe >E de 
85 4 10 7 5 
564 549 521 688 120 
71,377 1,568 1,395 1,858 1,360 
505 431 354 ¢ 409 3292 
394 446 437 545 550 
371 327 371 275 300 
1,826 1,615 1,209 855 3562 
56 96 153 “150 170 
20 20 20 20 20 
8,700 8,700 8,850 9,000 9,100 
66 70 70 ($) aa 
3,013 2,154 3,605 1,521 3980 
210 134 89 14 15 
110 90 55 30 25 
748,593 751,897 49,011 45,305 38,882 


2Conversion factors: WOs to W, multiply by 0.7981; 60% WOs to W, multiply by 0.4758. 


Reported figure. 
*Revised to zero. 
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Table 19.—Tungsten: World concentrate consumption, by country: 


(Metric tons of contained tungsten) 


Country? 1980 
Reported consumption: 
Australi rss ta sa 76 
RT AT a tps fe a e d 2,597 
Canada L -2-2-2-2 300 
Franee oe ees ee he a ED 841 
DTN EEGEN 2,931 
Korea, Republic of ooo 1,434 
EE 40 
Etgen Eeer 206 
EE EE 2,155 
United Kingdom -- - - -------------------—-——---——- 1,462 
United States. a a o ss 9,268 
Apparent consumption:* 

Argentina ee ee eek ee ee eie es 19 
Belgium-Luxembourg - - -------------------—-----——- €100 
Braüril e ee Dee geen 556 
CHINA cama a ia eas aero ENEE 4,500 
Czechoslovakiat? _~____________________________ Le 1,300 
German Democratic Republic |... EE EE 270 
Germany, Federal Republic of - - - - - -----------------—- 1,499 
Hungar EE 600 
Indi EES 299 
ere ee 90 
Korea, North? ? ____________________-____ eet 1,600 
Netherlands __________________________ 400 
Poland A A A AN 895 
South Africa, Republic off -------------------------- 250 
EE i he a ate EE 137 
USSR EE 13,800 

Di da diablo a r47.625 

*Estimated. Preliminary. "Revised. 


1981 


1982° 


901 


1983* 3 


1Source, unless otherwise specitied, is the Quarterly Bulletin of the UNCTAD Committee on Tungsten: Tungsten 


Statistics. V. 18, No. 1, Jan. 1 


2In addition to the countries listed, Bulgaria, Denmark, Finland, Israel, Norway, Romania, Switzerland, and 


Yugoslavia may consume tungsten concentrate, 


information is inadequate to permit formulation of reliable estimates of consumption levels. 


3S Estimated by U.S. Bureau of Mines. 


but consumption levels are not reported, and available general 


*Production plus imports minus exports. For a few countries where data were available, variations in stocks were used 


in determining consumption. 
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Vanadium 


By Peter H. Kuck? 


The world vanadium industry in 1983 
remained depressed for the second year in a 
row. Consumption of vanadium was ex- 
tremely weak during the first half of the 
year as a result of the general world reces- 
sion but showed signs of improvement dur- 
ing the second half. Producers of vanadium 
oxides in the Republic of South Africa and 
the United States were forced to cut back 
production, lay off workers, and place some 
processing plants on standby. Production of 
vanadium oxides and slags by the market 
economy countries was the lowest since 
1970. At conversion plants in Western Eu- 
rope and North America, stocks of ferrova- 
nadium and related vanadium-carbon fer- 
roalloys, built to excessive levels between 
1980 and 1982, gradually began to diminish 
in the fourth quarter. Stocks of ferrovana- 


dium held by steel plants, foundries, and 
other consumers were kept at dangerously 
low levels in order to conserve cash. 

In the United States, ferrovanadium con- 
sumption was the lowest since 1963 because 
of continuing sluggishness in the automo- 


tive, machinery, and construction indus- 


tries during the first half of 1983. However, 
consumption began to improve during the 
fourth quarter as production of automobiles 
and appliances increased. Excess stocks of 
line pipe and oil country tubular goods, in 
which vanadium is an alloying element, 
continued to dampen sales of ferrovana- 
dium to several steel plants. Although raw 
steel production in the United States was 
13% greater than that of 1982, production 
of high strength, low alloy (HSLA) and full 
alloy steels, the major uses of vanadium, 


Table 1.—Salient vanadium statistics 
(Short tons of contained vanadium unless otherwise specified) 


United States: 
Production: 
Ore and concentrate: 


9, 
ECH EES thousands__ $73,892 


Vanadium oxides recovered from petroleum residue?_ _ _ 
Consumption- - EE 


Exports: 
Ferrovanadium (gross weight) 


Imports (general): 


Ferrovanadium (gross weight)_______________ 
Ores, slags, residues___§ __§________________ 
Vanadium pentoxide, anhydride --_---------- 
World: Production from ores, concentrates, slags ___ _ _ _ _ _ 


Ore and concentrate ____________________ 
Vanadium pentoxide, anhydride (gross weight) _ _ _ _ 
Other compounds (gross weight) |. 


1979 1980 1981 1982 1983 

TM 520 4,806 5,126 4,098 2,171 
$64,970 $71,496 $52,577 $30,675 

SN 5,158 5,506 6,368 4,867 2,433 
1,617 1,520 1,900 1,513 893 

Ges 6,719 6,139 6,863 3,496 3,277 
-— 880 803 435 326 115 
ae 101 46 .96 57 59 
MES 630 724 346 1,582 2,648 
e 316 190 61 361 95 
NES 138 328 1,236 855 846 
EN 2,442 1,786 2,435 1,112 58 
ee 907 856 354 129 408 
Se 37,311 38,281 38,778 P35,898 “30,087 


“Estimated. 


PPreliminary. 


1Recoverable vanadium contained in uranium and vanadium ores and concentrates received at mills, plus vanadium 
recovered from ferrophosphorus derived from domestic phosphate rock. 

2Produced directly from all domestic ores and ferrophosphorus; includes metavanadates. 

*Includes vanadium recovered from ashes and spent catalysts. 
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remained severely depressed. Continuing 
weak orders for commercial aircraft and 
industrial equipment fabricated from tita- 
nium alloys led to a stagnant market for 
vanadium-aluminum master alloys. 

Vanadium oxide producers in the United 
States curtailed byproduct extraction oper- 
ations in an attempt to draw down excessive 
oxide stocks built up in 1980 and 1981. At 
yearend 1983, six of the nine domestic 
facilities that had recovered vanadium ox- 
ides in 1981 were shut down. The remaining 
three were operating at less than 50% of 
capacity. i 

Vanadium extraction operations in the 
Republic of South Africa were sharply cur- 
tailed in May, and production remained at a 
low level for the rest of the year because of 
the depressed spot price of vanadium pent- 
oxide (V;O,). Mining and extraction oper- 
ations in Finland continued at a loss, forc- 
ing management to consider phasing out 
the industry in that country. 

Domestic Data Coverage.—Domestic pro- 
duction data for vanadium are developed by 
the Bureau of Mines from four voluntary 
surveys of U.S. mills and processing facili- 
ties. All 20 of the plants or mills canvassed 
in 1983 responded. Supplemental informa- 
tion was provided by two power-generating 
stations. Data on uranium-vanadium min- 
ing operations are obtained from an inde- 
pendent survey conducted by the U.S. De- 
partment of Energy (DOE). More than 55 
mines in the United States reported produc- 
tion or shipments of vanadium-bearing ores 
in 1982. , 

Legislation and Government Pro- 
grams.—For the first time in 23 years, the 
General Services Administration (GSA) 
took steps to upgrade and increase the 
stocks of vanadium materials held in the 
National Defense Stockpile. The National 
Defense Stockpile goals of 1,000 short tons 
of vanadium contained in ferrovanadium 
and 7,700 tons of vanadium contained in 
vanadium pentoxide remained in effect 
throughout the year. These goals were 
established by GSA on May 1, 1980. As of 
December 31, 1983, U.S. Government inven- 
tories consisted of 541 tons of contained 
vanadium in the form of vanadium pentox- 
ide and 2 tons of vanadium metal. 

On September 21, Gulf Chemical & Met- 
allurgical Co. was awarded a contract to 
supply GSA with 362,000 pounds of vana- 
dium pentoxide in material meeting grade 
A purchase specifications. Grade A material 
must contain at least 98.0% V4,O; by weight 
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on a dry basis and have a total alkali 
content of less than 0.75%. The vanadium 
pentoxide was to be stockpiled in 55-gallon 
steel drums at the Somerville Depot near 
Royce, NJ. Gulf Chemical & Metallurgical, 
a subsidiary of Associated Metals & Miner- 
als Corp., won the award with a low bid of 
$2.32 per pound of V.0;. The company 
operated a plant at Freeport, TX, that 
reportedly could recover more than 1,500 
tons of vanadium pentoxide per year from 
spent catalysts. 

The Grand Junction Area Office of DOE 
has responsibility for the long-term stabili- 
zation of uranium mill tailings sites and 
the administration of Government-leased 
uranium-vanadium properties on the Colo- 
rado Plateau. On July 31, the Grand Junc- 
tion office underwent a major reduction in 
force. The personnel cutbacks were the 
result of completion of the National Urani- 
um Resource Evaluation (NURE) archiving 
program and reduced Federal funding for 
uranium resource assessment. Bendix Field ` 
Engineering Corp., the operating contractor 
for the Grand Junction facility, gave termi- 
nation notices to 130 employees involved in 
the NURE program. Approximately 180 
employees were retained to support ongoing 
DOE functions. 

On October 7, the Environmental Protec- 
tion Agency (EPA) published new rules 
dealing with the stabilization and long-term 
control of mill tailings at uranium-vana- 
dium processing sites? The new rules, 
which took effect on December 6, are ex- 
pected to influence future operations at all 
four of the currently licensed uranium- 
vanadium mills on the Colorado Plateau. In 
some cases, mill operators will be required 
to install plastic liners or other protective 
barriers under their tailings piles in order 
to prevent uranium, its radioactive daugh- 
ter products, and nonradioactive toxic sub- 
stances such as selenium from contaminat- 
ing underground water sources. Each tail- 
ings pile will be required to have an earthen 
cover to minimize radon emissions and 
prevent erosion of the sand-like wastes by 
wind and rain. The rules would also limit 
radon release from the surface of the pile to 
20 picocuries per square meter per second. 

On October 19, DOE announced that it 
would move the radioactive tailings at the 
site of the old Vitro Corp. of America 
uranium-vanadium mill in South Salt Lake, 
UT, to a remote area in western Tooele 
County. The tailings were produced be- 
tween 1951 and 1964 when Vitro processed 
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1.7 million tons of uranium ore for the 
Atomic Energy Commission. The removal 
cost is expected to be in excess of $60 mil- 
lion. At least 19 other mill sites in the 
Western United States will eventually re- 
quire similar remedial action. 

For 7 years the Bureau of Mines has been 
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conducting uranium-vanadium tailings sta- 
bilization studies at Union Carbide Corp.’s 
mill at Uravan, CO. The research project 
has involved testing the ability of different 
plant species to control surface erosion on a 
tailings pile protected by a covering of mine 
waste rock.® 


DOMESTIC PRODUCTION 


Domestic production, expressed in terms 
of recoverable vanadium, was at its lowest 
level since 1951 because of depressed de- 
mand for ferrovanadium by the hard- 
pressed U.S. and Canadian steel industries. 
Colorado was the leading producing State, 
followed by Utah and Idaho. In Colorado 
and Utah, vanadium was obtained as a 
coproduct from the mining of uraniferous 
sandstones on the Colorado Plateau. Most of 
these coproduct mining and milling oper- 
ations were unprofitable in 1983 because of 
the continuing weak price for yellowcake 
(U;0,). In Idaho, vanadium pentoxide was 
produced from vanadium-bearing ferrophos- 
phorus by Kerr-McGee Chemical Corp. at 
Soda Springs. The ferrophosphorus was a 
byproduct of nearby elemental phosphorus 
plants. 

In January, Energy Fuels Nuclear Inc. 
suspended processing operations at its 
White Mesa uranium-vanadium mill near 
Blanding, UT, because of weak demand for 
both uranium and vanadium. A month 
later, Energy Fuels and Union Carbide 
signed a preliminary agreement that even- 
tually led to joint ownership. The $40 mil- 
lion mill, which remained on standby for 
the rest of the year, normally employs 
about 150 workers and is one of the newer 
and more efficient uranium and vanadium 
extraction facilities in the United States. 

The vanadium mine and mill complex 
operated by Union Carbide at Hot Springs, 
AR, remained closed throughout the year. 
The company's other operations in Colorado 


and Utah were operated intermittently to. 


meet commitments for yellowcake made 
under long-term contracts with utilities. 
The Uravan mill in Montrose County, CO, 
operated at reduced capacity between July 
and November. About 140 employees are 
needed when the mill is in operation. Vana- 
dium pentoxide production at the compa- 
ny's Rifle plant in Garfield County followed 
the Uravan schedule because the bulk of its 
liquor feedstock comes from Uravan. The 
work force at Rifle was reduced from 30 to 
17 when production was halted on October 


31. At yearend, Union Carbide laid off about 
100 employees at its mines near Uravan 
and Egnar, CO, and in the La Sal area of 
Utah. The company retained about 20 em- 
ployees to operate its Deremo-Snyder Mine 
west of Egnar. 

Atlas Corp. continued to recover vana- 
dium and uranium at its Moab mill in 
Grand County, UT. Ore for the mill was 
obtained from three of the company's mines 
in San Juan County—the Pandora, the 
Velvet, and the Rim Columbus. The compa- 
ny's Snow and Probe Mines in Emery Coun- 
ty were kept on standby throughout the 
year. Atlas was also considering developing 
a new uranium-vanadium mine on the Bull- 
frog Claims, 10 miles north of Ticaboo in 
Garfield County. The deposit is located on 
Federal land along the southern flank of 
the Henry Mountains. The property was 
acquired from Exxon Minerals Co. in Au- 
gust 1982 and is now known as the Edward 
R. Farley, Jr. Project. Mine construction 
could begin in late 1984 if the feasibility 
study is positive and the necessary permits 
are granted in a timely manner. The Atlas 
claims are contiguous to those of Plateau 
Resources Ltd. Plateau Resources complet- 
ed construction of a 750-ton-per-day urani- 
um mill at Ticaboo in April 1982 and has 
two mines under development in nearby 
Shootaring Canyon. 

The MiVida uranium-vanadium mine in 
San Juan County was reopened by Rio 
Algom Corp. in late October 1983. The 
underground mine, located in the Monticel- 
lo district, is leased from Minerals West Inc. 
and owned by the county. Rio Algom has 
been trucking about 200 tons of ore per day 
to its Lisbon mill near La Sal. Only the 
uranium will be recovered because the Lis- 
bon mill does not have a vanadium solvent 
extraction circuit. 

Cotter Corp. kept the vanadium recovery 
circuit at its Canon City mill in Fremont 
County, CO, closed throughout 1983 but 
continued to ship vanadium pentoxide from 
stocks. Vanadium-poor uraninite ore from 
the company's Schwartzwalder Mine in Jef- 
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ferson County was being used as feed for the 
uranium circuit. In Mesa County, Rajah 
Ventures Ltd. operated both the Packrat 
Mine on Beaver Mesa and the October Mine 
in John Brown Canyon south of Gateway. 

In recent years, vanadium-bearing feed 
materials of foreign origin have included 
iron slags from Chile, China, and the Re- 
public of South Africa as well as utility 
ashes, spent catalysts from refineries, and a 
variety of petroleum residues. However, 
imports of these materials plummeted in 
1983. For the first time in 16 years there 
were no imports of vanadiferous slag. U.S. 
production from petroliferous materials to- 
taled 893 tons of contained vanadium, 41% 
less than the 1,513 tons for 1982. 

Vanadium oxide concentrates were pro- 
duced as a byproduct of the burning of 
Venezuelan and other Caribbean residual 
oils at a number of power-generating sta- 
tions in the Eastern United States. Long 
Island Lighting Co. recovered high-grade 
ash containing 794 tons of vanadium pent- 
oxide in 1983, compared with 773 tons in 
1982. The New York utility operated two 
oil-fired power stations in Suffolk County, 
one at Northport and the other at Port 
Jefferson. 

In December 1983, Phibro-Salomon Inc. 
agreed to sell its idle vanadium pentoxide 
extraction plant at Bartlesville, OK, to an 
investment group headed by the then cur- 
rent president of Phibro Resources Corp. 
Somex Ltd., a subsidiary of Phibro-Salomon, 
built the plant in 1979 to recover vanadium 
of petroleum origin from boiler ash, refin- 
ery residues, and spent refinery catalysts. 
The plant, which reportedly has an annual 
production capacity of 1,100 tons of contain- 
ed vanadium, had been closed since late 
1982 because of technological problems and 
plummeting demand for the strategic met- 
al. 

The near-depression conditions in the 
steel industry since 1981 have had a partic- 
ularly adverse effect on all six U.S. produc- 
ers of ferrovanadium and proprietary 
vanadium-iron-carbon additives. The do- 
mestic ferrovanadium industry was serious- 
ly affected in 1983 and underwent complete 
restructuring. Engelhard Corp., for exam- 
ple, halted operations at its ferrovanadium 
plant at Strasburg, VA. The company put 
both the conversion plant and the adjacent 
lime plant up for sale. The Strasburg plant, 
built in 1979, had been producing both 50% 
and 80% grades of ferrovanadium by alu- 
minothermic reduction. 

In February, The Pesses Co., a specialty 
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ferroalloys producer and scrap broker, was 
the subject of a petition by three of its 
creditors seeking involuntary liquidation of 
Pesses under Chapter 7 of the Federal 
Bankruptcy Code. Ashland Chemical Co. of 
Columbus, OH, was considering purchasing 
a portion of Pesses production facilities. In 
1982, Ashland expanded its foundry prod- 
ucts lines to include specialty metals and 
alloys. The company, a subsidiary of the 
Ashland Oil Co., installed a reduction fur- 
nace at its foundry products plant in Cleve- 
land. The new furnace was capable of pro- 
ducing ferrovanadium, high-purity ferro- 
columbium, and several other specialty fer- 
roalloys. Several executives of Pesses joined 
Ashland to help market the new products. 

The market for vanadium chemicals re- 
mained weak despite the relatively strong 
recovery shown by the U.S. chemical indus- 
try in the second half of 1983. Producers of 
primary vanadium chemicals included 
Foote Mineral Co., Cambridge, OH; Stauffer 
Chemical Co., Weston, MI; and Union Car- 
bide, Niagara Falls, NY. 


Table 2.—Mine production and recoverable 
vanadium of domestic origin produced in 
the United States 


(Short tons of contained vanadium) 


Mine Recover- 
Year produc- able 

tion! vanadium? 
1910 AN 5,841 5,520 
1980 A 5,832 4,806 
LC A A 5,852 5,126 
NOB! MEER 4,093 4,098 
1983 EA e re drm W 2,171 


5 W Withheld to avoid disclosing company proprietary 
ata. 

!Measured by receipts of uranium and vanadium ores 
and concentrates at mills, vanadium content. 

?Recoverable vanadium contained in uranium and vana- 
dium ores and concentrates received at mills, plus vana- 
dium recovered from ferrophosphorus derived from domes- 
tic phosphate rock. 


Table 3.—Production of vanadium oxides 


in the United States! 
(Short tons) 
Gross Oxide 

Year weight ^ content? 
KI ré AA AEN EE 10,338 10,279 
1980 ici at 10,048 9,829 
TIBIE onus ia EE 11,366 11,367 
¡AAN AAN NA 8,850 8,689 
1983 E lt et IN 4,590 4,344 


1Produced directly from all domestic ores and ferrophos- 
phorus; includes metavanadates. 
2Expressed as equivalent V205. 
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CONSUMPTION, USES, STOCKS 


Reported domestic consumption of vana- 
dium declined 6% in 1983 compared with 
that of 1982 and was lower than that of any 
year since 1963. The primary cause of the 
decline was a prolonged cutback in U.S. 
production of HSLA and full alloy steels. 
The steel industry as a whole showed an 
overall gain of 13% in raw steel output from 
the abysmal level of 1982, but the alloy 
sector continued to experience heavy im- 
port pressure and extremely weak demand. 

Approximately 84% of the vanadium was 
consumed by the iron and steel industry as 
ferrovanadium or related vanadium-carbon 
ferroalloys. This dependence on the strug- 
gling iron and steel industry continued to 
create a difficult marketing situation for 
the six domestic ferrovanadium producers. 
Fortunately, there was a deceleration in the 
sharp decline in consumption that occurred 
after 1981. Shipments of sheet steel and 
strip to the automotive industry and other 
consumer goods sectors were up 24.6%. 
However, increased demand for ferrovana- 
dium by producers of sheet steel, tool steel, 
and rails was more than offset by reduced 
consumption in line pipe and oil country 
goods. The temporary world oil surplus 
discouraged the petroleum industry from 
developing new high-cost oilfields, modern- 
izing existing refineries, and proceeding 
with expensive synfuels projects. Excess 
stocks of line pipe and oil country tubular 
goods further dampened sales of ferrovana- 
dium. 

During the year, the U.S. steel industry 
underwent a major restructuring in order 
to be more efficient and competitive with 
imported steel. United States Steel Corp., 
Bethlehem Steel Corp., and others embark- 
ed on major plant closure programs to 
reduce overcapacity. In the third quarter, 
Republic Steel Corp. and Jones & Laughlin 
Steel Corp. agreed to merge their facilities 
pending Government approval. Electroslag 
remelting furnaces and rotary forge facili- 
ties were placed in operation as part of the 
program to modernize the specialty steel 
sector. These changes were expected to have 
a positive effect on the long-term outlook 


for vanadium. 

Demand for vanadium in titanium alloys 
was slightly higher than that of 1982 owing 
to increased sales of military aircraft. The 
commercial aircraft market remained stag- 
nant because of the recession, airline com- 
petition, and a significant surplus of used 
aircraft. According to the Aerospace Indus- 
tries Association, the Boeing Co., Lockheed 
Corp., and McDonnell Douglas Corp. togeth- 
er shipped a total of 257 civil jet transport 
aircraft in 1983, compared with only 236 in 
1982 and 388 in 1981. Titanium-aluminum- 
vanadium alloy (Ti-6A1-4V), which has been 
used in jet engines, airframes, and other 
aircraft parts for more than two decades, 
accounted for more than one-half of the 
titanium-based alloy market in 1983. Two 
newer alloys,  titanium-vanadium-iron- 
aluminum (Ti-10V-2Fe-3A]) and titanium- 
vanadium-chromium-aluminum-tin (Ti-15V- 
3Cr-3A1-3Sn), were being extensively 
evaluated for the next generation of com- 
mercial airlines. Forgings of Ti-10V-2Fe-3A1 
have already been used in some components 
of the new Boeing 757 and 737-300 jetliners. 
Because of the gloomy near-term outlook 
for sales to the aerospace industry, North 
American titanium alloy producers met in 
December to develop a program aimed at 
promoting the sale of their products to the 
chemical processing industry and other po- 
tential consumers. Valves, tubing, tanks, 
and other components fabricated from tita- 
nium alloys are appealing because of their 
anticorrosion properties. | 

Consumption of ammonium metavana- 
date, granular pentoxide, and other vana- 
dium chemicals for catalysts remained 
weak but showed signs of improvement 
during the second half of the year when 
production of sulfuric acid, adipic acid, and 
maleic anhydride began to rebound. 

In addition to the consumers' stocks, pro- 
ducers' stocks of vanadium as fused oxide, 
precipitated oxide, vanadates, metal, alloys, 
and chemicals totaled 4,463 tons of contain- 
ed vanadium at yearend 1983, compared 
with 5,222 tons at yearend 1982. 
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Table 4.—Producers of vanadium alloys or metal in the United States in 1983 


Producer Plant location Product? 
Affiliated Metals and Minerals Inc —---------- New Castle, PA ____.__-_ FeV. 
Cabot Corp., Engineered Products Group... — Henderson, KY `. VAI and ZrVAl. 
¡EA ME e Rae) fe cu . Wenatchee, WA _______ Do. 
Engelhard Corp., Minerals € Chemicals Div |... Strasburg, VA -------- FeV. 
Foote Mineral Co., Ferroalloys Div. __________-~- Cambridge OH ` ~~ FeV and Ferovan.? 
Metallurg Inc., Shieldalloy CORD uoc ee Enn Newfield, NJ --------- FeV. , 
Pesses Co., "The ` Pulaski, PA FeV and VAI. 
Reading Alloys AR A A Robesonia, PA ________ Do. 
Teledyne Inc., Teledyne Wah Chang Albany Div _ _ ` Albany, OR- --------- V. 
Union Carbide Corp., Metals Div _—________---- Marietta, OH? Carvan? and Nitrovan.? 
| EE EEN Niagara Falls, NY A FeV and VAI. 


1FeV, ferrovanadium; V, vanadium metal; VAI, vanadium aluminum; ZrVAl, zirconium vanadium aluminum. 
2Registered trademarks for proprietary products. 
3Elkem Metals Co. has been toll converting vanadium oxide at Marietta for Union Carbide since 1981. 


Table 5.—U.S. consumption and consumer stocks of vanadium materials, by type 
(Short tons of contained vanadium) 


1982 1983 


Type — Consump- Ending Eid Ending 

tion Stocks tion - stocks 

Ferrovanadium! `... 2,995 280 2,741 313 
Oxide MA E A 29 14 24 10 
Ammonium metavanadate ______________-~--__---~~--~---- 6 1 3 1 
Other oa o a tds det e ias als fs 466 31 509 50 
Nc) EE 3,496 326 3,277 374 


1Includes other vanadium-iron-carbon alloys. 
nsists principally of vanadium-aluminum alloy, plus relatively small quantities of other vanadium alloys and 
vanadium metal. 


Table 6.—U.S. consumption of vanadium, by end use 
(Short tons of contained vanadium) 


End use 1983 
Steel: 
CERT EEN 577 
Stainless and heat-resisting ---- --—-------------------—-—-—-—-—-——-—————-———-—-—— 14 
LAKE 716 
High-strength, Jegen 966 
o AA AAA EE 426 
Lë TEE ae 
Tol EE 2,699 
Re EE EE 10 
Superalloy8 noc ti sec dud cL LL EE Lu UL O ae oe 14 
Alloys (excluding steels and superalloys): 
Cutting and wear-resistant materials _____________________i_ coo coo 1 
Welding and alloy hard-facing rods and materials... LL LLL Le 9 
NonferrouS alloys si a et og a i eA EEN Ru 505 
Eelere ee E pa d Ei. | 12 
Chemicals and ceramics: ' 
eC A a ——— ———— oe e des 19 
Others e Co A E LM A CA E AE LE EE W 
Miscellaneous and unspecified. __ - - - - - -- ------------—-———-—-——-———-——-———-———————-—— 8 
Grand EEN 3,277 


W Withheld to avoid disclosing company proprietary data; included with “Miscellaneous and unspecified.” 
1Includes magnetic alloys. 
2Includes pigments. 
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PRICES 


The Metals Week price quotation for 
domestic 98% fused vanadium pentoxide 
(metallurgical-grade) at the beginning of 
1983 was $3.35 to $3.65 per pound V20; f.o.b. 
mill. This price spread was established 
on May 15, 1981, and remained in effect 
throughout all of 1983. However, consider- 
able discounting of metallurgical-grade ma- 
terial occurred throughout the year because 
of the continuing slump in the production of 
HSLA and full alloy steels. 

On July 14, Highveld Steel and Vana- 
dium Corp. Ltd. decided to lower its list 
price from $2.40 to $2.30 per pound V20; 
c.i.f. for 98% minimum fused pentoxide 
from the Republic of South Africa. In West- 
ern Europe, the spot price for metallurgical- 
grade pentoxide gradually increased during 
the first half of the year from $1.20-$1.40 
per pound to $2.00-$2.10, a price level that 
= was still below the cost of production for 
most producers. Vanadium pentoxide prices 
. eventually stabilized at $2.00 to $2.05 in the 
fourth quarter of 1983 when China with- 
drew from the Western market. 

The Metals Week price spread for techni- 
cal air-dried vanadium pentoxide (chemical- 
grade) of $4.10 to $4.94 per pound was set on 
April 1, 1982, and remained unchanged 
throughout 1983. 

Domestic producers were forced to sus- 
pend their list prices for the common grades 


of ferrovanadium in mid-January because 
of stiff competition from importers and 
continuing cutbacks in consumption by 
steelmakers. The average U.S. Customs val- 
ue for ferrovanadium in January was only 
$4.31 per pound of contained vanadium, 
compared with $6.63 per pound at the 
beginning of 1982. U.S. producer quotations 
for the common grades of ferrovanadium 
ranged from $7.36 to $7.50 per pound imme- 
diately prior to the suspension. 

In mid-June, Foote Mineral, Shieldalloy 
Corp., and Union Carbide reinstated pub- 
lished prices for their ordinary grades of 
ferrovanadium in response to strengthening 
demand from the U.S. and Canadian steel 
industries. On June 21, "Ferovan," “Stand- 
ard Ferrovanadium," and “Carvan” were 
all listed at $5.50 per pound of contained 
vanadium. In related action, Union Carbide 
introduced its new “UCAR” grade of ferro- 
vanadium. The new product was priced at 


- $5.80 of contained vanadium,f.o.b. Niagara 


Falls, NY. The “UCAR” grade has a mini- 
mum vanadium content of 77%, a maxi- 
mum carbon content of 1%, and is recom- 
mended for low-carbon HSLA steels as a 
grain refiner. On October 1, Union Carbide 
raised the price of its "UCAR" grade to $6 
per pound. Two weeks later, Foote Mineral 
followed suit and matched Union Carbide's 
price for its equivalent 70% to 80% grade. 


FOREIGN TRADE 


U.S. exports of ferrovanadium more than 
doubled in 1983, halting a 4-year decline. 
Exports of ferrovanadium totaled 775 tons 
(gross weight), compared with 326 tons for 
1982. The average declared value for the 
ferrovanadium was $3.96 per pound of alloy, 
a 25% decrease from the $5.27 value for 
1982. Continued cutbacks in U.S. ferrovana- 
dium production forced domestic pentoxide 
producers to cultivate new customers in 
developing countries and to compete more 
aggressively in traditional overseas mar- 
kets such as Japan. Exports of vanadium 
pentoxide (anhydride) totaled 2,648 tons 
(gross weight) a 67% increase over the 
1,582 tons of 1982. 

A dramatic change in the vanadium im- 
port pattern occurred during 1983. Imports 
of vanadium pentoxide more than doubled, 
while imports of vanadium-bearing feed 
materials plummeted. Imports of ferrovana- 


dium, averaging 80.490 vanadium, were 
slightly less than those of 1982 but gained a 
greater share of an already depressed mar- 
ket. Canada regained its position as the 
leading supplier of ferrovanadium and 
accounted for 62% of the imports in terms 
of contained weight. Finland was the princi- 
pal source of imported pentoxide, with the 
Republic of South Africa a distant second. 
Vanadium pentoxide shipments from the 
Republic of South Africa have declined 
more than tenfold since 1978. 

Imports of vanadium contained in petro- 
leum residues totaled only 58 tons, compar- 
ed with 559 tons in 1982. All of the material 
came from refinery operations in the 
Netherlands Antilles. For the first time in 
16 years there were no imports of vanadif- 
erous iron slag from Highveld's Witbank 
steelworks in the Transvaal. The closure of 
the Phibro vanadium extraction plant in 
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Oklahoma and an oversupply of petroleum 
residues, utility ashes, and spent catalysts 
along the Atlantic seaboard discouraged the 
importation of vanadium-bearing petrole- 
um coke from Venezuela. 

Potassium vanadate imports amounted to 
118 tons (gross weight), of which 58 tons 
came from the Federal Republic of Ger- 
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many and 38 tons came from the Republic 
of South Africa. In addition, 20 tons of 
ammonium vanadate was received from the 
United Kingdom. Imports classified as 
"Other vanadium compounds" totaled 54 
tons (gross weight), of which 53 tons came 
from the United Kingdom. 


Table 7.—U.S. exports of vanadium in 1983, by country 
(Thousand pounds and thousand dollars) 


Vanadium compounds ` 
Ferrovanadium Deeg (gross weight) 
Country (gross weight) (vanadium content) Pentoxide Other? 
aet aa lc lucu (anhydride) i 

Quantity Value Quantity Value - ———— 

Quantity Value Quantity Value 

Argentina ------------—- 88 335 za Sieg 154 278 "S E 
Australia ______________ "-— a free S 96 224 (2) 2 
Austria o san SR m KM 220 281 Gott, zn 
Belgium-Luxembourg _ _ _ _ _ _ e Së M ne 1,109 1,470 (2) 1 
¡A = SH geg 158 438 (?) 1 
Canada________________ 237 1,276 m ae 567 532 17 45 
Chile. 22 Lern 3) 1 ur EM 17 34 84 158 
Colombia ______________ E oe M "x 9 17 ER MOS 
Costa Rica______________ ud KT m" o S EH (2) 5 
CYDFUB mue. ta ac ii da 9 40 2E = or D = a 
Denmark ` . . .....- B RON ae DME ee E 1 ] 
i eee dale polea a da 10 30 geg SE aoe See 2 E 
France... oo. A If i ms s € 23 123 
Germany, Federal Republic of _ _ ER E 61 114 563 560 (?) 2 
Guatemala _____________ KE SEN Se BS 1 2 p Se 
Indonesia `... 13 45 M Së 26 185 ae Da 
Israel- oce mL 15 62 SE pu p m "A Ri 
ItBly saaat oie ie ie TS c e UI (3) ] = Sees 
Japan uic 5e enun SG Se? B A 706 1,321 CH 2 
Korea, Republic of. 40 . 108 "e M 7 158 ae ios 
Malaysia - -----------—- 3 10 is "e c es 1 3 
Mexico________________ 16 54 132 265 16 45 
Netherlands ____________ eee Ss 56 159 560 780 15 42 
Netherlands Antilles _______ P Sc SEN x 40 54 SC SW 
New Zealand ____________ BE SEH? e on 30 71 M e 

Philippines `. _ 4 16 Ei ET 2 12 Se T 
Saudi Arabia ____________ SE Sa H = TS tas 27 31 
Singapore _____________~ em ors "E AE 9 19 (2) 1 
South Africa, Republic of _ _ _ _ 1 5 ES ef 69 112 8 
DPA oo a ico a = q "E es 89 154 Ls -— 
Sweden: --------------- 146 592 SE ES e RS (2) 2 
Switzerland -____________ 111 485 Se M = ET xu 
Taiwan________________ ES E Ee — 143 189 Se Met 
jr 22023 Sek e "NE TN 410 587 Sie a 
United Kingdom ... ------- (2) 1 m M 115 125 1 16 
Uruguay- E P za AN SN 3) 1 de es 
Venezuela... 857 3,091 SE ue (2) 1 - P 
Total. aoc 1,550 36,144 117 273 5,297 7,871 191 488 
lExcludes vanadates. 
"Less than 1/2 unit. 


3Data do not add to total shown because of independent rounding. 
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Table 8.—U.S. imports of ferrovanadium, by country 
(Thousand pounds and thousand dollars) 


1982 1983 
Country Gross Vanadium Gross Vanadium 
weight content Value weight content Value 
General imports: 
Aüstra oia its ee 112 87 512 282 230 947 
Belgium-Luxembourg `. o 712 547 3,185 223 178 823 
Brazil eege a a es ae Se Se E 14 3 18 
CT TE 499 400 2,531 1,042 838 3,970 
¡Eo AAA a ie ed ts s 21 126 e a oe 
Germany, Federal Republic of _________~- 214 170 1,032 116 91 424 
United Kingdom __________________ 146 120 708 26 21 77 
A A A A 1,710 1,344 8,094 1,693 1,362 6,259 
Imports for consumption: 
AUSLEIB A AN A ess 112 87 512 282 230 947 
Belgium-Luxembourg ______________ - 712 547 3,185 223 178 823 
Brazil secte mouere ee A elec da is TT et EUM 14 3 18 
CHE, VE 499 400 2,531 1,042 838 3,970 
France a eu ae Blan ee eL Re f ce ae 21 126 Dies SE T 
Germany, Federal Republic of __________ 214 170 1,032 116 91 424 
United Kingdom __________________ 140 115 679 26 21 77 
Total at. Estrela bes e E 1,704 1,339 8,065 1,693 1,362 6,259 
1Bureau of Mines interpretation of revised Census data. 
2Data may not add to totals shown because of independent rounding. 
Table 9.—U.S. imports of vanadium pentoxide (anhydride), by country 
1982 1983 
Country Gross Vanadium Gross Vanadium 
weight content Value weight content Value 
(pounds) (pounds) (pounds) (pounds) 
General imports: 

DON EEN E A te 99 55 $267 TE e a 
Finland EE 79,366 44,458 211,896 1,232,651 690,489 $2,070,043 
Germany, Federal Republic of _____ 6,614 3,705 22,895 400 224 1,833 
South Africa, Republic of `. 338,141 189,415 827,582 224,868 125,963 523,956 
United Kingdom_--_-_-_-___ 37,483 20,997 97,205 3 2 1,583 

Ke EE 461,703 258,630 1,159,845 1,457,922 816,678 2,597,415 
Imports for consumption: 
EG EEN 99 55 267 -— = — 
Finland fc. iore 79,366 44,458 211,896 1,232,651 690,489 2,070,043 
Germany, Federal Republic of |. _ _ _ 6,614 3,705 22,895 400 ' 224 1,833 
South Africa, Republicof |. . 300,662 168,421 130,682 112,434 62,982 289,147 
United Kingdom... . . .... 37,483 20,997 97,205 3 2 1,583 
TOLA ras a de idas esa irrita 424,224 237,636 1,062,945 1,345,488 753,697 2,362,606 
WORLD REVIEW 


Ferrovanadium consumption continued 
to weaken in Western Europe and Japan as 
a result of cutbacks in the production of 
structural steels, pipe, tubing, and steel 
components for making machinery and 
heavy equipment. Vanadium producers in 
market economy countries were particular- 
ly affected by the worldwide oil surplus, 
which continued to discourage sales of high- 
strength seamless tubes and other oil 
country goods that contain vanadium to 
strengthen the steel. Several low-cost pro- 


ducers of vanadium oxides and slags slashed 
production in an attempt to reduce the 
existing imbalance between supply and de- 
mand. Even the more efficient oxide produc- 
ers operated near the break-even point or at 
a loss. 

Australia.—Operations at the new Wun- 
dowie mine and mill complex in Western 
Australia remain suspended. Agnew Clough 
Ltd., the owner, continued to conduct proc- 
ess improvement studies at the mill in 
anticipation of a recovery in demand for 
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vanadium pentoxide and a subsequent in- 
crease in price. In 1981, the company proc- 
essed 30,720 tons of “caprock” ore, averag- 
ing 1.13% V4,O,.* 

Western Mining Corp. Ltd. halted devel- 
opment of its Yeelirrie uranium-vanadium 
project in Western Australia following a 
controversial decision by the Australian 
Federal Government to revoke most nego- 
tiating licenses with potential foreign buy- 
ers of yellowcake. A large segment of the 
ruling party reportedly favored the phasing 
out of all uranium mining activities on the 
continent as part of the party's antinuclear 
policies. Development of the Yeelirrie de- 
posit had already been slowed by the with- 
drawal of Esso Exploration and Production 
Australia Inc. from the project partnership 
in May 1982. 

Belgium-Luxembourg.—Société Anony- 
me d'Application de Chemie Industrielle, a 
division of SADACEM NYV, made several 
technological improvements at its Langer- 
bruggekaai plant near Ghent, Belgium. The 
company produced more than 1,300 tons 
(gross weight) of an 80% grade of ferrovana- 
dium in 1982, the last year of available data. 
This was a 69% increase over the 770 tons 
reported for 1981. U.S. imports of ferrovana- 
dium from the Belgium-Luxembourg Eco- 
nomic Union totaled 112 tons (gross weight) 
in 1983. 

Canada.—Renzy Mines Ltd. studied the 
feasibility of recovering vanadium from At- 
habasca tar sands fly ash.’ The company 
planned to build an extraction unit that will 
process fly ash generated from the oil sands 
operations of Suncor Inc., which are located 
north of Fort McMurray, Alberta. Suncor’s 
58,000-barrel-per-day mining, extraction, 
and upgrading complex produces about 
33,000 tons per year of ash containing 4.5% 
V.0; as well as smaller amounts of gallium 
and other rare metals. The vanadiferous fly 
ash is generated at the upgrading plant 
when the residual bitumen coke is burned 
as fuel. 

China.—Vanadium pentoxide was report- 
ed to have been produced at five different 
locations in China during 1983: the Emei 
ferroalloy plant in Sichuan Province, 
Chengde in Hebei Province, Jinzhou in 
Liaoning Province, Nanjing in Jiangsu 
Province, and the Shanghai metallurgical 
works in the city of Shanghai. Four of the 
five plants also had facilities for converting 
the oxide to ferrovanadium. In most cases 
titaniferous iron slag containing 12% to 
20% V20, was used as feed material. How- 
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ever, the Nanjing plant apparently used 
vanadiferous residues from oil shale oper- 
ations. China sold an estimated 2,200 tons of 
vanadium pentoxide to market economy 
countries during the year. The bulk of the 
ferrovanadium was consumed internally.* 

Finland.—Rautaruukki Oy announced 
that it had begun phasing out mining oper- 
ations at both Otanmáki and Mustavaara 
because of continuing low prices for vana- 
dium pentoxide and iron ore concentrate. 
The company was able to maintain produc- 
tion of vanadium pentoxide at its 1982 level 
despite weakening market conditions and 
rising operational costs. In 1983, the compa- 
ny recovered 3,072 tons of vanadium pent- 
oxide, 181,000 tons of ilmenite concentrate, 
and 366,000 tons of magnetite concentrate 
from 1,381,000 tons of ore mined under- 
ground at Otanmáki. Mustavaara in con- 
trast is an open pit operation and produced 
only vanadium pentoxide. Vanadium pent- 
oxide production at Mustavaara declined 
slightly from 3,290 tons in 1982 to 3,204 tons 
in 1983. Vanadium extraction costs had 
risen dramatically at both mines since 1973 
as a result of the sharp increase in the price 
of crude oil. Large quantities of increasingly 
expensive fuel oil were needed to heat the 
pellet roasting furnaces. Rautaruukki had 
already begun retraining part of its mine 
work force and planned to manufacture 
railway freight cars and other heavy equip- 
ment at new fabricating plants near the two 
mine sites.’ 

Japan.—The four producers of ferrovana- 
dium in Japan faced stiff competition from 
imports in 1983. The industry produced only 
3,110 tons of ferrovanadium during the 
year, compared with 4,922 tons in 1982.8 
This 37% decline in production resulted in a 
corresponding 39% decline in imports of 
vanadium pentoxide, which decreased from 
5,342 tons in 1982 to 3,260 tons in 1983. The 
Republic of South Africa was the principal 
vanadium pentoxide supplier to Japan and 
accounted for 60% of the total gross weight. 
Imports of ferrovanadium rose from 769 to 
817 tons gross weight. The bulk of the 
imported ferrovanadium came from Austria 
and the European Communities. Nearly all 
of the 185 tons of ferrovanadium exported 
went to North Korea.? 

New Zealand.—New Zealand Steel Ltd. 
was expanding its iron and steel complex at 
Glenbrook on the North Island. Four new 
prereduction kilns and two electric pig iron 
furnaces were being added to the iron re- 
duction plant. Commissioning of its new 
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ironmaking units was expected to take 
place in 1985. The company expected to 
recover vanadiferous slag from the new 
submerged arc furnaces. The iron sand 
concentrates from the company’s Taharoa 
and Waikato North Head operations con- 
tain 8% TiO. and 0.6% V2Os.?° 

South Africa, Republic of.—In May 1983, 
Highveld Steel and Vanadium Corp. Ltd. 
temporarily discontinued production of va- 
nadium pentoxide at its Vantra division in 
the Transvaal because of continuing weak 
demand in Western Europe and Japan. 
Four rotary kilns and four multiple-hearth 
roasters were normally used to extract the 
vanadium directly from Bushveld magnet- 
ite mined at Mapochs. Vanadiferous slag 
production was also reduced at the compa- 
ny's Witbank iron plant for the first time 
since its commissioning in 1968. Highveld 
produced 39,490 tons (gross weight) of slag 
during the calendar year, a decrease of 
about 37% from that of 1982." 

United Kingdom.—Brandeis Intsel Ltd. 
procured 937 tons of vanadium pentoxide 
and slightly less than 55 tons of ferrovana- 
dium for the United Kingdom strategic 
stockpile at Sheffield. Most of the vanadium 
pentoxide came from stocks held in Finland 
and Sweden. The ferrovanadium was sup- 
plied by a ferroalloy producer in the Feder- 
al Republic of German 

Venezuela.—The Venezuelan Govern- 
ment announced that it would delay large- 
scale development of the Orinoco Oil Belt 
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because of the current low level of world oil 
consumption relative to 1973.13 The Orinoco 
Belt has potential reserves of at least 1.5 
trillion barrels of heavy crude oil, contain- 
ing 150 to 500 parts per million vanadium. 
Petréleos de Venezuela S.A., the state oil 
monopoly, had planned to build a $5.5 
billion facility at Cerro Negro that would 
have demetallized and upgraded 170,000 
barrels per day of 8° to 10° API crude, with 
startup in 1988. Earlier in the year, Pe- 
tróleos de Venezuela signed an agreement 
with Veba AG to process Venezuelan crudes 
and heavy crudes in the Federal Republic of 
Germany. Ruhroel GmbH, a joint venture 
of the two companies, was to process 5 
million tons per year of Venezuelan heavy 
crudes at its Gelsenkirchen refining com- 
plex in the Ruhr.'* 

Union Carbide planned to buy vanadium- 
bearing petroleum coke from Lagoven S.A., 
a subsidiary of Petróleos de Venezuela, on a 
long-term basis. The petroleum coke was to 
be shipped to Union Carbide's Hot Springs 
mill in Garland County, AR, where the 
vanadium will be recovered in the form of a 
modified oxide. Lagoven operated a refinery 
at Amuay Bay with a crude processing 
capacity of 630,000 barrels per day. The 
bulk of its feed was piped from fields on the 
northeastern shore of Lake Maracaibo. The 
Venezuelan company reportedly had a new 
flexicoker producing almost 3,000 tons per 
year of vanadium pentoxide contained in 
coke.!5 


914 


MINERALS YEARBOOK, 1983 


Table 10.—Vanadium: World production from ores and concentrates, by country! 
(Short tons of contained vanadium) 


Country 1979 1980 1981 1982” 1983* 
Production from ores, concentrates, slags:? 
Australia (in vanadium pentoxide product)®_ __ _ _ _ TE RR SS Se 3101 110 Ae 
MUA A A a o 510 300 140 es = 
China (in vanadiferous slag product)®_________________~- 4,000 5,000 5,000 5,000 5,000 
Finland (in vanadium pentoxide product) -____________.__ 3,051 3,135 3,431 3,470 53, 516 
Ir WAG A AA aan UE 630 540 380 120 Së 
South Africa, Republic of:* ® 
Content of pentoxide and vanadate product ___________ 4,300 4,500 4,200 . 78,700 3,300 
Content of vanadiferousslag product ______________-_ 9,300 9,500 9,900 "8,900 5,600 
Subtotal necem ee ie 13,600 14,000 14,100 12,600 8,900 
ASA AI 10,000 10,500 10,500 10,500 10,500 
United States (recoverable vanadium) _________________ 5,520 4,806 5,126 4098 52,171 
Tota etl ees a le et A eres Seal Ao ho ER eo 37,311 38,281 38,778 35,898 30,087 
Production from petroleum residues, ashes, and spent catalysts:’ 

Japan (in vanadium pentoxide product) _______________- €720 710 687 754 770 
United States (in vanadium pentoxide and ferrovanadium products) 1,617 1,520 1,900 1,513 5893 
EE 2,337 . 2,280 2,587 2,261 1,663 
GrandiBtotal. ..—-. lunc ir 39,648 40,511 41,365 38,165 31,750 

*Estimated. Preliminary. ‘Revised. 


1In addition to countries listed, vanadium is also recovered from petroleum residues in the Federal Republic of 
Germany, the U.S.S.R., and several other European countries, but available information is insufficient to make reliable 


estimates. Table includes data available through June 20, 1984. 


? Production in this section is credited to the country that was the origin of the vanadiferous raw material. 


3Reported preliminary Australian exports. 
*Based on U.S. imports of vanadium-bearing slag. 
5Reported figure. 


SData on vanadium content of vanadium slag are estimated on the basis of a reported tonnage of vanadium-bearing 
slag (gross weight) multiplied by an assumed grade of 14% vanadium. 

“Production in this section is credited to the country where the vanadiferous product is extracted; available 
information is inadequate to permit crediting this output back to the country of origin of the vanadiferous raw material. 


TECHNOLOGY 


The U.S. Naval Research Laboratory in 
Washington, DC, successfully completed a 
program begun in 1976 to develop V3Ga 
multifilament wire for superconducting 
magnets. Superconducting magnets of this 
type were being evaluated for use in ad- 
vanced electrical ship propulsion systems. 
Considerable research and some production 
of V;Ga wire was also being carried out in 
Japan. The Japanese National Research 
Institute for Metals in Tokyo was operating 
a hybrid magnet using a Nb;Sn tape con- 
ductor with a V;Ga core that was capable of 
producing fields up to 17.5 tesla.!* 

Teledyne Wah Chang Albany cast a 
record-setting 1,655-pound ingot of vana- 
dium metal at its plant in Oregon. The 
cylindrical ingot, which measured 10.5 
inches in diameter and 90 inches in length, 
was believed to be the largest vanadium 
ingot ever produced.!” 


1Physical scientist, Division of Ferrous Metals. 

2U.S. Code of Federal Regulations. Title 40—Protection 
of Environment; Chapter I—Environmental Protection 
Agency; Part 192—Health and Environmental Protection 
ri for Uranium and Thorium Mill Tailings; July 1, 


3Froisland, L. J., P. L. Placek, and M. B. Shirts. 
Restoration of Surface Vegetation on Uranium Wastes at 
Uravan, Colo. BuMines RI 8653, 1982, 13 pp. 

*Pratt, R. Vanadium. Ch. in Australian Mineral Indus- 
try Annual Review for 1981. Canberra, Australia, 1984, 
pp. 272-213. 

5The Northern Miner. Recovery of Vanadium From Oil 
Gecke Plant; First in Canada. V. 70, No. 1, Mar. 15, 1984, 
pp. 1-2. 

The TEX Report Co. Ltd. 1983 Ferro Alloy Manual. 
Tokyo, Japan, pp. 282-292. 

"Rautaruukki Oy (Helsinki, Finland). 1983 Annual Re- 
port, pp. 5, 35. 

5Japan Metal Journal (Tokyo). V. 14, No. 15, Apr. 9, 
1984, p. 8. 

Japan Tariff Association. Japan Exports and Imports. 
V. 12, 1983, pp. 124, 307, 433. 

10Mining Magazine. New Zealand: Ironsand to Steel. 
V. 148, No. 5, May 1983, pp. 346-353. 

11Highveld Steel and Vanadium Corp. Ltd. (Witbank, 
Rep. of South Africa). 1983 Annual Report, pp. 3-20. 

12Metal Bulletin. (London). UK Stockpile Purchases 
Complete. No. 6772, Mar. 18, 1983, p. 15. 

13Financial Times (London). Venezuela Shelves Ambi- 
tious Oil Plans. No. 28983, Jan. 12, 1983, p. 4. 

European Chemical News. Hüls Shifts Oil-Based Am- 
monia Production to Veba Oel. V. 41, No. 1107, Nov. 14, 
1983, pp. 8, 27 

15American Metal Market. UC to Buy Venezuelan 
Firm's Vanadium-Bearing Petro Coke. V. 91, No. 241, Dec. 
13, 1983, p. 7. 

léGubser, D. U., T. L. Francavilla, and D. G. Howe. 
Processing of High Transition Temperature Supercon- 
ductors—V3Ga Multifilament Wire Development. Naval 
Res. Lab. Memorandum Rept. 5024, 1983, 63 pp. 

17Metal Progress. V. 124, No. 4, Sept. 1983, p. 3. 


Vermiculite 


By Arthur C. Meisinger! 


Vermiculite concentrate sold and used 
declined for the fourth consecutive year to 
282,000 short tons valued at $27.2 million. 
Exfoliated vermiculite sales from 43 plants 
declined for the third consecutive year to 
224,000 tons valued at $52.2 million. 

W. R. Grace & Co., the largest domestic 
producer with mines in Montana and South 
Carolina, produced exfoliated vermiculite at 
28 plants in 24 States, compared with 30 
plants in 1982. 

Domestic Data Coverage.—Domestic pro- 
duction data for vermiculite are developed 
by the Bureau of Mines from two separate 
voluntary surveys, one for domestic mine 


operations and the other for exfoliation 
plant operations. Of the four mining oper- 
ations to which a request was sent, three 
responded. The one nonrespondent’s data 
were estimated using previous year produc- 
tion levels adjusted by trends in employ- 
ment and other guidelines. Of the 46 exfo- 
liating plants to which a request was sent, 
42 plants responded, representing 87% of 
the total exfoliated vermiculite sold and 
used shown in table 1. Plant data for the 
nonrespondents were estimated using re- 
ported previous year production levels ad- 
justed by trends in employment and other 
guidelines. 


Table 1.—Salient vermiculite statistics 
(Thousand short tons and thousand dollars unless otherwise specified) 


1979 1980 1981 1982 1983 
United States: 
Sold and used by producers: 
Concentrate os i eee ee c 34 33 32 316 282 
OV NG ce a eh p Ln esie a a ae a o de $22,000 $23,500 $26,200 $28,500 $27,200 
Average value! ___________ _ dollars per ton_ _ $63.58 $69.73 $81.88 $90.19 $96.45 
Exfollated .— — cul ALI eei ee 278 281 274 235 224 
ECHT $51,300 $54,500 $58,600 $55,500 $52,200 
Average value! . dollars per ton... $184.53 $193.95 $213.87 $236.17 $233.04 
Exports to Canada _________________________~- 33 3 31 22 1 
Imports for consumption® _____________________~- 27 26 27 21 24 
World: Production? ____________________________ 595 593 517 P562 *495 
*Estimated. Preliminary. 
! Based on rounded data. 
2Excludes production by centrally planned economy countries. 
DOMESTIC PRODUCTION 


U.S. production of vermiculite concen- 
trate was 282,000 tons valued at $27.2 mil- 
lion, a decrease of 11% in quantity and 5% 
in value from those of 1982. 

The principal vermiculite mining and 
beneficiating operations continued to be 
those of W. R. Grace at Libby, MT, and 
Enoree, SC. Vermiculite was also mined 
and processed during the year by Patterson 
Vermiculite Co. near Enoree, SC, and by 


Virginia Vermiculite Ltd., in Louisa Coun- 
ty, VÀ. |. 

Production of exfoliated vermiculite in 
1983 decreased 5% in quantity sold and 
used and 6% in value to 224,000 tons and 
$52.2 million, respectively. Production came 
from 43 plants in 29 States compared with 
46 plants in 30 States in 1982. The three 
idled plants were in North Dakota, South 
Carolina, and Wisconsin. 
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In descending order of exfoliated vermicu- were Ohio, Texas, California, Florida, New 
lite output, the principal producing States Jersey, and South Carolina. 


CONSUMPTION AND USES 


Use of vermiculite as aggregate material mal insulation increased 11% after a signif- 
in concretes, plasters, and premixes de- icant decrease in 1982. Agricultural use 
creased 11% despite the increase in con- declined 13%. 
struction activity; however, its use as ther- 


Table 2.—Exfoliated vermiculite sold and used in the United States, by end use 


(Short tons) 
End use 1982 1983 
Aggregates 
KREE ee Eet A AAA 51,300 46,600 
Plaster o ros Sey eee ee, eet ote es ee e oe cee eer 3,800 : 
eege el M ls EES 56,500 49,500 
Total su a MES SU Sak eee ed dl cn 111,600 299 500 
Insulation: 
hills 5-1 ie a cru c e mutus n ei 23,300 25,400 
E n ono IA eL A A LET 30,600 33, 
Other oec sostener eA LR A OA 3,300 4,200 
Total oor eui oeque o EAM fe 51,200 63,400 
Agricultural: 
Horticultural.-< 0 oes a E ee Le 717,000 22,400 
Soil conditioning — - - - - - - - iere d tuc LEE 714,700 1,800 
Fertilizer carrier... LLL LLL LLLA Acca 33,500 26,800 
Total EE 65,200 57,000 
ON EENEG 800 3,900 
Grand total o ee cd a i Ss ee 235,000 224,000 
"Revised. S 


1Includes acoustic, fireproofing, and texturizing uses. 

2Data may not add to totals shown because of independent rounding. 
"Includes high-temperature and packing insulation and sealants. 
“Includes various industrial uses not specified. 


Table 3.—Active vermiculite exfoliating plants in the United States in 1983 


Company County State 
A«TODS COPD. ee Ee Se i eS Beaver. Pennsylvania. 
Brouk CO: 20 == ee Se Ld T ee St. Louis- __ _____ Missouri. 
Cleveland Gypsum Co., a division of Cleveland Builders Scan Co... Cuyahoga -- --—-- Ohio. 
rondale___._-.__-.- Alabama 
Maricopa --—---- Arizona. 
Pulaski ________ Arkansas. 
Alameda _______ California. 
Orange -----.--- Do. 
Denver ________ Colorado. 
Broward_____._._- Florida. 
Eege ee : 
Hillsborough _ _ _ _ _ 
Du Page _ Illinois 
Campbell ______- Kentucky 
Orleans _______-— Louisiana 
Prince Georges... Maryland. 
W. R. Grace € Co., Construction Products Div |... Hampshire -___-_-_-_ Massachusetts. 
Wayne -------- Michigan. 
l Hennepin ---_-_-- Minnesota 
t. Louis. _____-_- Missouri 
Douglas... Nebraska 
Mercer `... New Jersey 
GE New York 
Guilford____._-_.-_ North Carolina 
Oklahoma -..--.-. Oklahoma 
Multnomah. -- —--- Oregon. 
Lawrence... Pennsylvania. 
Greenville |... South Carolina. 
Davidson ......- Tennessee. 
Bexar `. Texas. 


VERMCULITE 


917 


Table 3.—Active vermiculite exfoliating plants in the United States in 1983 —Continued 


Company 


Patterson Vermiculite Co _____________________ 
Robinson Insulation Co 2.222252 
The Schundler Co ooo oo ooo 


Strong-Lite Products Corp 
Strong-Lite Products Corp. of Illinois 
Verlite Co 


Vermiculite-Intermountain Inc 
Vermiculite of Hawaii Inc _________________._.___ 


Vermiculite Products Inc 


County State 
SE Macoupin -~ ..... Illinois. 
ECG Kenosha. _-______ Wisconsin. 
EDO Laurens_______ _ South Carolina. 
eee Cascade ________ Montana. 
UN Middlesex. _ _ _ — _ — New Jersey 
E Union, Ohio. 
MICRO. Jefferson `... — Arkansas. 
EE De Kalb________ Illinois. 
EE Hillsborough ` — Florida 
erence Salt Lake _______ tah. 
EE EE Honolulu ..  ... . Hawaii 
cca ATA EEN Texas 


PRICES 


The average value of vermiculite concen- 
trate sold and used by U.S. producers in- 
creased 7% to $96.45 per ton, f.o.b. plant. 
The average value of exfoliated vermiculite, 
f.o.b. plant, decreased from $236 per ton to 
$233 per ton. 


Engineering and Mining Journal quoted 
yearend prices for unexfoliated vermiculite 
as follows, per short ton: Montana and 
South Carolina, f.o.b. mine, $75 to $128; and 
the Republic of South Africa, c.i.f. Atlantic 
ports, $100 to $160. 


FOREIGN TRADE 


Imports of vermiculite concentrate from 
the Republic of South Africa and Brazil 
totaled 24,000 tons. Exports to Canada were 


19,000 tons and represented 7% of total 
sales. 


WORLD REVIEW 


Estimated world production decreased 
12%, the fifth consecutive year of decline. 
The United States and the Republic of 
South Africa, together, accounted for 9196 
of the total production. Production of ver- 


miculite concentrates in the Republic of 
South Africa declined 16%, and exports 
accounted for 74% of production. 


1Industry economist, Division of Industrial Minerals. 


Table 4.—Vermiculite: World production, by country! 


(Short tons) 
Country 1979 1980 :1981 1982P 1983* 
Argentina SE 6,478 10,920 3,557 3,697 23,148 
Brázil -s onnsa aa ee et SE 8,137 13,427 15,771 15,497 15,400 
Egypt EE 770 800 800 309 330 
Indio 23.55 ole Ga A ee a e e N 3,376 4,054 3,995 2,280 2,800 
ODA A AAA 17,000 19,000 19,000 19,000 19,000 
DOT RO reso tae aia 2,491 2,819 e2 900 e2 900 2,900 
Mexico: === oe Se oe ee Bak 3601 657 575 550 
South GE Republic of- ----------------—- 211,173 204,698 210,101 201,327 2168,691 
SAO RO AN 20 20 20 20 2 


“Estimated. Preliminary. ‘Revised. 


595,445 "593,339 576,801 561,605 495,439 


¿Excludes production by centrally planned economy countries. Table includes data available through July 3, 1984. 


2Reported figure. 


First year production registered. 
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Zinc 


By James H. Jolly! 


The domestic zinc mining and smelting 
industry continued to operate at the de- 
pressed levels of 1982 despite significant 
increases in U.S. zinc consumption in 1983. 
Imports of slab zinc were the third highest 
in history and supplied the greater part of 
U.S. requirements. Both mine production 
and smelter output were at their second 
lowest levels in 50 years. Three mines 
closed, one permanently. One mine that 
closed in 1982 reopened after negotiating a 
more favorable labor contract. Only four of 


six domestic primary zinc smelters operated 
during the year, and as a result, imports of 
concentrate were at their lowest level since 
1939. U.S. producers’ zinc prices stayed 
within a narrow range in the first half of 
1988, but rose rapidly in the second half 
because of increasing demand and short- 
ages of Special High Grade (SHG) zinc 
metal. Slab zinc stocks were marginally 
lower at yearend; however, consumer stocks 
of slab zinc were higher in anticipation of 
continued strong demand. 


Table 1.—Salient zinc statistics 


(Metric tons unless otherwise specified) 


United States: 
Production: 
Domestic ores, recoverable content ________ 


Slab zinc: 
From domestic ores- ---—----------—- 
From foreign ores- o 
From Scraps uoce o A 


Exports of slab zinc ____________ ~______~- 
Imports for consumption: 
Ores and concentrates (zinc content) |. 
Slabih cunctum ev Ce tede) 
Stocks of slab zinc, Dec. 31: 
Producer and consumer- _ 
Merchant ecards ec dei RR 
Government stockpile . .. a 
Consumption: 
Slab ZNC oso ese a eae ent ieee eee 
All classes - ae ir is 
Price: Prime Western, cents per pound (delivered) _ 
World: 


Production: 
Mco a REO thousand metric tons... 
Smelter |... -----------—-__ do |. 


Price: Prime Western, London, cents per pound _ _ _ 


*Estimated. Preliminary. 
1Excludes redistilled slab zinc. 
2Based on U.S. High Grade, cents per pound. 


"Revised. NA Not available. 


1979 1980 1981 1982 1983 
261,341 317,103 312,418 "303,160 275,294 
$219,841 $261,671 $306,879 "$257,116 $251,204 
200,944 231,850 209,835 193,284 210,315 
217,137 108,606 86,728 34,892 25,379 
53,212 29,396 50,192 74,288 69,390 
525,693 369,852 396,755 302,464 305,084 
316,818 274,967 290,658 210,681 279,237 
279 302 323 341 427 
87,499 182,370 245,710 66,809 63,156 
524,130 410,163 612,007 456,233 617,679 
151,661 92,151 126,581 111,777 112,940 
NA 33,650 68,773 47,397 35,199 
345,684 342,380 340,581 340,578 340,577 
1,000,606 811,146 840,875 709,491 805,891 
1,394,314 1,142,409 1,189,369 953,111 1,120,548 
37.30 237.43 244.56 238.47 241.39 
75,985 75,962 9,848 P6,238 “6,246 
"6,260 76,049 6,079 P5,865 €6,175 
33.59 34.47 38.34 33.74 34.73 
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Domestic Data Coverage.—Domestic da- 
ta for zinc are developed by the Bureau of 
Mines from seven separate, voluntary sur- 
veys of U.S. operations. Typical of these 
surveys is the Slab Zinc consumption sur- 
vey. Of the 473 operations to which the 
survey request was sent, 352 responded, 
representing an estimated 81% of the total 
slab zinc consumption shown in tables 1, 15, 
16, and 17 and an estimated 58% of total 
consumption shown in tables 1 and 15. 
Consumption for the remaining 121 nonre- 
spondents was estimated using prior year 
consumption levels, trends in consumption, 
or other guidelines. 

Legislation and Government Pro- 
grams.—The National Defense Stockpile 
goal for zinc was 1,292,739 metric tons, 
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unchanged since May 1980. The total zinc 
inventory held by the Government at year- 
end 1983 was 343,240 tons, including 2,625 
tons of zinc in the form of brass. The zinc 
stockpile, other than brass, was composed 
of 183,175 tons of High Grade slab zinc, 
121,750 tons of Prime Western slab zinc, 
and 35,690 tons of other slab zinc grades. 
«Promulgation of final Clean Water Act 
effluent discharge regulations for zinc and a 
variety of nonferrous metals and powder 
forming operations were delayed in August 
to give the Environmental Protection Agen- 
cy an additional 10 months to establish the 
regulations. When finally implemented, af- 
fected companies were expected to be in 
compliance in 3 years. 


DOMESTIC PRODUCTION 


MINE PRODUCTION 


The drop in mine production of recover- 
able zinc was due to mine closures in Mis- 
souri, Tennessee, and Pennsylvania. Mine 
output in 1983 was the second lowest pro- 
duction year, after 19779, in the last 50 years. 
Tennessee was the principal zinc-producing 
State, a position the State has held 23 times 
in the last 26 years. Missouri and New York 
were the second and third leading States in 
zinc mine output. The leading U.S. zinc 
producers were ASARCO Incorporated, St. 
Joe Minerals Corp., and Gulf + Western 
Industries Inc. (G+W). Before the end of 
1983, however, G+W, except for its 60% 
interest in The Jersey Minière Zinc Co., was 
essentially out of the U.S. zinc mining 
industry, having either sold or permanently 
closed all of its zinc mines. 

The 25 leading U.S. zinc-producing mines 
accounted for 98% of the recoverable do- 
mestic zinc mined in 1983, and the 10 
leading mines accounted for 80% of total 
production. 

In Tennessee, zinc was produced from 
zinc ores at seven underground mines and 
from iron-sulfur-copper-zinc ores at Copper- 
hill. Asarco operated four Tennessee zinc 
mines— Young, New Market, Immel, and 
Coy. According to the company's annual 
report, Asarco milled 2.45 million tons of 
ore, producing 59,900 tons of zinc in concen- 
trate, slightly less than that produced in 
1982. Ore reserves at the four mines were 
6.54 million tons grading 3.3496 zinc at 
yearend. | 

Jersey Miniére Zinc completed its first 


full year of operation of the combined 
Elmwood-Gordonsville Mine and new mill, 
which came on-stream in April 1982. The 
operation was the single largest domestic 
zinc producer in 1983. All zinc concentrates 
were shipped to the company's zinc refinery 
in Clarksville, TN, for processing. Yearend 
ore reserves at the Elmwood-Gordonsville 
Mine were about 25.5 million tons grading 
3.1% zinc. ' 

United States Steel Corp. reopened its 
zinc mine at Jefferson City, TN, in Septem- 
ber after negotiating a better labor contract 
and arranging contracts to supply concen- 
trates to two domestic zinc smelters. The 
mine was closed in October 1982 because of 
depressed zinc markets, low zinc prices, and 
a second rejection by union workers of 
company-sought concessions. 

The New Jersey Zinc Co. owned by 
G 4- W, closed down the Beaver Creek Mine 
and its Jefferson City, TN, mill at the end of 
January, citing the depressed zinc market. 
This mine and mill, New Jersey's Jefferson 
City and Idol Mines, and several other 
company mineral properties in eastern Ten- 
nessee were sold to Inspiration Resources 
Corp. in July. In December, Inspiration 
announced that it was planning to reopen 
the Beaver Creek Mine and Jefferson City 
mill in January 1984. 

Zinc produced in Missouri was a coprod- 
uct from eight underground lead mines. 
Mine output fell in 1983 owing mainly to 
reduced production at the Buick Mine and 
to the March closing of Ozark Lead Co.'s 
Milliken Mine for economic reasons. Zinc 
production at the Buick Mine, owned jointly 
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by AMAX Lead Co. of Missouri and Home- 
stake Mining Co., fell about 16% from that 
of 1982 owing to the milling of ore lower in 
zinc content. At the Buick Mine, 1.93 mil- 
lion tons of ore grading 7.9% lead and 1.8% 
zinc was milled in 1988, yielding about 
29,500 tons of zinc in zinc concentrate. 
Yearend ore reserves at the Buick Mine 
were 35.5 million tons grading 5.7% lead 
and 1.4% zinc. 

St. Joe Lead Co., a unit of Fluor Corp., 
produced zinc at four Missouri lead-zinc 
mines. A small amount of zinc was also 


produced from development ore at the com- 


pany’s new Viburnum No. 35 Mine near 
Bixby. The nearby Viburnum mill was 
expanded and modernized to accommodate 
the increased production of 3,600 tons per 
day from the new mine. The Viburnum No. 
35 Mine, anticipated to come on-stream in 
early 1984, was expected to produce 41,000 
tons of lead and 5,000 tons of zinc annually. 

The Magmont lead-zinc-copper mine at 
Bixby, MO, operated by Cominco American 
Inc. under a joint venture arrangement 
with Dresser Industries Inc., produced 
11,917 tons of zinc in concentrate, 42% 
higher than in 1982. Cominco American 
milled 1.04 million tons of ore grading 7.2% 
lead, 1.4% zinc, and 0.2% copper in 1983, 
compared with 1 million tons of ore milled 
grading 6.5% lead, 1.0% zinc, and 0.3% 
copper in 1982. A new drift driven 2 miles 
from the Magmont shaft to open up the 
Magmont West area was completed. Mag- 
mont ore reserves at yearend were 6.2 
million tons averaging 8.0% lead, 1.0% zinc, 
and 0.4 ounce of silver per ton. 

Asarco completed construction of the mill 
and other surface facilities at its West Fork, 
MO, lead mine in June; however, it was not 
decided until October that underground 
mine development, suspended in July 1982, 
would continue. Production was expected to 
begin in 1985. The mill was designed to 
process 3,450 tons of ore per day, with an 
expected yield of 46,000 tons of lead, 7,000 
tons of zinc, and 125,000 ounces of silver in 
concentrates. Ore reserves in the West Fork 
ore body were estimated at 14 million tons 
averaging 5.5% lead and 1.2% zinc, with 
some copper and silver. 

In New York, St. Joe Resources Co., a 
unit of Fluor Corp., operated the Balmat, 
Hyatt, and Pierrepont Mines. All ore was 
milled at the company’s Balmat mill. The 
concentrates were either shipped to St. Joe 
Resources’ Monaca, PA, zinc smelter or 
exported to Europe and Canada. In April, 
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St. Joe Resources arranged to have some of 
its concentrates toll refined at Noranda 
Mines Ltd.’s Valleyfield, Quebec, Canada, 
zinc refinery. 

In Colorado, zinc production came largely 
from the Leadville Mine, managed by Asar- 
co but owned jointly with Resurrection 
Mining Co., a Newmont Mining Co. subsid- 
iary. Asarco milled 193,000 tons of ore, the 
same as in 1982, but zinc output rose 10% to 
12,519 tons owing to the milling of higher 
grade ore. Yearend ore reserves were 1.3 
million tons averaging 9.37% zinc, 4.22% 
lead, and 2.72 ounces of silver per ton, as 
well as some copper and gold. Standard 
Metal Corp. increased production of zinc 
concentrates at its Sunnyside gold mine in 
1983. Ore production rose sharply because 
of the employment of new vertical crater 
retreat mining methods in certain sections 
of the mine. The zinc concentrates were 
shipped to Cominco Ltd.’s zinc smelter at 
Trail, British Columbia, Canada. 

Hecla Mining Co. produced 1,944 tons of 
zinc in concentrate at its Lucky Friday 
silver mine in Idaho. Output increased 
slightly over that of 1982 despite a 2-month 
strike in the first half of 1983. The new 
silver shaft reached its initial objective of 
1,891 meters in April, and the first ore was 
hoisted in October. An ultimate depth of 
2,286 meters was planned. Ore reserves 
increased moderately because development 
work was resumed. At yearend, the ore 
reserves were 470,000 tons grading 17.1 
ounces of silver per ton, 12.2% lead, and 
1.2% zinc. 

G 4- W, as part of its withdrawal from the 
zinc industry, closed the company's Frie- 
densville, PA, zinc mine in October after 
failing to find a buyer for the property. 
Despite the presence of substantial ore re- 
serves, the mine, Pennsylvania's only zinc 
operation, was expected to remain perma- 
nently closed owing to severe water prob- 
lems underground. 

In Alaska, two projects, Red Dog and 
Greens Creek, progressed toward develop- 
ment. Most of the environmental and State 
permitting.for both deposits was approved 
and decisions to begin development were 
expected in 1984. The Greens Creek polyme- 
tallic deposit, owned by Anaconda Minerals 
Co., 33.8%; Noranda, 33.8%; Texas Gas & 
Exploration Co., 12.3%; Bristol Bay Re- 
sources, 11.2%; and Exalas Resources Corp., 
8.9%, was tentatively scheduled for startup 
in 1987. Noranda, the operating company, 
has estimated ore reserves at Greens Creek 
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to be 3.1 million tons averaging 12.8 ounces 
of silver per ton, 7.5% zinc, 2.5% lead, 0.4% 
copper, and 0.1 ounce of gold per ton. A 
proposed 750-ton-per-day mining rate was 
planned, which would yield about 22,000 
tons of zinc per year. | 

Cominco and the NANA Regional Corp. 
Inc. were expected to complete engineering 
and feasibility studies on their Red Dog 
deposit in 1984. Cominco, the operating 
company, was tentatively planning to begin 
mine construction in 1985 with startup of 
the operation and first shipments of concen- 
trates in 1988. A two-stage development and 
production plan was proposed with an ini- 
tial annual ore production of 0.9 million 
tons yielding about 390,000 tons of lead and 
zinc concentrates. By the sixth year of 
operation, production was to be doubled. 
The Red Dog ore reserves were estimated at 
77 million tons averaging 17.1% zinc, 5% 
lead, and 2.4 ounces of silver per ton. 


SMELTER AND REFINERY PRODUCTION 


Only four primary zinc smelters, with 
annual capacities totaling 300,000 tons, op- 
erated in the United States in 1983; two 
others, Corpus Christi, TX, and Bunker 
Hill ID, with annual capacities totaling 
207,000 tons, were idle. At yearend, compa- 
nies owning the idle smelters were studying 
the feasibility of reopening them, but were 
experiencing problems with labor costs, 
power, and/or feed materials. St. Joe Re- 
sources increased the annual capacity of its 
Monaca, PA, electrothermic zinc smelter 
. from 77,000 tons to 91,000 tons. St. Joe 
Resources boosted capacity and productivity 
by installing a fourth Larvik furnace and by 
. modernizing other facilities. The four 
Larvik furnaces, which are used mainly to 
_ process secondary material, have a combin- 
ed capacity of about 12,000 tons. The ca- 
. pacity of the smelter’s five electrothermic 
* furnaces, which can process both concen- 
trate and high-grade secondary material, 
was about 79,000 tons. With the smelter 
changes, the company was capable of devot- 
ing all of its capacity to metal or up to 50% 
to 55% of the capacity to zinc oxide. 

In December, the National Zinc Co. and 
| its 51,000-ton-per-year Bartlesville, OK, zinc 
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ment Inc. Because the smelter depends 
entirely on purchased feed material, the 
new company was exploring the possibility 

f acquiring a stake in an existing zinc 
mining operation. 

Zinc Oxide.—The sources of domestic 
zinc oxide production were about 33% from 
ores and concentrate, about 35% from slab 
zinc, and about 32% from secondary materi- 
al. French-process zinc oxide was about 67% 
of the total produced, compared with 62% 
in 1982. Lead-free zinc oxide was produced 
at 11 plants and leaded zinc oxide was 
produced at 1 plant. Two companies pro- 
duced oxide from ores and concentrates. 
Asarco, Pacific Smelting Co., St. Joe Re- 
sources, and New Jersey Zinc were the 
largest domestic producers of zinc oxide in 
1983. 

Output of zinc oxide at Asarco’s two 
plants, located in Columbus, OH, and 
Hillsboro, IL, was 32,500 tons, an increase of 
about 25% over the depressed level of 1982. 
However, the combined operating rate of 
both plants was only about 60% of capacity. 
Southern Zinc Co. purchased the Chicago, 
IL, zinc oxide manufacturing assets of Sipi 
Metals Corp. The facility will be operated 
by Midwest Zinc Corp., a newly formed 
subsidiary of Southern, itself a subsidiary of 
Gulf Metals Industries Inc. 

Zinc Salts.—Zinc sulfate was produced by 
about 12 companies from secondary materi- 
al and concentrate. Zinc chloride produc- 
tion from five companies was derived en- 
tirely from secondary material. 

Slag-Fuming Plants.—No  slag-fuming 
plants operated in 1983; however, substan- 
tial quantities of zinc-bearing lead blast 
furnace slags and residues were stockpiled 
by Asarco at its lead smelters in East 
Helena, MT, and EL Paso, TX. 

Byproduct Sulfur.—Production of sulfur 
in byproduct sulfuric acid from four pri- 
mary zinc plants and one zinc oxide plant 
was 125,500 tons, up from the 112,000 tons © 
produced in 1982. More zinc concentrates 
were processed in 1983 even though the 
Corpus Christi zinc plant was closed all 
year. 


CONSUMPTION AND USES 


Zinc consumption for most end-use cate- 
gories improved, paralleling growth in do- 
mestic economic activity, especially in the 
housing and automobile industries. The con- 


struction industry accounted for an estimat- 
ed 45% of zinc consumption, followed by 
transportation, 20%; machinery, 12%; elec- 
trical, 8%; and chemical and other indus- 


D 
y 
tries, 15%. d 


Galvanizing continued to be the principal 
se of slab zinc, consuming about 46%, 
{followed by zinc-based alloys, 26%; brass 

nd bronze, 13%; rolled zinc, 7%; and other 

ses, 8%. SHG accounted for one-half of the 
slab zinc consumed and was mainly used for 
production of die-cast alloys. The Bureau o 
the Mint purchased 34,020 tons of SHG sla 
'zinc to manufacture pennies; production for 
the year was 14.2 billion pennies. Prime 
Western was the second largest grade o 
slab zinc consumed, and was used mainl 
for galvanizing. 

The apparent consumption of zinc oxide 
was about 162,000 tons, up from 152,000 
tons in 1982. Reported shipments of zinc 
oxide to user industries increased in 1983 
with the largest tonnage increase posted by 
the rubber industry. Reported zinc sulfate 
shipments decreased about 10% compared 
with those of 1982. Agricultural uses, which 
accounted for 84% of zinc sulfate uses in 
1983, fell only marginally; whereas, other 
uses decreased by more than one-third. Zinc 
chloride and other zinc chemical usage 
generally increased. 
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ed a trend toward more zinc protection of 
steel parts for automobiles made in model 
year 1983. Although the amount of steel 
protected by Zincrometal reportedly fell 
about 10%, the quantities of one- and two- 
sided galvanized steel increased. The net 
total zinc content in coatings for the typical 


U.S. automobile in 1983 was 6.70 pounds 
compared with 6.59 pounds in 1982. Theda 
total included 1.5 pounds of zinc in paints. If 


waste from stamping of zinc-coated steel is 
included, the zinc content in coatings re- 
quired per typical automobile in 1983 was 
9.63 pounds, compared with 9.47 pounds in 
1982. 

Another ZI study reported that the 


. weight of zinc diecastings for the average 
19883 model year automobile was 23.00, 


pounds, down from 23.12 pounds and 39.53 
pounds reported for average automobiles in 
1982 and 1977, respectively.? The declining 
use of zinc was attributed to substitution, 


elimination of parts, and increased use of d 


thin-wall zinc diecastings. The ZI study also 
indicated that aftermarket  diecastings 
accounted for 3 to 5 pounds of zinc per 
automobile and 15 to 20 pounds of zinc per 


Zinc Institute Inc. (ZI) studies on zinc, truck. 


coatings in the automotive industry? reveal- 


STOCKS 


Y 
Slab zinc stocks held by domestic produc- 
ers, consumers, and merchants were mar- 
ginally lower at the end of 1983 than at the 
start of the year. Annual data collected by 
the Bureau of Mines showed that producer 
and merchant stocks of slab zinc were down 
28%; whereas, consumer stocks were up 
15%. The lower producer and merchant 
stock position reflected, in part, the strong 
zinc demand; whereas, the consumer stock 
increase indicated concern for adequate 
zinc supply and possible price increases. 


Stocks of slab zinc on the London Metal 
Exchange (LME) ended 1983 at 96,700 tons, 
up 5,000 tons from that at the start of the 
year. Despite increased LME zinc stock 
levels, High Grade zinc stocks fell 72% to 
5,925 tons at yearend; whereas, good ordi- 
nary brand stocks increased 20,250 tons 
during the year to 90,775 tons. The LME 
stock changes reflected a world trend to- 
ward increased demand for higher purity 
zinc metal in 1983. 


PRICES 


Domestic prices for benchmark High 
Grade slab zinc in the first half of 1983 were 
relatively stable, ranging from 38 to 40 
cents per pound. In mid-July, the producer 
price was raised 3 cents per pound to 43 
cents, the highest price posted by producers 
since February 1982. The price increase was 
attributed to a number of factors, mainly 
improved demand in the United States, 
heavy Chinese purchases on Western mar- 
kets, and a tightening in the supply of SHG 
zinc on world markets. At the end of Au- 
gust, the domestic price of High Grade 


jumped another 3 cents to 46 cents owing to 
favorable demand outlook, several price 
increases by European zinc producers, and 
large purchases of SHG zinc by the U.S. 
Mint for penny production. SHG was in 
such short supply that some consumers 
reportedly were paying several times the 
usual 0.5-cent premium over High Grade to 
obtain the metal. The High Grade price rose 
another 3 cents per pound to 49 cents in late 
October prompted by the tight SHG market, 
which was indicated by relatively high bid 
prices for SHG and small quantities of 
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metal offered to the U.S. Mint in mid- 
October. Despite continuing strong zinc de- 
mand, additional zinc price increases in 
Europe, and an announcement by the U.S. 
Mint that its November zinc purchases 
would be increased, the 49-cent-per-pound 
price held to yearend 1983. 

American- and French-process lead-free 
zinc oxide at the beginning of the year were 
quoted at 44.5 to 46.5 cents and 46 to 48 
cents per pound, respectively. Prices for 
both remained the same until August at 
which time they were increased, generally 
paralleling the rise in zinc metal prices. 
Their respective quoted prices at yearend 
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were 53 to 53.5 cents and 55 cents per 
pound. The price of photoconductive-grade 
zinc oxide was quoted at or marginally 
higher than the price of French-process zinc, 
oxide. 

The quoted price of zinc sulfate, granular 
monohydrate industrial grade, 36% zinc, in 
100-pound bags, ranged from $26.50 to $29 
in 1983. Agricultural zinc sulfate, 36% zinc, 
in carload lots, was $20 per 100 pounds. 
Technical-grade zinc chloride, 50% solution, 
in tanks, was priced all year at $12.25 to 
$18.20 per 100 pounds. Standard pigment- 
prade zinc dust types 1 and 2, in drums, 
were quoted at 59 to 69.5 cents per pound. 


FOREIGN TRADE 


Domestic concentrate exports mainly 
came from G+ W’s Friedensville, PA, mine, 
which closed late in the year, and from the 
New York mines of St. Joe Resources, which 
had some of its concentrate toll processed in 
Canada. Exports of concentrates almost 
equaled the quantity imported. Imports of 
concentrates were the lowest since 1939, 
owing principally to the fact that only four 
of six domestic primary zinc smelters oper- 


ated in 1983. Slab zinc imports for consump- 
tion in 1983 were the thitd highest in his- 
tory. 

Import duties on unwrought zinc and 
other zinc materials continued to be reduc- 
ed in line with the Tokyo round of multilat- 
eral trade negotiations completed in 1979. 
Duties on zinc ores, concentrates, and zinc- 


. bearing materials continued to be suspend- 


^ ed during 1983. 


Table 2.—U.S. import duties for zinc materials, January 1, 1983 


Item TSUS No. 
Ores and concentrates!_________________ 602.20 
UMC. e oe eae it ii es Be 603.50 
Unwrought, other than alloys - - - ---------- 626.02 
ENEE . 626.04 
Waste and scrap! ____________________ 626.10 


96-467 


Most favored nation 
(MFN) 


0.48 cent per pound 
on zinc content. 


19% ad valorem ____ 
3.7% ad valorem _ _ _ _ 


1Duty on zinc ores, concentrates, and zinc-bearing materials suspended until June 30, 1984 


WORLD REVIEW 


World consumption of zinc rose signifi- 
cantly over the depressed levels consumed 
in 1982. According to the International 
Lead and Zinc Study Group (ILZSG), zinc 
metal consumption in the market economy 
countries in 1983 was 4.5 million tons, the 
highest level recorded since 1979. The larg- 
est increases in consumption occurred in 
the United States, Japan, the Federal Re- 
public of Germany, and Belgium. On a 
regional basis, consumption in the Ameri- 
cas, Asia, and Europe increased; whereas, it 
declined in Africa and Oceania. China be- 
came a large importer of zinc metal from 
the market economy countries in the last 2 


Non-MFN 


1.67 cents per pound 
on zinc content. 


Do. 
1.75 cents per pound. 
45% ad valorem. 
11% ad valorem. 


, as provided by Public Law 


years, importing 229,000 tons in 1983 and 
102,000 tons in 1982.4 | 

World zinc metal stocks fell during the 
first 10 months of 1988, but increased slight- 
ly in the last 2 months, ending the year at 
641,000 tons or 23% less than at the begin- 
ning of the year. LME stocks were 96,700 
tons at the end of 1983, 5,600 tons more 
than at the end of 1982. 

World mine production, according to the 
Bureau of Mines, was slightly above the 
record high 1982 output despite a 150,000- 
ton decrease in North American production. 
Smelter production in the market economy 
countries was at the highest level since 
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1979. 

The European Commission-approved plan 
for zinc smelter capacity reduction in West- 
ern Europe was placed on standby status in 
November when no candidates for closure 
were nominated. Under the plan, a compa- 
ny that closed its smelter capacity perma- 
nently would have been reimbursed $220 by 
the other zinc producers for each ton closed. 

At its annual October session, ILZSG 
projected that world zinc mine and smelter 
production and world zinc consumption 
would be higher in 1984 than in 1983. 

Australia.—Mine production was a record 
high in 1983 mainly owing to increased 
production at the Mount Isa Mine in 
Queensland and initial production at the 
new Elura Mine in New South Wales. 
Several other mines had marginally higher 
output; however, production at Broken Hill 
in New South Wales was lower. 

Mine and mill production at the Mount 
Isa Mine, owned by MIM Holdings Ltd., rose 
substantially owing to mine and mill capaci- 
ty expansions completed in 1982. Ore output 
reached record high levels in 1983 with the 
introduction of open-stoping mining meth- 
ods in some ore bodies replacing less produc- 
tive cut-and-fill methods. Startup of the new 
800-ton-per-hour heavy-medium separation 
plant, which was designed to reject about 
35% of the mill feed as waste material, 
resulted in record high output of zinc in 
concentrate. Because of the separation 
plant and other mill improvements, the zinc 
capacity of the mill jumped 65,000 tons to 
175,000 tons per year. Zinc production in 
concentrate for the fiscal year ended June 
30, 1983, was a record high 170,300 tons. 
Zinc-lead ore reserves at the end of the 
fiscal year were 53 million tons averaging 
6.66% zinc, 6.05% lead, and 4.8 ounces of 
silver per ton. At MIM's Hilton Mine, 12 
miles north of Mount Isa, construction of 
the main cage winder was well advanced 
and was expected to be completed in early 
1984. Trial stoping at the Hilton Mine was 
scheduled to start in 1985. Hilton ore was 
expected to be necessary to maintain future 
production levels at the Mount Isa complex. 
Hilton ore reserves at the end of the fiscal 
year were 45 million tons averaging 9.6% 
zinc, 6.6% lead, and 4.8 ounces of silver per 
ton. | 

In March, EZ Industries Ltd. (EZI) offi- 
cially opened its new silver-zinc-lead Elura 
Mine, 47 kilometers northwest of Cobar in 
New South Wales. The mine, which was 
developed at _a cost of $180 million, had an 
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expected mine life of at least 16 years. Plans 
called for the mining of 1.1 million tons of 
ore annually, resulting in production of 
about 130,000 tons of zinc concentrate and 
100,000 tons of silver-lead concentrate per 
year. Estimated ore reserves were 28.6 mil- 
lion tons averaging 8.1% zinc, 5.8% lead, 
and 4.3 ounces of silver per ton. For the 
fiscal year ended June 30, 1983, EZI milled 
299,600 tons of Elura ore producing 30,000 
tons of zinc concentrate averaging 44.9% 
zinc, 3.8% lead, and 5.9 ounces of silver per 
ton, and 15,800 tons of silver-lead concen- 
trate averaging 4.9% zinc, 45.5% lead, and 
45.5 ounces of silver per ton. 

In 1983, Conzinc Riotinto of Australia 
Ltd. (CRA), through its subsidiaries, Zinc 
Corp. Ltd. (ZC) and North Broken Hill 
Consolidated Ltd. (NBHC), processed 2.25 
million tons of ore and dump residues at its 
Broken Hill lead-zinc operations. Concen- 
trate production was 395,000 tons contain- 
ing 204,000 tons of zinc, which was about 
15,000 tons of zinc less than the record high 
output achieved in 1982. At yearend 1983, 
ZC ore reserves were 10.6 million tons 
averaging 9.5% lead, 9.0% zinc, and 2.9 
ounces of silver per ton; NBHC ore reserves 
were 18.9 million tons grading 11.5% zinc, 
7.5% lead, and 1.9 ounces of silver per ton. 

Cobar Mines Pty. Ltd., a CRA subsidiary, 
produced 7,900 tons of zinc at its CSA Mine 
at Cobar, New South Wales. Zinc output 
was down 15% in 1983 compared with that 
of 1982 despite a substantial increase in ore 
milled. Cobar continued its expansion pro- 
gram to raise ore capacity above 800,000 
tons annually by 1985. At yearend 1983, ore 
reserves at the CSA Mine were 2.3 million 
tons averaging 4.6% zinc, 1.6% lead, and 
1.6% copper. In addition, 1.9 million tons of 
probable ore containing 2% copper, but less 
lead and zinc, have been identified. 

Zinc production at Woodlawn Mines Ltd., 
a joint venture of St. Joe, Phelps Dodge 
Exploration Ltd., and NBHC, fell about 
14% because the mine was closed for the 
month of January as a cost saving measure 
because of low metal prices. In 1983, Wood- 
lawn milled 610,000 tons of zinc-lead-copper 
ore producing 114,000 tons of zinc concen- 
trate containing about 54,000 tons of zinc. 
Opencut mining was expected to end in 
1987 when recoverable ore reserves within 
the design limits of the open pit were ex- 
hausted. The feasibility of underground de- 
velopment of deep extensions of the main 
ore zone was under consideration. 

Australia slab zinc production increased 
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marginally in 1983. Increased output at the 
Cockle Creek and Port Pirie smelters of 
CRA offset a small decrease in production 
at EZI's Risdon, Tasmania, smelter. Risdon 
zinc production fell 4% to 184,178 tons, 
owing largely to limited electric power at 
economic prices. At Risdon, the first ship- 
ments of zinc concentrates from Elura were 
received in late February. A new plant to 
remove the higher arsenic impurity in Elu- 
ra zinc concentrates was commissioned. 

Canada.—Although zinc mine production 
declined by about 120,000 tons in 1983, 
Canada remained the leading world produc- 
er, accounting for about one-sixth of world 
output. The production decrease was largely 
attributable to the closure of Cominco's 
Pine Point Mine in the Northwest Territo- 
ries for the first half of 1983 and to the 
shutdown at the end of April of Noranda's 
Little River Mine in New Brunswick. To- 
gether, zinc output from these two mines 
was about 108,000 tons less than they pro- 
duced in 1982. The principal Canadian zinc 
producers in 1988 were Noranda, Cominco, 
and Kidd Creek Mines Ltd. The major 
producing mines, which accounted for about 
one-half of Canadian production, were 
Noranda's Brunswick Mining and Smelting 
Corp. Ltd. (BMS) No. 12 Mine in New 
Brunswick, Kidd Creek's Timmins Mine in 
Ontario, and Cominco's Polaris Mine in the 
Northwest Territories. 

Government loans and other Government 
concessions were used to encourage several 
zinc mines to resume operations or to con- 
tinue production. Cyprus Anvil Mining 
Corp., a subsidiary of Dome Petroleum Ltd., 
began a Government-supported 2-year mine 
reopening program in May at its Faro Mine 
in the Yukon. The mine, which produced 
107,200 tons of zinc in 1981, was closed for 
economic reasons in June 1982. The project, 
which consists largely of overburden remov- 
al, was expected to cost about $40 million, 
one-half of which was to be interest-free 
Government financing. Pine Point Mines 
Ltd., 69% owned by Cominco, reopened its 
Pine Point Mine in mid-June after a 5-1/2- 
month shutdown owing to depressed metal 
prices and high operating costs. The reopen- 
ing was made possible through cost reduc- 
tions via labor concessions, reduced smelter 
charges, Government-gupported rate reduc- 
tions in power and rail transport, and Gov- 
ernment provisions to allow unemployment 
insurance payments to be applied toward a 
portion of the wages paid to employees 
engaged in exploration and preproduction 
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work. Zinc production at Pine Point totaled 
72,800 tons in 1983 compared with 149,200 
tons in 1982. 

Difficult ice conditions slowed initial ship- 
ments of zinc concentrate early in the 
Arctic shipping season from Canada’s two 
most northerly zinc mines, the Polaris Mine 
on Little Cornwallis Island and the Nan- 
isivik Mine on Baffin Island; however, all 
planned shipments were made before the 
season ended. In 1983, Cominco completed 
its first full year of production at the Po- 
laris Mine. The company milled 829,000 
tons of ore, producing 132,000 tons of zinc in 
concentrate, most of which was shipped to 
Europe. Ore reserves at yearend were 16.9 
million tons averaging 14.8% zinc and 4.1% 
lead. 

Cominco’s Sullivan zinc-lead-silver mine 
at Kimberley, British Columbia, celebrated 
its 75th year of production in 19838. Ore 
milled fell 200,000 tons to 2.02 million tons 
because of an 8-day strike; however, zinc 
output in concentrates was 60,830 tons, up 
from 58,690 tons in 1982, owing to improved 
zinc grades. At yearend 1983, the ore re- 
serves at the Sullivan Mine were 42.6 mil- 
lion tons averaging 6.2% zinc, 4.4% lead, 
and 1.1 ounces of silver per ton. 

BMS, 64.1% owned by Noranda, treated 
3.4 million tons of ore, slightly less than the 
3.6 million tons milled in 1982. Zinc output 
totaled 245,000 tons or almost 23% of Cana- 
dian production in 1983. Ore reserves at 
yearend were 103 million tons grading 
9.81% zinc, 3.68% lead, 0.33% copper, and 
3.1 ounces of silver per ton. 

Sherritt Gordon Mines Ltd., operators of 
the Fox and Ruttan copper-zinc mines near 
Lynn Lake, Manitoba, announced that the 
Fox Mine would close in 1986 owing to 
exhaustion of ore and that the Ruttan 
operation would close in June 1984 for 
economic reasons. Late in 1983, Sherritt 
Gordon was seeking both Government and 
private loans to develop deeper ore reserves 
at Ruttan necessary to ensure continuation 
of operations. At yearend, the ore reserves 
at the Ruttan Mine were 21.7 million tons 
averaging 1.47% copper and 1.23% zinc. In 
1983, Sherritt Gordon's Lynn Lake oper- 
ations produced 12,400 tons of zinc in con- 
centrate. 

The Buchans Mine, 51% owned by Abi- 
tibi-Price Inc. and 49% by Asarco, was 
reopened in June after a 1-1/2-year shut- 
down to mine remaining ore reserves and to 
process stockpiled ore. Although some addi- 
tional reserves were found, a permanent 
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closure of the mine was expected in mid- 
1984. In 1983, Buchans’ production was 
about 2,000 tons of zinc in concentrate. 

Westmin Resources Ltd. continued devel- 
opment of its H-W base metal deposit near 
Myra Falls on Vancouver Island. Reported- 
ly, Westmin has committed $152 million to 
bring the deposit into production in late 
1984. Plans called for construction of a 
2,100-ton-per-day mill designed to process 
ore from the H-W Mine and two other 
nearby mines, the Lynx and Myra Creek, 
also owned by Westmin. An annual produc- 
tion of 30,000 tons of zinc in concentrate 
was expected. H-W ore reserves were esti- 
mated to be 13.8 million tons grading 5.8% 
zinc, 2.2% copper, 1.3% lead with 1.2 ounces 
of silver and 0.08 ounce of gold per ton. 


In October, Cominco officially opened its- 


highly automated 272,000-ton-per-year zinc 
electrolytic and melting plant at Trail, Brit- 
ish Columbia. The new $175 million plant, 
which has the largest capacity of any zinc 
plant in the world, replaced an older, labor- 
intensive, 245,000-ton-per-year electrolytic 
plant. The old plant required 550 operating 
and supervisory personnel; whereas, the 
new plant, because of automation and 
computer-controlled operation, was design- 
ed to employ only 230 people but with 10% 
more output. | 

Canadian Electrolytic Zinc Ltd. (CEZ), a 
Noranda subsidiary, officially opened its 
new $47 million roaster-acid plant complex 
at the company's Valleyfield, Quebec, zinc 
. refinery. The new roaster not only allowed 
CEZ to roast all of its concentrate at the 
refinery but also, together with other facili- 
ty changes, increased the annual zinc refin- 
ing capacity at Valleyfield by 9,000 tons to 
221,000 tons. Kidd Creek completed a 
19,000-ton expansion of annual capacity to 
127,000 tons at its zinc refinery at Hoyle, 
Ontario, by adding an $8 million zinc 
pressure-leach facility similar to that com- 
missioned by Cominco at Trail, British Co- 
lumbia, in 1982. The new facility, only the 
second of its kind in the world, replaced the 
need for additional roaster-acid capacity. 

Chile.—The $30 million El Torque zinc- 
lead mine project in southern Chile was 
officially inaugurated in November. The 
project, which is operated by Sociedad Con- 
tractual Minera "El Torque" Ltda., was the 
southernmost metalliferous mining oper- 
ation in the world, about 1,000 miles south 
of Santiago. The project involved develop- 
ment of two underground mines, Zuniga 
and San Antonio, and construction of a 750- 
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ton-per-day mill. Because the deposit occurs 
in one of the most desolate areas of Chile, a 
considerable investment in infrastructure 
was also required. Plans called for an annu- 
al production of 42,000 tons of zinc concen- 
trate grading 54% zinc, 13,000 tons of lead 
concentrate grading 76% lead with about 35 
ounces per ton of silver, and a small ton- 
nage of copper-gold concentrate. Initial 
shipments of concentrates were expected in 
January 1984. Estimated ore reserves were 
2.2 million tons averaging 11% zinc and 5% 
lead with significant amounts of cadmium, 
copper, gold, and silver. 

Ireland.—Bula Ltd., 4996 owned by the 
Irish Government, received permission to 
develop an underground mine at its lead- 
zinc deposit near Navan. Bula planned to 
begin mine development in 1984 with a 
startup in 1985. Plans called for an annual 
production of 80,000 tons of zinc in concen- 
trate and 15,000 tons of lead in concentrate. 
Ore reserves were estimated at 14 million 
tons averaging 6.7% zinc and 1.3% lead. 

Tara Mines Ltd. treated a record high 2.4 
million tons of ore from its Navan Mine in 
1983, producing 185,700 tons of zinc and 
33,000 tons of lead in concentrates. At 
yearend, ore reserves were 53.5 million tons 
grading 9.31% zinc and 2.6% lead. 

Peru.—Zinc exports, valued at $289 mil- 
lion, accounted for 9.7% of the total value of 
Peruvian exports in 1983. Mine production 
was at a record high, 9% higher than in 
1982. Centromin Pert S.A., a Government- 
owned company, was the principal zinc 
producer in 1983 with a production of 
190,700 tons. Centromin's seven concentra- 
tors processed 6.8 million tons of ore, includ- 
ing some from local private mines, and 
produced 220,500 tons of zinc in concen- 
trate. San Ignacio de Morococha S.A. (SIM- 
SA), operators of the San Vincente Mine at 
San Ramon, continued to be the largest 
private zinc producer in Peru. SIMSA proc- 
essed 570,000 tons of zinc ore, producing a 
record high 51,100 tons of zinc in concen- 
trate. Proven and probable reserves at the 
San Vincente Mine were 4.6 million tons 
averaging 12.1% zinc and 1.1% lead. Cía 
Minera Milpo S.A. operated the second 
largest private zinc-producing mine, the 
lead-zinc-silver El Porvenir Mine. The com- 
pany processed 634,000 tons of ore, produc- 
ing a record high 31,400 tons of zinc in 
concentrate, 24% more than in 1982. Milpo : 
continued its expansion and improvement 
program to raise ore capacity from 1,800 . 
tons per day to 3,100 tons per day in 1986. . 
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Plans called for a $17.5 million additional 
investment in the 1984-86 period. 

Capacity expansions, totaling 18,000 tons 
of zinc at three mines—Quiruvilca, Cecilia, 
and Carahuracra—were completed in 1983. 
A number of expansions in zinc mine capac- 
ity were expected to be completed in 1984 
and 1985. Centromin planned to increase 
zinc capacity 8,000 tons and 16,000 tons, 
respectively, at its Casapalca and Anday- 
chagua Mines in 1984. Sociedad Minera 
Gran Bretana S.A. was investing $14 mil- 
lion to develop new ore reserves at the 
Contonga Mine. Plans called for construc- 
tion of a 500-ton-per-day concentrator to be 
in production in July 1984 producing 7,800 
tons of zinc concentrate containing 52% 
zinc and 3,400 tons of lead-silver concen- 
trate. Gran Bretana was planning a further 
$15 million expansion in 1985 to increase 
output to 1,000 tons per day. Gran Bretana 
ore reserves were estimated to exceed 2.5 
million tons averaging 5.5% zinc, 3.2% lead, 
" 0.4% copper, and 4.7 ounces of silver per 
ton. 

In 1988, production at the 100,000-ton-per- 
year-capacity Cajamarquilla zinc refinery, 
owned by Empresa Minera del Perú (Mine- 
ro Perú), was 89,762 tons, lower than ex- 
pected owing to sabotage of electric power- 
lines and minor furnace accidents. The 
refinery continued to be a major fiscal 
burden on Minero Perú owing to the high 
financing charges for the project, $25.5 
million in 1983, equivalent to $0.12 per 
pound of refined zinc. An average cost of 
$0.50 per pound was thought to be the 
break-even cost of the refinery.5 . 

South Africa, Republic of.—Prieska Cop- 
per Mines (Pty.) Ltd. expected zinc-copper 
ore reserves at its Prieska Mine in north- 
east Cape Province to be exhausted in 1985. 
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For the fiscal year ended June 30, 1983, ore 
milled totaled 2.96 million tons yielding 
158,500 tons of zinc concentrate, up 18.9% 
over that of 1982, and 94,800 tons of copper 
concentrate. Ore reserves at the end of the 
fiscal year were 6.3 million tons. 

Black Mountain Mineral Development 
Co. (Pty.) Ltd., owned 51% by Gold Fields of 
South Africa Ltd. and 49% by Phelps Dodge 
Corp., produced a record high 22,400 tons of 
zinc in concentrate in 1983 at its Black 
Mountain lead-zinc mine in Cape Province. 
At yearend, Black Mountain ore reserves 
were 33.6 million tons averaging 6.0% lead, 
2.9% zinc, 0.4% copper, and 2.3 ounces of 
silver per ton. 

Thailand.—Padaeng Industry Co., a joint 
venture owned 67% by Thai Government 
and private interests, 30% by Union Mi- 
niére SA of Belgium, and 3% by Mitsui 
Mining and Smelting Co. Ltd. of Japan, 
continued development of the Mae Sod ziric 
deposit and construction of a 60,000-ton-per- 
year electrolytic zinc refining plant at Tak 
near the Burmese border. The Mae Sod 
deposit, which contains about 4.5 million 
tons of direct-shipping ore grading 26% zinc 
occurring as silicates and oxides, was being 
developed as an open pit operation. Mining 
costs were expected to be very low because 
of low labor cost and shallowness of the ore. 
Because of the nature of the ore, roasting 
would not be required to extract the zinc. 
Padaeng planned to leach the zinc directly 
from the ore followed by electrowinning. 
Technology to overcome problems associat- 
ed with silicate leaching, mainly silica-gel 
formation was incorporated in the zinc 
refinery design. The refinery was expected 
to be operational in October 1984. A mine 
life of 16 years was projected. 
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The genesis, geochemistry, and geology of 
Mississippi Valley-type lead-zinc deposits, 
the principal production sources of both 
lead and zinc in the United States, were 
reviewed. New data presented were ex- 
pected to lead to reassessments of known 
deposits and to aid the search for new 
deposits. Àn assessment of U.S. lead and 
zinc resources was published.’ Data indicat- 
ed the United States had substantial zinc 
resources, but the average cost of recovery 
for 90% of these resources was about the 
highest 1983 zinc price for High Grade. 

The Bureau of Mines investigated the 
processing of seafloor samples of massive 
zinc-copper-iron sulfides from the southern 
Juan de Fuca Ridge.* Zinc sulfide mineral- 


ization comprised 5596 and 80% of the two 
samples tested. Aqueous chlorine-oxygen 
leaching procedures were effective in ex- 
tracting 99% of the zinc and 97% of the 
silver. 

Technological trends in recovery of lead 
and zinc from scrap materials were dis- 
cussed at a special scrap meeting held by 
ILZSG.? Discussions on zinc dealt with zinc 
recovery from shredding cars, recycling of 
zinc scrap, improved zinc recovery systems, 
and recovery of zinc from steel plant flue 
dusts. 

The Bureau of Mines carried out a char- 
acterization study of electric furnace steel- 
making dust (EFD) to provide a basis for 
decisions concerning resource recovery, re- 
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cycling, and waste disposal.'?^ Most dust 
samples were found to be environmentally 
hazardous; they ranged from less than 1% 
zinc to 28% and averaged about 10%. Do- 
mestic EFD was virtually all disposed of in 
landfills. The total EFD generated annually 
was estimated to contain about 50,000 tons 
of zinc. Recycling was suggested as a means 
not only to recover the zinc and other 
valuable metals, but also to make the mate- 
rial environmentally safe. 

Modernization and improved operations 
at a number of electrolytic zinc plants were 
reported. Modernization of St. Joe Re- 
sources’ Monaca electrothermic smelter 
was described.? Although capacity was 
halved, changes at the Monaca smelter 
made it cost competitive with the world’s 
large electrolytic zinc producers. Flexibility 
in the choice of feed was considered to be 
one of the smelter’s most important attri- 
butes. 

Comprehensive coverage of zinc-related 
investigations and an extensive review of 
current world literature on the extraction 
and uses of zinc and its products are con- 
tained in quarterly issues of “Zinc Ab- 
stracts" published by the Zinc Development 
Association, London, United Kingdom.: 


1 Physical scientist, Division of Nonferrous Metals. 

2Zinc Institute Inc. U.S. Automotive Market for Zinc 
Coatings, 1983. 1983, 3 pp. 

3———. U.S. Automotive Market for Zinc Die Castings, 
1977-1983. 1983, 2 pp. 

‘International Lead and Zinc Study Group (London). 
Lead and Zinc Statistics. V. 24, No. 5, May 1984, p. 46. 


929 


"Metal Bulletin (London). Debt Problems for Caja- 
marquilla. No. 6806, July 22, 1983, p. 5. 

SKisvarsanyi, G., S. K. Grant, W. P. Pratt, and J. W. 
Koenig (eds.). International Conference on Mississippi 
Valley Type Lead-Zinc E Proceedings Volume. 
Univ. MO, Rolla, MO, 1983, 603 

"Kilgore, C. C., S. J. Arbelbide, and A. A. Soja. Availabil- 
ity of Lead and Zinc—Domestic. A Minerals Availability 
Program Appraisal. BuMines IC 8962, 1983, 30 pp. 

5Sawyer, D. L., Jr., G. A. Smyres, J. J. Sjoberg, and T. G. 
Carnahan. Cl2-O2 Leaching of Massive Sulfide Samples 
From the Southern Juan de Fuca Ridge, North Pacific 
Ocean. BuMines TPR 122, 1983, 8 pp. 

?International Lead and Zinc Study Group (London). 
Secondary Lead and Zinc, Special Meeting of the Scrap 
Sub-Committee. Final Report, Sept. 1983, 326 pp. 

10Law, S. L., W. F. Lowry, J. G. Snyder, and G. W. 
Kramer. Characterization of Steelmaking Dusts From 
Electric Arc Furnaces. BuMines RI 8750, 1983, 26 pp. 

11Osseo-Asare, K., and J. D. Miller (eds.). Hydrometal- 
lurgy: Research, Development and Plant Practice. Metall. 
Soc. AIME, Warrendale, PA, 1983, pp. 587-969. 

12Bounds, C. O. Modernization of the Monaca Electro- 

Pete Zinc Smelter. J. Met., v. 35, No. 8, Aug. 1983, pp. 


137inc Develo opment Association. Zinc Abstracts. V. 41, 
Nos. 1-4, 1983, 299 pp 


Table 3.—Mine production of recoverable 
zinc in the United States, by month 


(Metric tons) 
Month 1982" 1983 
January EE 24,295 25,190 
February ---------------- 24,660 23,046 
March egen te erte 26,289 25,631 
Te A tse E 23,355 23,054 
PA ANI A ET 25,569 22,474 
AAA AN 27,016 21,137 
EA AE 21,337 20,163 
August ________________- 27,438 24,043 
September ______________-_ 26,108 23,072 
October EE x 27,843 23,938 
November_______________~_ 25,923 21,853 
December. -—------------—- 23,321 21,693 
Total c Lom 303,160 275,294 
TRevised 


Table 4.—Mine production of recoverable zinc in the United States, by State 


(Metric tons) 


Colorado ___________________________ 
TORO AAA os lone ee He eee! ae ate 


Nod cute eee eee eee 


Ke alt BEE 
Wisconsin. __________________________ 


"Revised. W Withheld to avoid disclosing company proprietary data; included in “Total.” 


1979 1980 1981 1982 1983 
W W 138 SS __ 
W 2 W m i 
9,910 13,823 W W W 
29.660 21.122 W W W 
W W W W W 
IT E W W W 
61,682 62,886 52,904 63,680 57,044 
104 71 25 W d 

2 WW j 
31,118 28,859 16,198 16,800 16,475 
12,133 33,629 36,889 T52 237 56,748 
21.447 22 556 24.132 24.162 16,792 
85,119 111.754 117,684 121.306 109,958 
W W 576 E BS 
11,406 12,038 9.731 Si DT 
W W =. SS 
267,341 317,103 312,418 "303,160 275,294 
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Table 5.—Production of zinc and lead in the United States in 1983, by State 
and class of ore, from old tailings, etc., in terms of recoverable metals 


(Metric tons unless otherwise specified) 


Zinc ore Lead ore Zinc-lead ore 
State Gross Gross Gross 
weight Zinc Lead weight Zinc Lead weight Zinc Lead 
(dry basis) (dry basis) (dry basis) 
Alaska -_____-_ e En -— ee S EM he mit Se 
Arizona. _ Sege E e A" Së mga: SA ae es 
California _____ Sa om oe eek Ba MT EE DE ae PE 
Colorado ______ e m HE ul "m ak W W W 
Idaho ________ ON ee or 1 Se 1 ae ae ES 
Illinois -_:____ SR SES SC Se M = RN Se SC 
Kentucky _____ W W NN 2E SS SE SE oe "T 
Missouri ______ ae om ae 7,303,066 51,044 409,280 De Ste eg 
Montana __ ... SE Ss "n "dm T ae Ge TON E 
Nevada. . ... NS — SH oe m n - "T "E 
New Jersey .... 87,761 16,475 Se 8 2 PME EE = e = 
New Mexico _ _ _ _ Bn EN ZER ee SE m SC SEHR TN 
New York ..... 683,150 56,148 1,299 a oe fae n par ne: 
Oregon ____ ___ ae =z E PN aya c E e As 
Pennsylvania _ _ _ 338,531 16,792 ME " M "E SI — MN 
Tennessee | ... 4,019,432 108,352 REM e ng E SS SC ER 
Total ______ 15,128,874 1198367 1,299 7,303,067 57,044 409,281 (2) (2) (2) 
Percent of total 
zinc and lead XX 72 (3) XX 21 91 XX (2) (3) 
Copper-zinc, copper-lead, 4 
copper-zinc-lead ores All other sources Total 
Gross Gross Gross 
weight Zinc Lead weight Zinc Lead weight Zinc Lead 
(dry basis) (dry basis) (dry basis) 
Alaska _______ ee MS m W "m W W oe W 
Arizona_______ m um — 1,264,116 M 144 1,264,116 S 144 
California |... .. a2 GER SÉ? W D W W e W 
Colorado ______ ee E M W W W W W W 
Idaho ________ E {Je eer 601,597 W 29,129 601,598 W 25,126 
Illinois |... .... o " E (5) W W (5) W 
Kentucky ____-_ dns n" i Sa E Le W W m 
Missouri _____-_ zs C so "- TE is 7,303,066 57,044 409,280 
Montana |... |... ZA sz de 2t 9,473,890 aoe 1,163 9,473,890 "T 1,163 
Nevada. Se ead me 7,014 Sa? 14 7,014 mS 14 
New Jersey |... GG ep Sien eg Se aes EN 87,161 16,475 c" 
New Mexico _ _ _ WS D E 89,581 ze 258 89,581 zs 258 
New York | |... SCH Es MIS SM "T E 683,150 56,748 1,299 
Oregon ______~_ ee Se em W E W W -— W 
Pennsylvania .... = ee SE WS Steng 338,531 16,792 E: 
Tennessee ____ _ 1,822,270 . 1,605 n" EM "y E 5,841,702 109,958 Sis 
Total _____-_ 1,822,210 1,605 TM 17,948,423 18,278 38,458 | 32,202,684 275,294 449,038 
Percent of total 
zinc and lead XX 1 Esa XX 7 9 XX 100 100 
W Withheld to avoid disclosing company proprietary data; included in “Total.” XX Not applicable. 


1Zinc ore and zinc recovered from zinc ore in Kentucky included with “All other sources” to avoid disclosing company 


proprietary data. 


2Included with “All other sources” to avoid disclosing company proprietary data. 


3Less than 1/2 unit. 


“Includes zinc recovered from zinc ore in Kentucky and lead and zinc recovered from lead-zinc ore in Colorado in order 
to avoid disclosing company proprietary data. Also includes lead and zinc recovered from copper, gold, silver, and 
fluorspar ores and from mill tailings and miscellaneous cleanups. 


5Excludes tonnages of fluorspar from which lead and zinc were recovered as byproducts. 
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Table 6.—Twenty-five leading zinc-producing mines in the United States in 1983 


Rank 


«o 00 -10» Oia 02 02 em 


Mine 


Elmwood-Gordonsville _ . 


Pierrepont 
New Market 
Magmont 
Leadville 
Brushy Creek 


CY A AA 


Zinc Mine Works 
Sunnyside 


Fletcher 


Mission 


Eisenhower 
Lucky Friday 
Copperhill 


Viburnum No. 28 
Viburnum No. 29 


Hyatt AAA 


San Xavier 
Rosiclare mill 


in order of output 


County and State 


Smith, TN 


St. Lawrence, NY _ 


Iron, M 


Jefferson, TN ___ 


Sussex, NJ 
Knox, TN 
Lehigh, PA 


St. Lawrence, NY _ 
Jefferson, TN ___ 


Iron, MO 
Lake, CO 


Reynolds, MO _ _ _ 
Jefferson, TN ... 


San Juan, CO ___ 
Reynolds, MO ` _ 


Iron, MO 


Washington, MO _ 


Pima, AZ 


Polk, TN 


St. Lawrence, NY _ 


Pima, AZ 


Hardin & Pope, IL 


Operator 


Jersey Minière Zinc Co _ _ _ 


St. Joe Resources Co 


AMAX Lead Co. of Missouri 

ASARCO Incorporated _ __ 
The New Jersey Zinc Co... 
ASARCO Incorporated |... 
The New Jersey Zinc Co __ 


St. Joe Resources Co 


ASARCO Incorporated ` _ 
Cominco American Inc _ _ _ 
ASARCO Incorporated _ _ — 


St. Joe Lead Co 


ASARCO Incorporated |... 
United States Steel Corp - - 


Standard Metals Co 
St. ger Lead Co 
____do 


o 
ASARCO Incorporated - - — 
Eisenhower Mining Co _ - . 


Hecla Mining Co 


Tennessee Chemical Co - _ _ 


St. Joe Resources Co 


ASARCO Incorporated _ _ — 


Ozark-Mahoning Co 


Source of zinc 


Zinc ore. 


Do. 


Lead ore. 
Zinc ore. 
Do 


Do. 
Do. 
Do. 
Do 


Lead ore. 
Lead-zinc ore. 
Lead ore. 
Zinc ore. 
Do 


Gold ore. 
Lead ore. 


O 


Silver ore. 
Copper-zinc ore. 
Zinc ore. 
Copper ore. 
Fluorspar. 


Table 7.—Primary and redistilled secondary slab zinc produced in the United States 


(Metric tons) 


Primary: 


From domestic ores 
From foreign ores 


Redistilled secondary: 


At primary smelters 


At secondary smelters 


Grand total (excludes zinc recovered 


by remelting) 


1979 
255,344 
217,137 
472,481 

40,343 

12,868 
153,212 


1980 
231,850 
108,606 
340,456 

13,113 

16,283 

29,396 


1981 
259,835 
86,728 
346,563 
14,438 
35,754 
50,192 


525,693 


1Data do not add to total shown because of independent rounding. 


Table 8.—Distilled and electrolytic zinc, primary and secondary, produced in 


Continuous Galvanizing 
Controlled Lead 
Prime Western 


369,852 


the United States, by grade 


(Metric tons) 


1979 


173,082 
39,247 


40,319 
210,362 


525,693 


1980 


148,384 
24,552 
45,215 
18,650 

132,991 


369,852 


396,755 


1981. 


137,210 
91,990 
90,008 
38,660 

113,887 


396,155 


1982 


193,284 
34,892 


228,176 
42,418 
31,870 
74,288 


302,464 


1982 


112,648 
31,076 


302,464 


1983 


210,315 
25,379 


235,694 
40,545 
28,845 
69,390 


305,084 


1983 ` 


95,395 
78,511 
50,661 
10,231 
70,286 


305,084, 
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Table 9.—Annual slab zinc capacity of primary zinc plants in the United SE 
by type of plant and company 


Slab zinc capacity 
Type of plant and company Plant location (metric tons) 
1982 1983 
Electrolytic: 
AMAX Zinc Co. Inc -------------- Sauget, IL `- ---------------—- 76,000 76,000 
ASARCO Incorporated `... Corpus Christi, TX ______________ _ 1104,000 1104,000 
The Bunker Hill Co |... Kellogg. ID- - ---------------—- 2103,000 2103,000 
Jersey Minière Zinc Co Clarksville, TN ---------------- 82,000 82,000 
National Zinc Co - - -- ------------ Bartlesville, OK. --------------- 51,000 51,000 
Electrothermic: 
St. Joe Resources Co- - ----------—- Monaca, PA ` Lco 77,000 91,000 


1Zinc plant closed in Oct. 1982. 
2Zinc plant closed in Dec. 1981. 


Table 10.—Secondary slab zinc plant capacity in the United States, by company 


Capacity 
Company Plant location (metric tons) 
1982 1983 

Arco Alloys Corp - oi o Detroit, WE _----------------—-- 
W. J. Bullock Inc___-____________._-_ Fairfield, AL ----------------- 
T. L. Diamond & Co. Inc_____________-_ Spelter, WV __________________ 
Hugo Neu-Proler Co... Terminal Island, CA _____________ 
Huron Valley Steel Corp ___________-_~- Belleville, MI ----------------- 
Interamerican Zinc Co ____________-~ Adrian, MI. ----------------—- 195,000 95,000 
The New Jersey Zinc Co, Palmerton, PA _-___-___-- c cs 
Pacific Smelting Co... Torrance, CA cette do 

AA ASI Memphis, TN BEE 
Prolerized Schiabo Neu Co - ----------- Jersey City, NJ ________________ 

"Revised. | 


Table 11.—U.S. stocks and consumption of new and old zinc scrap in 1983, by class of 
consumer and type of scrap 


(Metric tons, zinc content) 


Consumption 
Class of consumer and Stocks, EE Stocks, 
type of scrap Jan. 1 P New Old Total Dec. 31 
scrap scrap 
smelters and distillers: 

New clippings =.) redeo 21 995 993 Gë 993 23 
Old 2in@: LL a ee ctos 699 1,101 e 1,520 1,520 - 280 
Remelt zinc: mn eege ee 9 8,107 7,981 EJ 7,981 135 
3 Engravers’ plates- ----------------- 63 575 ie. 585 585 53 
Rod and die scrap________________-- 974 2,405 a 2,387 2,387 992 
e Diecastings ___________-_--____-~- 1,535 11,639 ` ae 11,554 11,554 1,620 
Fragmentized diecastings- - - - - -------- 3,009 21,108 s 27,017 27,017 3,100 
^  Remelt die-cast slab ________________ 642 8,739 SSC 8,739 8,739 642 
d Skimmings and ashes `... 48,022 62,441 72,920 E 12,920 37,543 
Sal skimmings ------------------- 14 134 127 SN 127 21 
35 Die-cast skimmings._______________- 2,280 5,707 6,185 Sg 6,185 1,02 
Galvanizers’ dross ________________-_ 11,807 35,148 34,197 are 34,197 12,758 
PUG TEE 3,154 3,509 3,509 Ee 3,509 ,154 

Chemical residues _________________ 295 3,157 3,157 ram 3,157 
Other AA a a 16 2,689 2,702 -— 2,102 63 
Total______ ee 72,600 173,454 131,771 51,802 183,573 62,481 

—Jchemical plant, foundries, other manufacturers 

ZIDGA ese Ee 10 l 23 BA 23 23 10 
Rod and die scrap- - - - - ------------- 10 33 Ee 43 43 Gen 
Diecastings --------------------- 18 268 ee 268 268 18 
Skimmings and ashes --------------- 1,579 3,266 3,236 es 3,236 1,609 
Salskimmings __________________~_ 3,378 4,956 5,717 SEN 5,717 2,617 
. Galvanizers’ dross _________~________ 2 100 100 Se 100 2 
Fluüedust-— EE 475 6,155 6,133 TER 6,133 497 
Chemical residues |... 3,749 1,415 5,155 e 5,155 9 
OC A a es ey M 1 818 818 MM 818 1 


A ee 9,222 17,034 21,159 334 21,493 4,763 
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Table 11.—U.S. stocks and consumption of new and old zinc scrap in 1983, by class of 
consumer and type of scrap —Continued 


(Metric tons, zinc content) 


Consumption 


Class of consumer and Stocks, ; Stocks, 
type of scrap Jan.1 Receipts New Old Total Dec. 31 

scrap scrap 

All classes of consumers: 

New clippings - - --------------—--_ 21 995 993 za 993 23 
Old ZINC: o 20 dun a is s. a tie 109 1,124 fu 1,543 1,543 290 
Remelt zinc -----------------—-— 9 8,107 7,981 EN 1,981 135 
Engravers’ plates. __-______--_____. 63 575 == 585 585 53 
Rod and die scrap- _ 984 2,438 ae 2,430 2,430 992 
Diecastings _________.~___________ 1,553 11,907 ate 11,822 11,822 1,638 
Fragmentized diecasting ____________~- 3,009 27,108 Eë 27,017 27,017 3,100 
Remelt die-cast slab |... _ 642 8,739 Se 8,739 8,739 642 
Skimmings and ashes ______________~- 49,601 65,707 76,156 m 16,156 39,152 
Sal skimmings __________________~- 3,392 5,090 5,844 as 5,844 2,638 
Die-cast skimmings_ _______________~_ 2,280 5,707 6,185 Se 6,185 1,802 
Galvanizers’ dross ________________~- 11,809 35,248 34,297 zr 34,297 12,760 
Flüe dust. scite tm eerte bec 3,629 9,664 9,642 SCH 9,642 3,651 
Chemical residues |... 4,044 4,572 8,312 GE 8,312 304 
Other- oos eos e gs ipl AA 77 3,507 3,520 NR 3,520 64 
Tota PO PITE 81,822 190,488 152,930 52,136 205,066 67,244 


Table 12.—Production of zinc products from zinc-base scrap in the United States 


wee Pf eee 


Redistilled slab zinc 


Zinc dust ______________ 


Remelt zinc 
Remelt die-cast slab 


Zinc-die and diecasting alloys_ _ 
Galvanizing stocks _______-_ 
Secondary zinc in chemical products 


— — dl SS — ` vm 


(Metric tons) 


Product 


1979 


93,212 
34,141 
89 


3,911 
6,328 
2,131 
99,148 


1980 


1981 


90,192 
39,626 
195 
6,722 
6,902 
2,612 
62,557 


1982 


14,288 
29,296 
69 
3,905 
9,966 


2,507 
61,827 


1983 


69,390 
42,938 
66 


3,109 
6,535 
2,801 
59,085 


Table 13.—Zinc recovered from scrap processed in the United States, by kind of scrap 
and form of recovery 


New scrap: 


(Metric tons) 


KIND OF SCRAP 


Zinc-Dasé uoto ein se Rear oe ee do RR 


Copper-base 


Copper-base 


Aluminum- Dase -c o oo ere de a I ti AV re c E EA. Ee ME 
NËT TEE 


As metal: 
By distillation: 


Slab zinc! sce EE OREL ERREUR MER ee ee ee tardas oe ad JE 
21N AAA ss a he AA 
By Ee EE 


See footnotes at end of table. 


1982 


127,651 
94,891 
113 


222,655 


62,314 
284,969 


74,288 
25,296 
2,576 


102,160 


1983 


152,653 
119,590 
131 


272,374 


16,253 
348,627 


69,390 
42,938 
2,861 


115,195 
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Table 13.—Zinc recovered from scrap processed in the United States, by kind of scrap 


and form of recovery —Continued 


(Metric tons) 


1982 1983 
FORM OF RECOVERY —Continued 
In zinc-base EE 9,271 9,644 
In brass and EE 111,003 163,900 
In aluminum-base alloys ________________________________________- 376 454 
In magnesium-base alloys -~ --------------------------—-—-—-—-—-—---—--—-——— 332 349 
In chemical products: 
Zinc oxide (lead free) -------------------—--—----------—-—---—-—-———— 35,969 33,196 
Zinosulfate: to com n es ba ias c tpi ete Le e las e tado e daa E LM Sc a 16,079 14,975 
Zne Chloride IN ER 9,490 10,207 
Miscellaneous: edu ras ds ir ee Bae ee e m Eri LUE. e E 289 707 
Tob. o a na eel eR LLL a e Pim Oe it ita DO dE es ie 182,809 233,432 
Grand total? a aio oasis a de o dal aida Ese cad aida Ed 284,969 348,627 
1Includes zinc content of redistilled slab made from remelt die-cast slab. 
Table 14.—Zinc dust produced in the 
United States 
Value 
Quantity 
Year (metric Total Average 
tons) (thou- per 
sands) pound 

1979-2 2 n tm 36,186 $36,075 $0.452 

1980___------ 42,640 41,202 .438 

198] ome 43,134 753,801 r 558 

1982_____---- 37,516 749,327 r 596 

1983 iui 48,612 55,090 .513 

TRevised 
Table 15.—U.S. consumption of zinc 
(Metric tons) 
1979 1980 1981 1982 1983 

SIab ZINC ecc icr uA e ru AE e 1,000,606 811,146 840,875 109,491 805,891 
Ores and concentrates (zinc content)! ________ 19,710 58,986 60,643 35,515 38,287 
Secondary (zinc content?________________ 313,998 272,277 287,851 208,105 276,370 
Total asm th eh te 1,394,314 1,142,409 1,189,369 953,111 1,120,548 


1Includes ore used directly in galvanizing. 
2Excludes redistilled slab and remelt zinc. 
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(rabie 16.—U.S. consumption of slab zinc, by industry and product 


(Metric tons) 


Industry and product 1979 
Galvanizing: 

Sheet and strip- __________________- 267,825 
Wire and wire rope ________________ _ 23,557 
Tubes and pipe . 2 45,643 
Fittings (for tubes and pipe) _-_-__________ 8,231 
Tanks and containers o 4,081 
Structural shapes __________________ 33,875 
Fasteners ______________________ _ 4,993 
Pole-line hardware _________________ 4,839 
Fencing, wire cloth, netting ------------ 21,920 
Other and unspecified uses. -___________ 37,839 

y EE 452,803 

Brass products: 

Sheet, strip, plate __________________- 64,222 
Rod and wire ------------------——- 51,130 
Tubes: te bel E ts 6,690 
Castings and billets _-________________ 3,634 
Copper-base ingots. ________________- 6,800 
Other copper-base products ___________ _ 8,928 

d KEE 141,404 


Zinc-base alloys: 


Diecasting alloys. - - - --------------- 308,722 
Dies and rod alloys ` 68 
Slush and sand-casting alloys - - - E PN 5,266 
Qr gc 314,056 
Rolled Zine «LEER 22,044 
Zinc EE 35,513 
Other uses: 
Light-metal alloys - ----------------- 12,850 
Miscellaneous? _----------------——- 21,936 
Total EE 34,786 
Grand total __________________- 1,000,606 


Includes zinc used in penny production. 


1980 


220,744 
22,748 
37,075 

7,394 
3,297 
33,376 
3,189 
4,078 
16,022 
31,304 


379,227 
37,730 
32,994 

4,702 
2,808 
17,190 
3,842 


98,826 


248,024 
6,203 
254,221 


21,100 
27,047 


11,137 
19,582 
30,719 
811,146 


1981 


248,006 
22,119 
39,418 

6,369 
5,781 
33,667 
3,693 
3,788 
17,722 
30,484 


411,047 
42,006 
36,639 

6,440 
2,880 
20,167 
4,854 


112,986 


234,957 
8,408 
243,365 


123,156 
29,651 


8,183 
16,481 
24,664 


840,875 


1982 


204,519 
17,180 
34,322 

9,107 
6,507 
28,816 
2,898 
2,959 
17,330 
21,810 


342,044 
31,718 
26,951 

3,465 
2,211 
13,278 
3,915 


81,138 


191,607 
6,147 
197,754 


137,168 
32,374 


8,326 
10,687 


19,013 
709,491 


2Includes zinc used in making zinc dust, wet batteries, desilverizing lead, powder, alloys, chemicals, 


miscellaneous uses not elsewhere mentioned. 


Table 17.—U.S. consumption of slab zinc in 1983, by industry 


(Metric tons) 


Special High Continuous 
Industry High G si S Galvanizing 
Grade ra Grade 
Galvanizing ---------- 54,788 44,215 ` 62,449 
Brass and bronze, 52,833 40,734 189 
Zinc-base alloys -------- 209,229 3,619 SE 
Rolled anc, 37,470 EN xut 
Zincoxide. |. 36,201 E D 
Other. 552,03 ce eg e 16,169 2,456 = 
Total. EE 406,690 91,024 62,638 


Controlled 
Lead Grade 


41,794 


60,833 


18,821 


Prime 
Western 


167,986 


769 
179,110 


Remelt 


935 


373,179 


43,083 
32,387 
4,058 
1,499 
16,405 
4,503 


107,935 


204,820 
8,071 
212,891 


156,291 
36,201 


12,538 
6,856 
19,394 
805,891 


castings, and 


Total 


373,179 
107,935 
212,891 
56,291 
36,201 
19,394 


805,891 
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Table 18.—U.S. consumption of slab zinc in 1983, by State 


(Metric tons) 
Galva- Brass Die- 3 
State Mier mills! casters? Other Total 
Alabama. oceans ee 7,436 W E W 9,240 
Aroni dele eur th s a p hala Dre t EM NS E W W 
Arkansas MEA A a o W Se a W 1,424 
California- es perit 25,257 2,353 7,956 8,372 43,938 
Colorag0 EEN W Sa W W 
Connecticut- oe s ts Ee 2,290 9,558 W W 18,530 
Delaware coa oo sas a ee W W E W 
Floridi- ii o ai cmi es 3,982 ES Ee is 3,982 
Georgia ie al Sh hs e Li W MM W Se 7,192 
PAG WOU lociones a ie oes oe ee e W ian S Sue: W 
HIEL S EA AA ca ie 49,431 17,457 38,305 15,989 121,182 
Indiana A A A een s 63,556 W W 89,500 
lowa a leis gt sei a ae aS W W W 
CULO EE ee a W e W 
Mentucky dc a nib om ap W oo =e SER W 
Louisiana |... 2 2-222222 2222-2 W Sa W "VN 2,889 
Maine ud ee cecus asd W Ste Gë AM 
Maryland - --------------------- 12,264 mS = TS 12,264 
Massachusetts ~ - --- ----------------—- 3,326 W is 4,103 
Michigan === -= 859 11,221 43,887 191 56,158 
Minnesota. - - -- -----------------—- 454 ee RE SP 454 
Mississippi ==> 2 opa W Za EE GES W 
RE, E BEE 2,948 W W W 4,216 
A cene ee 8,133 W W W 8,711 
New Jersey -ooococoooocoooooooomooo.- 1,487 4,167 4,866 2,165 12,685 
New York os re ee uc us 18,582 15,797 65,687 1,418 101,484 
North Carolina... 222 2 22-22-22 22-2 W E W 2,290 
ONO MMC NEMPE 53,847 W 36,883 W 99,693 
Oklahoma- - - - --------------------- W d oes W ,174 
le AA EN W W aa 2 835 
Pennsylvania- - - --- -----------------— 47,398 5,679 W W 80,910 
Rhode Island ~- ---------------------- om oer W W W 
South Carolina... 2222222222222 1,732 ut zu cs 1,132 
Tennessee- - - -------------------——- W SE W W 48,429 
TOXIN co agatha ecu rotam nes eir 11,398 W W W 11,579 
OCA AAA A W W E T 1,823 
el, TB W W W W 2,111 
Washington- - -------------------——- W za NES W 2,168 
West Virginie: ---------------------- W e e W 18,521 
Wisconsin. ___________--_---------- 868 520 W W 6,221 
Undistributed ____________________-_~- 55,989 37,549 15,292 83,751 21,077 
Total la tt ee ceni Eis e E 371,232 104,301 212,876 111,886 800,295 
W Withheld to avoid disclosing company proprietary data; included with “Undistributed.” 
1Includes brass mills, brass ingot makers, and brass foundries. 
?Includes producers of zinc-base alloy for diecastings, stamping dies, and rods. 
3Includes slab zinc used in rolled zinc products and in zinc oxide. 
*Excludes remelt zinc. 
Table 19.—Rolled zinc produced and quantity available for consumption 
in the United States 
(Metric tons) 
1982 1983 
Production:? 
Photoengraving plate- ~- - ---------------------------—-—-—-—--—---—-——— W W 
Strip and fot. EE W W 
Total rolled EE 36,365 54,980 
e WEE 995 957 
MG A A AA A E A E AA 700 319 
Available for consumption menm Eee OR EE 30,143 58,029 


W Withheld to avoid disclosing company proprietary data; included in “Total rolled zinc.” 

lFigures represent net production. In addition, 27,997 tons in 1982 and 39,251 tons in 1983 were rerolled from scrap 
originating in fabricating plants operating in connection with zinc-rolling mills. 

2Includes other plate over 0.375 inch thick, sheet zinc less than 0.375 inch thick, and rod and wire. The Bureau of Mines 
is not at liberty to publish separately. 
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Table 20.—Production and shipments of zinc pigments and compounds: in the 


United States 
(Metric tons) 
1982 1983 
dra Shipments Geet Shipments 
Zincoxide ele eh i CU a EL 123,461 127,434 129,596 135,054 
AL n S s ee ele EE 42,934 38,922 39,287 34,986 
Zinc chloride? _______________________________ 11,888 12,292 13,606 13,456 
!'Excludes leaded zinc oxide and lithopone. 
2Includes zinc content of zinc ammonium chloride. 
Table 21.—Zinc content of zinc pigments! and compounds produced by 
domestic manufacturers 
(Metric tons) 
1982 1983 
Zinc in pigments and com- Zinc in pigments and com- 
pounds produced from—- pounds produced from—- 
Slab Second ee "` Slab Second PS 
a ondary a ondary 
Ore zinc material Ore zinc material 
Zinc oxide . -------- 30,506 32,374 35,969 98,849 34,531 36,201 33,196 103,928 
Zinc sulfate |... W E 17,388 17,888 W en 15,910 15,910 
Zinc chloride? |... Ge Ss 5,675 5,675 Sch Se 6,518 6,518 
W Withheld to avoid disclosing company proprietary data; included with “Secondary material.” 
1Excludes leaded zinc oxide, zinc sulfide, and lithopone. 
2Includes zinc content of zinc ammonium chloride. 
Table 22.— Distribution of zinc oxide shipments, by industry 
(Metric tons) 
Industry 1979 1980 1981 1982 1983 
Agricullüféco cuo A ud 4,397 6,930 7,328 3,929 2,569 
Ceramica oai o a ces o a eas ate 9,236 5,702 7,822 0,215 5,987 
Chemicals. m e oncle demere a ena » 21,110 17,551 20,561 19,432 19,217 
Pants ee mue Piet ee ee 12,503 12,165 12,346 9,283 9,716 
Eet » 16,148 9,604 10,308 9,516 10,239 
q) n euo SS 93,075 61,796 69,364 62,923 67,971 
Other. e c ar e o E LE A Ln E 16,700 22,028 21,222 17,136 19,355 
Totül. dori da Le 179,769 135,776 148,951 127,434 135,054 
Table 23.—Distribution of zinc sulfate shipments 
(Metric tons) | 
Year Agriculture Other Total 
KA 27,768 7,928 35,696 
DE ENERO DOR ala HUS 30,928 6,951 37,879 
KEE EE 29,882 9,040 38,922 
EE 29,373 5,613 34,986 
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Table 24.—Stocks of slab zinc in the United States, December 31 


(Metric tons) 
1979 1980 1981 1982 1983 
Primary producers ~- ------------------------—— 56,971 18,190 41,124 "30,381 20,750 
Secondary producers... - - -------------------—-——-— 2,095 4,362 3,540 3,831 3,149 
Consumers EE 92,595 69,599 81,917 77,565 89,041 
a AAA EE (1) 33,650 68,713 47,397 35,199 
¿AAA a en ee 151,661 125,801 195,354 159,174 148,139 


"Revised. 
1Stocks on Jan. 1, 1980, were 63,637 tons, which can be considered identical to stocks at yearend 1979. 


Table 25.—U.S. consumer stocks of slab zinc at plants December 31, by grade 


(Metric tons) 
Special : Continuous : 
à High "has Controlled Prime 
Year igh Galvinizing Remelt Total 
Grade Grade Grade Lead Grade Western 
IORD. «conecte 36,312 8,047 1,615 6,863 24,599 129 77,565 


RT A toss eL 43,685 10,077 4,510 5,700 24,922 147 89,041 


Table 26.—Average monthly U.S., LME,' and European producer prices for 
Prime Western zinc and equivalent 


(Metallic zinc, cents per pound) 


1982 1983 

Month United LME European United LME European 

States? cash producer States? cash producer 
January e ute c E LLL et iA LUE 42.11 31.10 41.39 38.61 31.68 36.29 
February- um e el ee ny eh 42.72 37.30 89.69 38.62 30.88 34.02 
MARC E ctas cares ths Ar c a 39.23 35.78 40.19 37.90 30.75 34.02 
Api xul c A 35.51 33.65 39.01 38.00 31.61 34.02 
Cy a A tee ei ene 34.67 34.01 39.01 38.11 33.34 34.02 
Juhg s is ee oe d 34.60 31.33 36.79 39.46 32.56 35.38 
duly ect su Lu eu IE A E 35.66 32.80 36.29 40.01 33.54 35.38 
August <a ha c c a eh 37.79 32.43 36.29 40.56 36.67 36.88 
September ________________________- 39.64 83.97 36.29 42.98 37.98 39.92 
October AA es ee 40.83 34.06 36.29 46.11 38.93 40.53 
November -—_--------------------——- 40.39 82.18 36.29 41.55 88.97 41.96 
December ae ee ALI 88.46 30.30 36.29 48.74 38.85 43.09 
TEE 38.47 33.74 37.82 41.39 34.73 37.18 

1London Metal Exchange. 


2Based on High Grade zinc delivered. 
- Source: Metals Week. 
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Table 27.—U.S. exports of zinc and zinc alloys, by country 


Country 


Unwrought zinc and zinc alloys: 
Argentina ______________ 
Australik -------------- 


" Costa Rica 5. 


Ecuador _______________ 
ERVDU so ls 


Guatemala. |... 


ADAM cem us eee 
Korea, Republic of ||. 
Leeward and Windward Islands _ 
Mexico 2 ir Se eg 
Netherlands- ----------—- 
New Zealand ____________ 


Philippines --_-_-------_ 
Saudi Arabia --_______._.__ 
Singapore ______________ 
South Africa, Republic of _ _ _ _ _ 
JARA 
Switzerland _____________ 
RK odere ens 
United Arab Emirates... _ 
United Kingdom ~- - -------- 
Venezuela -——----------—- 
Other o 


Argentina |... LL cllc 
Austria S e re k A ia 


Bermuda - ------------—- 


Ecuador ——— mm 
ERVDL n eee 


France nov ot cae s t 
Germany, Federal Republic of _ _ 
Guatemala_____________ _ 
Guyana- ------------—-- 
Hong Kong ` 
Indi8 n eoe etsi netus af 


Oo da is 
Jamaica ---ooooooooooo- 
DADA ei e ee de 
Korea, Republic of. 
Kúwalt os pao ls 


Morocco _______________ 


New Zealand ___________~_ 
Nicaragua ______________ 
Pakistan _______________ 
Panama -------------— 


See footnotes at end of table. 


1981 
Quantity 


(metric 
tons) 


Value 
(thou- 
sands) 


1982 
Quantity 


(metric 
tons) 


ol owl 


=> 


Pa 
EMO UI! Sone mc 


— 
rary 
— 


60 


00 
E CH 
Ori zen Vë SIN] 


Value 
(thou- 
sands) 


1983 
Quantity 


(metric 
tons) 


a, 
be 
= 


pad pt 


o2 ti 
=> DOI! | A O COU — ONIN N m uu 


— pė 
moc | NNI Ol | eg 


C 
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Table 27.—U.S. exports of zinc and zinc alloys, by country —Continued 


Country 


Wrought zinc and zinc alloys 
—Continued 


ST NEE 
Philippines 
Portugal 


Somalia 


Uni 
United Kingdom .......... 
Uruguay --------------- 
Venezuela _____________ _ 


Other EE 


r 


Revised. 
1Less than 1/2 unit. 


1981 1982 
Quantity Value Quantity 
(metric (thou- (metric 
tons) sands) tons) 
50 $109 9 
37 93 15 
3 7 (1) 
172 378 56 
24 48 16 
116 197 49 
23 46 30 
22 44 5 
3 5 (7) 
33 85 17 
12 26 TN 
2 7 
128 314 113 
8 13 8 
21 61 10 
143 315 51 
2,660 5,198 2,023 


Value 
(thou- 
sands) 


Quantity 
(metric 
tons) 


| ce 
ea 


SS 


1983 


[e 
da CD CC ui» 


Value 
(thou- 
sands) 


941 
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Table 29. n S. exports of zinc ores and concentrates, by country 


(Zinc content) 
1982 1983 
Country Quantity Value uantity Value 
(metric metric 
tons) (thousands) tons) (thousands) 
Alpera scc el ee AA i ee 10,894 $6,344 3,124 $1,887 
Belgium-Luxembourg `... 377 2,189 
Bulgaria ino sa ld e 7,067 3,210 9,934 3,900 
Canada o oom to e or e taa 27,397 12, 071 39,781 15,061 
Dominican Republic -______-__ oo o -- Ee m (1) 1 
Ecuador EE 1 1 (1) 1 
El Salvador- .... 22222222 LL LL E -— 3 
KEE 710 362 DE Be 
German Democratic Republic... 5,162 2,478 Ee = 
Germany, Federal Republic of `. 2,256 746 MS NOE 
Guatemala. -------------------—----—— 99 117 P e" 
Indi. EE EE 159 70 M E 
amas SE GE SS 19 21 
E EE 1 6 E is 
Korea! Republic Of oz e Lis is seem e Gas 115 99 
MEXICO? i: dat tata ta te ed ote eet a ES de 560 321 PES ae 
Netherlands _________~_____________ Le SES Se ) 29 16 
Phibppines Mu La LL E ee 60 39 (1) 2 
Romanis. uud iere 4,567 2,026 2 Se 
Saudi Arabia -—------------------—-————- eee oe 4 3 
DAI jn ns O es } 2 3,500 630 
e eccna ae A ce apt E 10,039 554 at SE 
KE GENEE 3 22 15 
Yugoslavia -——-------------------—-—- 4,937 1,995 3,039 1,229 
AAA 77,289 32,534 60,168 22,868 
lLess than 1/2 unit. 
Table 30.—U.S. general imports of zinc, by country 
1981 | 1982 1983 
Country Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) 
ORES AND CONCENTRATES 
(zinc content) 
AuBtrala tuo o 903 $201 2,848 $872 2,261 $1,113 
HEIN eene 497 242 =~ ae MM "es 
Canada: o ndice ta 53,673 22,607 10,574 4,570 13,715 3,370 
Chile AA 432 295 21 10 27 15 
Colombia_ ..-..-.----- 6 1 20 3 CN MM 
Germany, Federal Republic of _ _ — _ 8,687 5,301 1,925 4,431 6,552 1,067 
Honduras --------------—-- 4,167 2,623 6,303 2,117 12,632 3,920 
MEXICO mensium mu ccena 20,045 10,969 15,881 6,376 17,887 4,518 
Peru need c eee oe 29,326 20,348 6,272 2,498 9.136 3,208 
Total cue eet ta E 117,736 62,587 49,344 20,877 62,210 17,211 
BLOCKS, PIGS, OR SLABS! 
Algeria -—--------------—- 721 579 6,499 5,578 2,051 1,846 
Argentina --------`-------- deeg m 2,002 1,547 ge WS 
Australia- __-------------- 25,830 22,043 26, 336 20,272 30,537 23,331 
Austria... ~~ ~~ Le a ien EN 102 87 
Belgium-Luxembourg ________- 14,018 12,151 1,555 1,461 5,820 3,787 
(¿TA EE 1,493 1,159 10,500 9,680 M byes 
Canada: sc te ee Ce 308,647 285,642 239,839 200,731 307,156 263,145 
Chile: € aoe e eate 1,450 1,21 ZE "oe "M date 
CHING e a le 1,492 1,140 210 
Finland ——— ee ee is 29,156 25,231 20,114 16,514 25,402 20,614 
Frane <a alas to tt is 17,882 16,491 5,377 4,682 8,932 6,858 
Germany, Federal Republic of - _ _ — 22,817 dig 4,102 3,621 29,615 23,645 
ONG: eoe O EL c EN ats Se eat, 
eds EE 7,625 7,298 6,500 6,853 11,913 9,483 
EE 7,090 . 6,204 141 643 5 un 
Korea. Republic of ----------- 1,500 1,240 Gs DER aes EN 
Mexico ou 15,091 13,458 21,819 16,521 56,029 44,433 
Namibia ________________- 994 836 MS iius RN SC 
Netherlands _____________- 20,216 17,579 7,121 5,688 21,544 16,546 
Netherlands Antilles -_____-.--_ ae =o pes ae 100 85 
peña is ra ci es EN - 2,553 2,073 
Norway- - ---------------- 10,801 9,723 9,197 7,211 
peru. EE 43,339 37,836 48,565 35,639 45,318 34,729 
Poland ———-—- leue cs 476 1 1,082 
South Africa, Republic of |... ye Lë CN E 1,000 644 
Spain o2 os o iia 28,671 23,545 6,573 5,599 18,728 14,453 


See footnotes at end of table. 
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Table 30.—U.S. general imports of zinc, by country —Continued 


Country Quantity 
(metric 
tons) 
BLOCKS, PIGS, OR SLABS! — 

Continued 
Sweden__________________ oe 
Tanzania zen e 
United Kingdom |... _ 13,280 
Yemen-Sanaa `- ---------_— SR 
Yugoslavia. . 5. 999 
Zaire c-r liic iota et 28,540 
Zambia a ade 3 

Total A 602,694 


Value 


' (thou- 


sands) 


$11,012 
867 
22.778 
296 


542,618 


1982 
Quantity 


(metric 
tons) 


4,770 
503 
22.408 
401 


447,442 


Value 
(thou- 
sands) 


15,943 
329 


364,216 


1983 
Quantity 


(metric 
tons) 


1,558 
24,593 


613,367 


94 


Q9 


Value 
(thou- 
sands) 


501,851 


1In addition, in 1983, 239 tons of zinc anodes was imported from Brazil, Canada, China, Denmark, the Federal Republic 
of Germany, Hong Kong, India, Mexico, the Netherlands, Norway, Peru, Sweden, Switzerland, Taiwan, and the United 


Table 31.—U.S. imports for consumption of zinc, by country 


Kingdom. 
Country Quantity 
(metric 
tons) 
ORES AND CONCENTRATES 
(zinc content) 
Australia... ar ld 1,964 
Belgium ---------------—- 4 
Canada_________________ 179,566 
SAA LE ee 43 
Colombia- 2222s 
Germany, Federal Republic of _ _ _ _ 8,687 
onduras ________________ 4,363 
Mexico _________________- 21,120. 
Peru idle eu 29,075 
q A ien 245,710 
BLOCKS, PIGS, OR SLABS! 
Algeria ----------------—- 721 
Argentina --------------—- ore 
Australia: ——------------—— 25,830 
Austria____~__~_~___________ ER 
Belgium Luxembourg... 14,018 
PZ EEN 1,493 
Canada — at ee 308,647 
Hle 24e ee Sn ug ee 1,4 
Ching A e ea E 1,492 
Finland: --------------—— 29,156 
LR TEE 18,135 
Germany, Federal Republic of _ _ _ _ 22,727 
Ghana... coc ts do a e 65 
Ebert eI 6,626 
OË occa ia X e 15,003 
Korea, Republic of ----------- 1,500 
CXICO oe a deme. 15,146 
Namibia ac cem 994 
Netherlands_______________ 20,915 
Netherlands Antilles _________ MS 
NR 
INOFWHV- === ia dan 9,934 
Perd cxt tac c. 43,339 
Poland ----------------_— 600 
South Africa, Republic of _______ 
Spain --—-------------—-—— 28,671 
Sweden__________________ BS? 
KT EE 
United Kingdom `. 15,630 
Yemen-Sanaa______________ 
Yugoslavia________________ 99 
¿0 Eed 28,540 
Zambia 2 en ect tv 3 
Total zc eret 612,007 


Value 
(thou- 
sands) 


110,253 


519 
22,043 


549,326 


Quantity 


(metric 
tons) 


66,809 


1,555 
8,500 
239,839 
258 
20,774 
5,376 
4,702 
6,500 
6,852 


456,233 


Value 
(thou- 
sands) 


$988 
9,234 
10 

3 
4,431 
2,116 
7,853 
2,497 


27,132 


1,461 
7,761 
200,731 


370,773 


Quantity 


(metric 
tons) 


858 
17,165 
21 
6,552 
11,709 
17,988 
8,857 


63,156 


2.051 
30,537 
102 
5,820 
307,156 


29,675 


11,913 
4,305 


59,568 


1,558 
24,793 


617,679 


Value 
(thou- 
sands) 


503,888 


!In addition, in 1983, 239 tons of zinc anodes was imported from Brazil, Canada, China, Denmark, the Federal Republic 
of Germany, Hong Kong, India, Mexico, the Netherlands, Norway, Peru, Sweden, Switzerland, Taiwan, and the United 


Kingdom. 
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Table 32.—U.S. imports for consumption of zine 


Ores and concentrates Blocks, pigs, Sheets, plates, strips, Waste and 
(zinc content) slabs! other forms scrap 
Quantity Value Quantity Value Quantity Value Quantity Value 
(metric (thou- (metric ` (thou- (metric (thou- (metric (thou- 
tons) sands) tons) sands) tons) sands) tons) sands) 
LEE 245,710 $110,253 612,007 $549,326 332 $472 5,782 . $2,578 
1982 c 66,809 27,132 456,233 370,773 700 694 2,653 1,232 
Isra | 63,156 16,548 617,679 503,888 319 426 3,900 1,676 
Dross and skimmings Zinc fume Dust, powder, 
(zinc content) (zinc content) flakes Total 
Quantity Value Quantity Value Quantity Value - value? 
(metric (thou- (metric (thou- (metric (thou- (thousands) 
tons) sands) tons) sands) tons) sands) 
19812. 7,629 $4,090 184 $61 7,993 $9,519 $676,299 
1982. ms 1,104 3,134 11 6 5,864 6,925 409,896 
1983_________ 6,508 3,314 CH 420 6,533 7,126 533,398 


isan alloys of zinc were imported as follows, in metric tons: 1981—102 ($40,713); 1982—136 ($75,269); and 1983— 
JU (). 


epee the value of manufactures of zinc imported was as follows: 1981—$437,930; 1982—$532,674; and 1983— 


Table 33.—U.S. imports for consumption of zinc pigments and compounds 


1982 1983 

Quantity Value Quantity Value 

(metric (thou- (metric (thou- 

tons) sands) tons) sands) 
Zine oxide - — n a tae Sao a pete Serie naan eters 28,347 $23,640 31,588 $26,415 
Zinc sulfide ---- -22ans 502 607 835 899 
¡o eod A i Roni uuu n og a ee 1,098 586 1,308 725 
Zinocchloride. -2-2-2-2 921 7137 1,147 892 
ANA A AAA 2,305 982 3,223 1,497 
ZINC Camada: a Ste AL ck cr l 40 13 90 170 
Zinc hydroaulfile ac i umm a csi. 222 392 268 464 
Zinc compounds, ns.p.f. ----------------------——— 2,286 . 8,915 2,417 8,647 

Table 34.—Zinc: World mine production (content of ore), by country’ 
(Thousand metric tons) 

Country 1979 1980 1981 1982P 1983° 
Aloria EEN 18.8 115.4 20.0 22.0 221.6 
Argentini AAA bee E 87.5 83.4 35.2 36.4 237.0 
Australi. a a eM das asi 529.2 495.3 518.3 664.8 695.0 
Austrii e a ee iho gS gs o Hi 20.5 . 19.1 18.2 19.1 219.4 
A AA IA 51.6 50.8 47.0 45.7 47.5 
Brüzi oa tos a A ee eens 97.9 105.0 96.6 111.9 115.0 
Bulgaria arses ae o e tasa ee 75.0 70.0 165.0 166.0 65.0 
Bürmä A se ees, ML ru RUE 3.0 4.1 3.6 5.4 24.5 
Canada m cc t ccce Ae uL i 71,204.4 T1 059.0 1,096.0 1,189.0 1,070.0 
CV sad op eee EEN 1. 1.1 1.5 5.7 6.0 
AAA AAA OS 160.0 160.0 160.0 160.0 160.0 
A A os a i ee ees SH 2 P .2 
Congo (Brazzaville... LLL LL Lol 4.0 8.5 3.0 3.0 3.0 
Czechoslovakia EE 8.8 7.2 6.8 6.9 7.0 
(NOT, TEE *1.0 6 T el 3] 
Finland ocn da oe dl E 51.6 58.4 53.5 54.6 255.9 
¡A sae eh eot epus Loi t eet 37.0 35.8 37.4 31.0 234.0 
Germany, Federal Republic ot... 7117.1 7120.8 110.7 105.8 113.9 
e ess tuse LI A Lr e p LACE 23.2 27.1 27.0 €22.0 20.0 
Greenland _____________~___~_ Lee 186.6 185.7 19.7 ©77.0 275.5 
Guatemala ls our Eee dg 3 EH 3.0 1.0 eer 
Honduras - -----------------------———- 19.8 16.0 16.2 24.6 238.0 
Hungary 2 dE 2.6 2.8 2.0 2.0 2.0 
Indiis ul ecc be LT EE A EE et 39.5 26.5 29.1 €29.1 40.4 
Iranf -222222222 25.0 30.0 35.0 r40.0 39.9 
Ireland oce onaco A AA T212.1 228.7 120.3 167.2 185.9 
ele 66.3 58,4 43.9 38.6 43.0 


See footnotes at end of table. 
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Table 34.—Zinc: World mine production (content of ore), by country! —Continued 


(Thousand metric tons) 


Country 1979 1980 1981 1982P 
Japan Mem es a la 243.4 238.1 242.0 251.4 
Korea, North? __________~_______________ 145.0 140.0 140.0 140.0 
Korea, Republic of- ___________________-_ 62.5 56.8 56.5 58.2 
Mexico IM ce Ge 7242.9 7235.8 206.6 242.3 
Morocco? ___ ooo 4.5 6.1 7.9 11.2 
Namibia aic d ci EEN 23.3 31.9 29.6 32.2 
ET e c cuu CoA aes M RUE al SPEM SCH Ja d 
Norway i o etie a he E eee 29.6 28.7 29.8 31.9 
Pere Ee 432.0 487.6 498.9 507.1 
Philippines su es ee et th e m cene cius 9.7 6.8 5.3 3.0 
A a a 182.7 187.8 146.5 145.0 
Romania o o TER 60.0 60.0 55.0 55.0 
South Africa, Republic of. `. 53.8 79.1 81.2 91.5 
JA A EE 142.7 183.1 182.0 173.1 
Sweden ecc a js 169.9 167.4 180.9 185.0 
TUNISIA ez a ee 8.7 7.6 7.5 7.1 
Türkey: A AA 24.9 23.3 30.7 31.5 
USSR ieee te LL e TATE 770.0 785.0 790.0 T800.0 
United Kingdom a eA Da fee Se den Mt el yg he aye See es e 6 4.4 10.9 10.2 
United States? _________________________ 267.3 317.1 312.4 303.2 
Vietnam is dae 6.0 6.5 6.0 6.0 
AUTOS e 101.7 95.3 88.6 83.8 
Lares omi EN S o ee at do 73.0 67.0 63.3 82.1 
Zambia o a o st o a ee ee 46.6 "32.0 40.6 52.0 
Total yess li ta eS 5,985.4 "5,961.6 5,848.2 6,238.0 
“Estimated. Preliminary. "Revised. 
1Table includes data available through July 3, 1984. 
"Reported figure. 
3Recoverable content in concentrates. 
‘Content in ore hoisted. 
Table 35.—Zinc: World smelter production, by country! 
(Thousand metric tons) 
Country 1979 1980 1981 1982P 
Algeria, primary________________________ 27.3 30.0 31.0 *31.0 
Argentina, primary - - -------------------—— 38.7 "38.7 268 . 28.9 
Australia: 
PEARL ut Ete E 305.4 301.0 295.9 291.4 
Secondary” - ---------------------——- 5.0 5.0 4.5 4.5 
Total" cnc oy ia ds M e T LL 7310.4 306.0 300.4 7295.9 
Austria, primary and secondary . 23.2 22.1 22.7 22.6 
Belgium, primary and secondary _____________~_ 7252.6 7241.6 234.7 228.3 
Brazil: 
Primary 2.25550 55564 Eet 63.5 18.8 91.9 95.5 
Secondary o a a aa G a 15.3 17.7 19.0 14.4 
ki NEE 78.8 96.0 110.9 109.9 
Bulgaria, primary and secondary? __________-~-~- 89.0 90.0 90.0 90.0 
Canada, pr "s 580.4 591.6 619.0 512.0 
China, primary and esecondargf 160.0 160.0 160.0 160.0 
Czechoslovakia, primary and secondary? _________ 11.5 9.6 9.0 T9.2 
Finland, primary ----------------------- 147.1 146.7 139.8 143.9 
France: 
Primary” oro st uaa Oaa 228.6 232.8 232.1 223.8 
Secondary? __________________________ 20.0 20.0 25.0 20.0 
Qui Me ma id sia 248.6 252.8 257.1 243.8 
German Democratic Republic, primary and secondary‘ 17.0 116.5 716.0 "17.0 


See footnotes at end of table. 


1983* 


1983* 


231.1 
32.0 


298.5 
4.5 


303.0 
228.0 
2262.6 


96.0 
15.0 


111.0 
90.0 
617.0 
160.0 
9.2 
2155.3 


231.8 
18.0 


249.8 
17.0 
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Table 35.—Zinc: World smelter production, by country’ —Continued 
(Thousand metric tons) 


Country 1979 1980 1981 1982P 1983* 


Germany, Federal Republic of: 


Primary S mense dió es in oa la red ter eL EU 333.7 342.8 331.5 303.4 327.7 
Secondary - ---------------------—-—- 21.8 27.8 35.1 31.6 28.8 
Total 2104 touc o a N 355.5 310.6 366.6 335.0 356.5 
Greece, Secondary _______.__________-_--- NA 3 NA NA A 
Hungary, secondary? _____________________ 6 6 r2 6 6 
India 
Prina y sebo se ee 63.3 43.6 57.4 52.6 62.0 
Secondary: o e e NA 3 2 £2 2 
Total AAA a 63.3 43.9 57.6 *52.8 62.2 
Italy, primary and secondary ---------------- 202.3 206.4 180.9 158.7 150.0 
Japan 
Priman o roce cs eii II "688.2 "629.7 575.6 549.0 2579.0 
Secondary. - - - - ------------------——— 7101.2 7105.5 94.6 113.4 2122.3 
Total aa a yr Seer "189.4 7735.2 670.2 662.4 2701.3 
Korea, North, primary? ________o ooo 120.0 120.0 120.0 120.0 120.0 
Korea, Republic of, primary _________-_.___-_ 83.0 79.1 83.9 99.2 108.0 
Mexico, primary - 2 2 222222222222 161.7 143.9 126.5 127.0 179.0 
Netherlands, primary and secondary ----------- l 154.0 169.5 177.4 186.0 187.5 
Norway, primary ---------------------—-- 17.8 79.4 80.3 78.7 79.0 
Peru, primary ---------------------—-——-—- 68.2 63.8 126.2 160.7 2154.0 
Poland, primary and secondary - - - - - - -- -- ---—-—- 209.0 7211.0 167.1 165.4 170.3 
Portugal, primary! ____________________-_- E 2.0 4.6 3.6 3.0 
Romania, primary and secondary -—'------------ 46.5 45.9 45.2 44.0 242.0 
South Africa, Republic of, primary - - - - -- -----—- 75.4 81.4 80.9 79.7 285.3 
Spain, primary ~ — - - - - - - - ---—-—---—-—---—-————— 182.7 151.8 179.5 187.0 190.0 
ailand, primary... LL LLL LL LLL Lll (4) r(4) SE a NN 
Turkey; AA 17.2 12.6 18.1 rT 14.9 ?8.8 
U.S.S.R.:* 
Primary___________________________ 7800.0 "815.0 820.0 "830.0 885.0 
Secondary- - AA 80.0 80.0 "85.0 790.0 95.0 
Total t tai ell "880.0 "895.0 "905.0 "920.0 930.0 
United Kingdom, primary and secondary -______.-_ 76.7 86.7 81.7 79.3 87.7 
United States: 
Primary EEN 472.5 340.5 346.6 228.2 2235.7 
Secondary EES 53.2 29.4 50.2 74.3 269.4 
Toake e — 525.7 369.9 396.8 302.5 2305.1 
Vietnam, primary? ______________________ 5.4 5.5 5.5 50 6.0 
Yugoslavia: 
Priman" ee ad e niti de de Een 87.9 77.5 86.4 76.8 77.0 
Secondary e ais 11.0 7.0 10.0 10.0 11.0 
l Total GE 98.9 84.5 96.4 86.8 288.0 
Zaire, primary EE 43.7 43.8 51.6 64.4 262.4 
Zambia, primary- - - - - -----------------——- 38.2 32.7 33.3 39.2 237.5 
| Grand total. sam Ss es 6,259.8 6,049.1 6,078.9 5,865.4 6,175.2 
Of which: | 
Primary. AS 4,709.9 14 484.2 4,570.4 4,345.9 4,611.1 
Secondary- - - - -- ----------—-- T908.1 1298.6 323.8 359.0 364.8 
Undifferentiated. - —- - --- ------- T1,241.8 Ty 271.3 1,184.7 1,160.5 1,199.3 


*Estimated. Preliminary. ‘Revised. NA Not available. 

¡Wherever possible, detailed information on raw material source of output (primary—directly from ores—and 
secondary—from scrap) has been provided. In cases where raw material source is unreported and insufficient data are 
available to estimate the distribution of the total, that total has been left undistributed (primary and secondary). To the 


extent ible, this table reflects metal production at the first measurable stage of metal output. Table includes data 
available through July 3, 1984. 


? Reported figure. 
3Excludes zinc dust. 
*Less than 50 metric tons. 


Zirconium and Hafnium 


By W. Timothy Adams! 


Zirconium and hafnium are nearly identi- 
cal in chemical properties and atomic vol- 
ume, and are associated in the principal ore 
mineral, zircon, in a ratio of about 50 to 1. 
The two elements are separated for nuclear 
power applications but not for other uses. 

Zircon was extracted from sand deposits 
as a coproduct of ilmenite and rutile in 
Florida. Most zircon was used in the East- 
ern United States with approximately 50% 
being used in foundry sands. The remainder 
was used in refractories, ceramics, abra- 
sives, and in miscellaneous uses, including 
the manufacture of chemicals and produc- 
tion of zirconium metal and alloys for nucle- 
ar applications and for chemical processing 
equipment. The value of reported consump- 
tion of zircon was about $12 million. Haf- 
nium was used in nuclear reactors, refrac- 
tory alloys, and cutting-tool alloys. 

Nuclear powerplant construction contin- 
ued at a virtual standstill in the United 
States. France and Japan continued their 
stable national nuclear power generation 


programs based on their intention to reduce 
their imports of high-cost energy. 

Domestic Data Coverage.—Domestic 
mine production data for zircon are devel- 
oped by the Bureau of Mines from one 
separate voluntary survey of U.S. oper- 
ations entitled, “Production of Zircon.” Of 


. the two operations to which a survey re- 


quest was sent, both responded, represent- 
ing 100% of production. Data are withheld 
to avoid disclosing company proprietary 
data. 

Legislation and Government Pro- 
grams.—As part of a longstanding program 
to supply contractors with nuclear reactor 
construction materials manufactured to 
U.S. Navy specifications, the U.S. Depart- 
ment of Energy had an inventory, as of 
December 31, 1983, of about 38 tons of 
zirconium sponge, 1,020 tons of zirconium 
ingots and shapes, 2 tons of zirconium scrap, 
32 tons of hafnium ingots and shapes, 4 tons 
of hafnium crystal bar, 5 tons of hafnium 
oxide, and 1 ton of hafnium scrap. 


Table 1.—Salient U.S. zirconium statistics 


(Short tons) 
1979 1980 1981 1982 1983 

Zircon: 

Production um erc Ea Pis do ed W W W W W 

Exports -LL LL IZZI ZIIZ 8,856 7,227 11,630 11,011 13,222 

Imports A AS 110,842 113,784 91,108 68,465 44,487 

Consumption? ?____________________ ee 168,000 140,000 150,000 93,000 100,000 

Stocks, yearend: Dealers and copnsumerg". 37,465 69,473 33,385 7 €48,595 €36,495 
Zirconium oxide: 

Production? ______________________________ 11,130 10,218 8,251 5,059 *4,118 

EE S EL Ls E D e 1,490 2,989 782 1,017 698 

Kee ad a A ee 322 309 235 332 451 

Consumption® ___________________~________ 12,000 10,100 8,600 5,600 3,400 

Stocks, yearend: Producers? ____________________ 975 1,216 1,483 71,357 *838 


*Estimated. "Revised. W Withheld to avoid disclosing company proprietary data. 


1Includes insignificant amounts of baddeleyite. 
2Excludes foundries. 
3Excludes oxide produced by zirconium metal producers. 
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Table 2.—Producers of zirconium and hafnium materials in 1983 


Company Location Materials 
ZIRCONIUM MATERIALS 
Associated Minerals (USA) Ltd. Inc __________~- Bow, NH______._.___ Oxide. 
Do EE Green Cove Springs, FL_ Zircon. 
The Carborundum Co_____~_______________ Falconer, NY _______ Refractories. 
C-E Cast Industrial Products _____________ _ E Long Beach, CA _____ Milled zircon. 
C-E Refractories, a division of Combustion 
Engineering Inc. St. Louis, MO _______ Refractories. 
————— Qu-——Ó—c-".--——— € Camden, NJ________ Refractories and zircon. 
A TCR Vandalia, MO_______ : 
CIBA-GEIGY Corp., Drakenfeld Colors ________ _ Washington, PA _____ Ceramic colors and milled 
zircon. 
Continental Mineral Processing Corp - - -------- Sharonville, OH ..... Milled zircon. 
Corhart Refractories Co ----------------—- uckhannon, tege Refractories. 
BEE rning, NY eosin exe, Do. 
deu e ec ee Louisville, KY ______ Do. 
Didier-Taylor Refractories Corp . Cincinnati, OH ____ __ Do. 
Ee South Shore, KY _____ Do. 
E. I. du Pont de Nemours & Co. Inc _-_______.___ Wilmington, DE ____ _ Zircon and foundry mixes. 
Elkem Metals Co --------------------——- Alloy, WV________- Alloys. 
Perro COPD sita a eo ee eege Cleveland, OH _____~_ Ceramics and ceramic colors. 
Foote Mineral Co --------------------—- Cambridge, OH _ _ _ ~ _ — Alloys. 
A. P. Green Refractories Co., Remmey Div... Philadel hia, PA_____ Refractories. 
Harbison-Walker Refractories Co ____________ Mount Union, PA ` _ Do. 
Harshaw Chemical Co. Inc ---------------- Cleveland, OH ______ Oxide. 
Leco Corp., Ceramics Div ---------------—- St. Joseph, MI eres Refractories and milled zircon. 
Lincoln Electric Co. Inc -----------------—- Cleveland, OH ______ Welding rods. 
M € T Chemicals Inc - -- ---------------—- Andrews SC _______ Milled zircon. 
Magnesium Elektron Inc `. Flemington, NJ _ ~~ ~~ nan he chemicals, oxide. 
Norton Co: a eL em E Huntsville, AL ______ Oxide. 
Reading Alloys ----------------------- Robesonia, PA ______ ee fe 
Ronson Metals Corp -------------------- Newark, NJ______.-_ leyite (oxide). 
Shieldalloy Corp... Newfield, NJ |... Welding rods and alloys. 
Sola Basic industries Engineered Ceramics Div- _ _ _ Gilberts, Mp i20 D Ceramics. 
TAM Ceramics- -~ - -— - --—--------------——— N iagara Falls, NY ____ ets aircon, oxide, alloys, 
chloride 
Teledyne Wah Chang Albany - - --- ---------- Albany, OR -------- Oxide, chloride, sponge, ingot, 
E een bar, m 
Thiokol Corp., Ventron Chemicals Div `... Beverly, MA — ~~ ___- alloys and and powder. 
Transelco Inc _____._._-_--_.-- las en, NY _______ Chemicals, ceramics, oxide. 
TRW Ini ae ee to bss Cleveland, OH `. Zircon ores. 
Western Zirconium Co ~- - --------------—— den, UT... = Gier sponge, ingot, mill 
ET AT Butler, PA ` _ Refractories. 
ZIRCOA Products - - -------------------- Cleveland, OH `. Oxide and ceramics. 
HAFNIUM MATERIALS 
Teledyne Wah Chan E DaN Ee Albany, OR. Oxide, sponge, ingot, crystal bar. 
Western Zirconium Co ~- ---------------—- Ogden, UT_________ Oxide, sponge, crystal bar, ingot. 
DOMESTIC PRODUCTION 


Zircon was recovered as a coproduct with 
titanium mineral concentrates from miner- 
al sands at the dredging and milling facili- 
ties of E. I. du Pont de Nemours & Co. Inc. 
at Starke and Highland, FL, and of Associ- 
ated Minerals (USA) Ltd. Inc. at Green Cove 
Springs, FL. Production data were withheld 
from publication to avoid disclosing compa- 
ny proprietary data. The combined zircon 
capacity at these plants was estimated to be 
100,000 tons per year. 

Five firms produced 33,339 tons of milled 
(ground) zircon from domestic and imported 
zircon. Five companies, excluding those that 
produce the oxide as an intermediate prod- 
uct in making zirconium sponge metal, 
produced 4,118 tons of zirconium dioxide. 

Two companies, one with a plant in Ore- 
gon and another with a plant in Utah, 
produced primary zirconium sponge and 


coproduct hafnium sponge. These firms also 
converted zirconium sponge to ingot. 

The production of alloys containing 3% to 
70% zirconium increased significantly. Haf- 
nium crystal bar production was estimated 
at 55 tons in 1983. 

Teledyne Wah Chang Albany (TWCA) 
utilized only about 50% of its production 
capacity for zirconium metal because of 
reduced demand for zirconium mill prod- 
ucts resulting from the continued slowdown 
in commercial nuclear powerplant construc- 
tion, the major market for zirconium 
shapes. 

The stability of the domestic zirconium 
market was discussed. The effects of weak 
demand, the dollar-franc exchange rate, 
long-term contracts, and the highly special- 
ized nature of the metal were described.? 
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CONSUMPTION AND USES 


Zircon and another zirconium mineral, 
baddeleyite, and zirconium compounds were 
used in refractories, ceramics, polishes, 
glazes, enamels, welding rods, chemicals, 
and sandblasting. The use of zirconium 
chemicals increased in the paint, textile, 
and pharmaceutical industries. 

Foundries used about 50% of the domes- 
tic zircon produced in 1982. The remainder 
was consumed by the refractory, abrasives, 
ceramics, metals, and other industries. Do- 
mestic zircon was marketed in proprietary 
mixtures as foundry sand; in refractory 
sand blends with kyanite, sillimanite, and 
staurolite; in weighting agents; in zircon- 
titanium dioxide blends for welding-rod 
coatings; and for sandblasting applications. 
Zircon has largely replaced tin oxide as the 
major opacifying agent in ceramics because 
of its low price and its ability to combine 
well with a majority of colors used. 

Baddeleyite from the Republic of South 
Africa was used mainly in the manufacture 
of alumina-zirconia abrasives, and also for 
ceramic colors, refractories, and other uses. 
The use of calcia, magnesia, or yttria trans- 
formation toughened (TT) zirconia in ce- 
ramic coatings in jet engines and in other 
high temperature oxidation- and stress- 
resistant applications continued to grow, 
but the quantity of zirconia consumed was 
small. Research activity in TT zirconia 
properties and applications. was intense. 
The use of yttria-stabilized zirconia in ce- 
ramic coatings in jet engines and in other 
high temperature oxidation-resistant coat- 
ings continued to grow in 1983, but again 
the quantity of zirconia consumed was 
small. The market for zirconia ceramics 
continued to develop in the automobile 
industry, where the zirconia-oxygen cell 
functions as the working component in the 
oxygen sensor that is part of the micro- 
processor control of engines. 

The nuclear power industry accounted for 
about 90% of the zirconium metal con- 
'sumed, with the remainder being used pri- 
marily as corrosion-resistant metal in the 
chemical industry, for superalloys, and in 
electronics. Shipments of zirconium mill 


products were the same as in 1982, parallel- 
ing the construction of nuclear powerplants 
for electrical generating stations. There 
were no new orders for commercial nuclear 
powerplants for the fifth consecutive year. 
By midyear, 26 nuclear plants had suffered 
startup delays of up to 3 years, 6 plants 
were canceled, and 9 plants were postponed 
indefinitely.’ 

Hafnium metal consumption for nuclear 
reactor control rods remained the same as 
in 1982. 


Table 3.—Estimated' consumption of 
zircon in the United States, by end use 


(Short tons) 
End use 1982 1983 
Zircon refractories? ___________ 15,000 17,000 
AZS refractories? ____________ 4,400 4,000 
Zirconia‘ and AZ abrasives” _ _ _ _ _ _ 8,000 8,500 
Alloys®___________._.____- 3,100 — 4,500 
Foundry applications ________-~- 46,000 49,000 
Other? REN EAE ee S ER 16,500 17,000 
d VK 93,000 100,000 


1Based on incomplete reported data. 

2Dense and pressed zircon brick and shapes. 

3Fused cast and bonded alumina-zirconia-silica-based 
refractories. : 

*Excludes oxide produced by zirconium metal producers. 

5Alumina-zirconia-based abrasives. 

SExcludes alloys above 90% zirconium. 

7Includes chemicals, metallurgical-grade zirconium te- 
trachloride, sandblasting, welding rods, and miscellaneous 
uses. 


Table 4.—Estimated: consumption of 
zirconium oxide? in the United States, 


by end use 
(Short tons) 
End use 1982 1983 
AZ abrasives ____~___. ~~ ~___ _ 2,700 W 
AZS refractories? ___________~_ 900 900 
Other refractories _ _ _ _ _ _ NEG 1,200 1,400 
Chemicals eegen sl 400 600 
Glazes, opacifiers, colors ____._-_._- 400 500 
Total AAA A dT 5,600 3,400 


i W Withheld to avoid disclosing company proprietary 
ata. 

1Based on incomplete reported data. 

2Excludes oxide produced by zirconium metal producers. 
Includes baddeleyite. 

3Fused cast and bonded. 
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Table 5.—Yearend stocks of zirconium and hafnium materials 


(Short tons) 
Item 1982 1983 

Zircon concentrate held by dealers and consumers excluding foundries _______________~_ r €40,337 31,026 
Milled zircon held by dealers and consumers excluding foundries____________________ r €8,258 5,469 
Zirconium:! 

5 AAA A E 71,357 *838 

Sponge, ingot, scrap, EE r €697 686 

EE r €5,611 5,443 


Hafnium: Sponge and crystal barf ______________ ~~ Le 35 35 


Estimated. "Revised. 
lExcludes material held by zirconium sponge metal producers. 


Table 6.—Published prices of Australian zircon 
(U.S. dollars per ton) 


"E Standard Intermediate Premium 
Date of publication grade grade grade 
December 1982_______________________ LL LLL 101-105 105-110 110-114 
February 1983 a EE dee a ote Se du 92-101 101-110 110-114 
August 1983- EE 84- 92 92-100 104-108 


November 1082 ____________________________ LLL 91-100 96-104 108-112 


Table 7.—Published yearend prices of zirconium and hafnium materials 


Specification of material 1982 1983 
Zircon: 
Domestic, standard grade, f.o.b. Starke, FL, bulk, per short ton*_________---- $165.00 $165.00 
Domestic, 75% minimum quantity zircon and aluminum silicates, 
Starke, FL, bulk, per short ton?__§_____________________ ee 99.00 99.00 
Imported sand, containing 65% ZrO», f.o.b., bulk, per metric ton? c $111.00- 116.00 $99.00- 108.00 
Domestic, granular, bags, bulk rail, from works, per short ton? _____________ 165.00- 177.00 165.00- 177.00 
Domestic, milled, 200- and 325-mesh, rail, from works, bags, per short ton? ______ 225.00 225.00 . 
Baddeleyite, imported concentrate:* 

96% to 98% ZrO», minus 100-mesh, c.i.f. Atlantic ports, per pound ___________ | .40 .90 

99% + ZrOs, minus 325-mesh, c.i.f. Atlantic ports, per pound ____________-_ .90 .90 
Zirconium oxide:? 

Chemically pure, white, ground, barrels or bags, works, per pound ..........- NA NA 

Powder, commercial grade, drums, 2,000-pound minimum, per pound _________ 4.25 4.25 

Electronic, same basis, per pound -—-—-—--------------------------—— 1.25 7.25 

Insulating, stabilized, 325° F, same basis, per pound _________________ — 3.31 3.31 

Insulating, unstabilized, 325° F, same basis, per pound ` 3.75 3.75 

Dense, stabilized, 30° F, same basis, per pound ____________~__________ 2.82 2.82 

Glass-polishing grade, ton lots, bags, 94% to 97% ZrOa, from works, per pound _ _ _ — NA © NA 

Opacifier grade, 3,300-pound lots, 85% to 90% ZrOs, bags, per pound__________ NA NA 

Stabilized oxide, 100-pound bags, 91% ZrOs, milled, per pound _____________ NA NA 
Zirconium oxychloride: Crystal, cartons, 5-ton lots, from works, per pund?. ___ _ _ 87 87 
Zirconium acetate solution? 

25% ZrOs, drums, carlots, 15-ton minimum, from works, per pound ---------—- 97 97 

22% ZrOs, same basis, per pound -—--—---------------------------——- KC KC 
Zirconium hydride: Electronic grade, powder, drums, 100-pound lots, from works, per 

pound EE 31.75 31.75 

Zirconium:* 

Powder; per pound 2 =D ie ER EU Ease E i ier EIE E ee ee e 50.00- 137.50 50.00- 137.50 

sponge, per pound =< ———————Á— 12.00- 17.00  12.00- 17.00 

Sheets, strip, bars, per pound ce a ccu unt M E E 18.00- 40.00 18.00- 40.00 


Hafnium: Sponge, per pound EE 70.00- 125.00 70.00- 125.00 
NA Not available. 

!E. I. du Pont de Nemours & Co. Inc. price list Dec. 1982 (effective Jan. 1, 1983); and Dec. 1983 (effective Jan. 1, 1984). 
2Industrial Minerals (London). No. 183, Dec. 1982, p. 91; and No. 195, Dec. 1983, p. 88. 


3Chemical Marketing Reporter. V. 223, No. 1, Jan. 3, 1983 (effective Dec. 31, 1982), p. 51; and v. 225, No 1, Jan. 2, 1984 
(effective Dec. 30, 1983), p. 51. 


*Ronson Metals Corp. Baddeleyite price lists. Jan. 1, 1983, and Jan. 1, 1984. 
5American Metal Market. V. 91, No. 5, Jan. 7, 1983, p. 7; and v. 92, No. 4, Jan. 6, 1984, p. 6. 
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1982 1983 
Country 
Pounds Value Pounds Value 
AMA to o a 112,435 $39,045 112,435 $38,990 
Argentina WEE een 802,694 151,990 3,277,240 552,148 
razi AAA ESA 2,190,235 237,077 2,964,000 288,021 
Canada ao a ute ea is t E 1,760,169 305,783 1,354,112 220,707 
[Sl EE 1,420,507 350,900 1,280,956 284,945 
Ecuador m eter A AS 46,296 14,318 157,629 49,770 
Germany, Federal Republic of, 10,005,789 1,100,270 8,034,681 1,026,241 
A A AA 80,159 26,089 106,906 31,120 
tee ee Ge Sg 207,552 41,553 
E A Ng esc e OE AN aa et fn 9,543 5,490 6,985,108 365,297 
MEXICO A AS 3,270,140 380,643 728,095 98,433 
A A ed cea 286,379 7,37 19,684 3,740 
Taiwan -------------—- ee 229,072 140,032 ie " 
United Kingdom |... sss. 38,00 3,458 123,300 15,234 
Venezuela --------------------——_ 1,241,642 375,040 717,147 201,735 
EE "529,756 "130,531 373,755 98,397 
AA IA 22,022,816 3,268,045 26,443,200 3,316,331 
"Revised. 
Table 9.—U.S. exports of zirconium, by class and country 
1982 1983 
Class and country - 
Pounds Value Pounds Value 
Zirconium and zirconium alloys, wrought: 
Belgium-Luxembourg `... 39,284 $2,064,439 58,944 $3,226,250 
ODDO TEE 332,297 9,524,070 394,115 11,409,237 
Erance AA A LUE 11,459 260,811 : 169,669 
Germany, Federal Republic of ___________ 207,982 4,096,059 134,910 2,891,956 
IEN 162 23,137 13,720 769,920 
TADA GE 627,459 17,019,832 544,446 13,903,658 
Korea, Republic of -_____________ 1,669 52,466 17,777 592,836 
Sweden. ui a ia mh 66,299 892,922 97,074 1,894,766 
Switzerland -_-----------------—_ 12,828 119,075 91 1,963 
SAVE: EE 13,951 351,453 143 4,498 
United Kingdom ___________________ 135,745 2,389,076 26,790 550,894 
OC NV Scat E a "2,974 791,285 13,975 301,218 
NOVA cuc o rM LUE ieee Le 1,452,109 37,484,625 1,308,217 35,716,865 
Zirconium and zirconium alloys, unwrought 
and waste and scrap: 
Cañada: 2 ala a a ts iE 8,142 31,379 648 6,157 
Francè on as lata e 359 2,883 4,093 65,817 
Germany, Federal Republic of |. 43,855 203,935 8,010 26,250 
E e ta deta cur pes UE E ud da iba ce 185,257 5,202,865 161,181 3,498,325 
Netherlands _---------- SE TK ,116 65,595 
United Kingdom ___________________ 65,805 1,003,785 4,805 79,096 
24 AAA "439 22,043 2,337 55,743 
Total a sa a Se te hs Su cm 303,857 6,466,890 186,250 3,796,983 
"Revised 
Table 10.—U.S. exports of zirconium oxide, by country 
1982 1983 
Country 
Pounds Value Pounds Value 
PONTING 2 om ones AE ee ns 60,373 $128,785 23,364 $56,617 
razil e o seien a ast tla ela A ae ag I ne a Bet eR a 77,458 229,615 29,976 111,732 
Canadi e Ee E S E dca uA LES 82,959 186,141 141,933 251,405 
BPAHOBhe onam eo eu eue I es tM ra ah 899,198 3,441,163 114,065 196,340 
Germany, Federal Republic of -- -----------------—— 36,304 105,065 55,561 15,284 
EE ET EE es ME 10,307 9,309 
Hong ONE EE 9,404 10,362 5,562 15,684 
dla. o ri MO er rc ds dE aste ces y 4,115 12,069 5,824 11,841 
o CH ————— ———— CC en 47,590 63,064 116,844 158,511 
Jamait- nae ee a a ea et gt A ey dica n m 26,500 23,000 
Japana se o noe oe ed eL AA O 171,798 316,748 216,842 264,754 
E A a a S A E 108,948 54,658 214,175 202,340 
Netherlands nio a ia a Ee Da tds 62,940 79,285 37,519 47,448 
Wed. a EE 22,907 42,077 32,042 46,341 
Taiwan o o lc ds Cte c e. iS qt ateos lado 41,325 52,384 23,158 34,480 
United Kingdom --------------------------——— 369,033 598,424 317,352 338,185 
A RERO RO AA 38,256 94,642 25,308 49,123 
(Uo We ————r——À— HA 2,033,268 5,420,482 1,396,332 1,898,394 
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Table 11.—U.S. imports for consumption of zirconium ores, by country 


1981 . 1982 1983 

Country ` Quantity Value Quantity Value Quantity Value 

(short (thou- (short (thou- (short (thou- 

tons) sands) tons) sands) tons) sands) 
| Australia ____________________ 71,852 $6,930 56,092 $5,142 36,140 $3,385 
TEEN NN es 59 7 118 13 
Canada!_____________________ 2,444 305 705 70 1,176 122 
Malaysia oia ii es 72 5 ENS = Eu "e 
South Africa, Republic of... 16,740 1,138 11,603 919 7,053 897 
OM AA a Gw 6 6 (3) 3 
Tota eee eee 91,108 8,378 68,465 6,144 44,487 4,420 


1Believed to be country of shipment rather than country of origin. 
2In addition, very small quantities of baddeleyite were imported. 
3Less than 1/2 unit. 


Table 12.—U.S. imports for consumption of zirconium and hafnium in 1983, 
by class and country 


Class and country Pounds . Value 
Zirconium, wrought: 
¡SENO ae or A LLL tu uu EEN 4,105 $53,871 
France EE IA O E 529,027 11,757,606 
Germany, Federal Republic of - - - - ---------------------------—— 2,538 66,826 : 
Japa oe e AI cL AA A A 14,324 130,666 
Spar e adir ML CL Med Le Ead ee Cae 9 615 
nited Kingdom Ee ma Vu tiu 1,230 12,305 
Totül.- 4 cami contes Fa es E nei LA Li om 551,233 12,021,889 
Zirconium, unwrought and waste and scrap BEEN 
IN EEN 62,711 222,389 © 
NEE 1 438 
a c [oc Lee AAA ur E EE 4,189 15,901 
Germany, Federal Republic Ob. c a pg ce oe Lu ae LEO E 4,871 194,836 
Japano aa m lA LLL I NL LL D M E 127,145 419,083 
United CT ce cce cepe dd EE 624 1,008 
OCB AAA A ee ds a Ee. 199,541 853,655 
Zirconium alloys, unwrought: pe 
Germany, Federal Republic af. 1,137 24,836 
United ingdom PE VE ete Se ER EE 13,461 47,860 
AA AA A 14,598 72,696 
Zirconium oxide A 
a eg 3 398 
France AAA A EE A ee E. 176,369 186,007 
Germany, Federal Republic of ~- -—- --------------------------—-—--— 11,337 42,471 
Gibraltar. one re a eem et li 5,004 4,876 
Japan AM A ee A IS RNC 10,353 49,636 
Switzerland es a a ir ia e iaa 17 6,897 
United KIDEdOID noe eoe Seege Ee 698,734 1,573,343 ` 
Total... EEN 901,817 1,863,628 
Zirconium compounds: l 
Australia- EEN 35,274 18,720 
Canadien RE LIA a eh EE ee eg 5,426 2,436 
IL A RA 74,345 80,614 
E Federal Republic of - - - - - -------------------—-----———— Wees 148,913 
Jap a RRA ee ee 837 8,973 
Sonth Africa, Republic of ee eege Ee 1,395,619 705,805 
United Kingdom `... EE 115,290 117, 305 
Total uns is ee ee ee a, le ER 1,706,287 1,088,734 


Hafnium, unwrought and waste and scrap: France 2222 cllc 478 50,058 


ZIRCONIUM AND HAFNIUM 


953 


WORLD REVIEW 


Australia continued to lead the world in 
the production of zircon; however, with the 
mineral sands operation at Richards Bay in 
the Republic of South Africa reportedly 
producing at capacity, Australia no longer 
dominated the world market. Zircon was 
also produced in Brazil, China, India, Ma- 
laysia, Sri Lanka, Thailand, the U.S.S.R., 
and the United States. Baddeleyite was 
produced in Brazil and the Republic of 
South Africa. 

It was estimated that approximately 90% 
of worldwide zircon consumption was ac- 
counted for by refractory, ceramic, and 
foundry uses. Market economy countries 
used approximately 8 million pounds of 
zirconium ingot for commercial nuclear 
power generating stations and an additional 
2 million pounds for other purposes, mainly 
for chemical process equipment. 

Australia.—The Commonwealth Scien- 
tific and Industrial Research Organization 
(CSIRO) decided to seek commercial assist- 


ance to develop a source of high-purity 
zirconia and related products in Australia. 
The capacity was to be established in 2 to 3 
years in order to maintain Australia’s role 
as leader in TT zirconia technology.‘ 

Japan.—A process was announced for the 
production of a yttria-stabilized zirconium 
dioxide ceramic. Outstanding physical prop- 
erties were claimed for the material.5 

A distillation process was reported to 
decrease refining costs for zirconium metal 
by one-half if the monthly output was a 
minimum of 100 tons per month of product. 
A plant with a capacity of 100 to 200 tons 
per month was planned.* 

The status of the Japanese nuclear power 
electrical generating industry was dis- 
cussed. The problems of locating nuclear 
reactors in a seismically active area were 
described. Plans for Japanese nuclear reac- 
tor manufacture in both domestic and for- 
eign markets were outlined.* 


Table 13.—Zirconium concentrate: World production, by country! 


(Short tons) 
Country 1979 1980 1981 1982P 1983* 
Australia ---------------------——- 490,500 541,837 468,138 509,317 510,000 
Brazil sss A tg al ahh 2,891 3,759 6,614 €3,850 4,400 
China" 5 [4 tou ec IL LAE e 713,200 715,400 716,500 716,500 16,500 
Inda unus a gd Sigg einst ui er lana Ad 13,426 16,336 13,669 *13,000 13,000 
Malaysia? ________________________ 1,401 7518 1,441 2,3 3,300 
South Africa, Republic off |... 90,000 88,000 110,000 "140,000 140,000 
Sri EE 1,664 3,341 3,6 6,381 6,600 
TRAHand. ii a la ts dad 128 67 11 21 220 
USSR um A ee oe 80,000 80,000 80,000 790,000 90,000 
United States = <= eee 
jc p a MN "693,210 17 49,258 700,077 781,631 784,020 
EES PPreliminary. ‘Revised. W Withheld to avoid disclosing company proprietary data; excluded from 
DI ota Ke 


1Includes data available through May 9, 1984. 
"Data are for fiscal year beginning Apr. 1 of that stated. 


*Exports (production not officially reported; exports believed to closely approximate total output). 


TECHNOLOGY 


The Australian CSIRO revealed details 
on partially stabilized (PSZ) zirconia and on 
TT zirconia. Additions of calcium, magne- 
sium, or yttrium oxide controlled the rela- 
tionship between small tetragonal and 
monoclinic crystals contained in a cubic 
lattice. The shift of the tetragonal crys- 
tals to the monoclinic form under applied 
stress gave the TT zirconia its exceptional 
strength.* 


Zirconium-aluminoxane catalysts  re- 
portedly offered several advantages over 
the normal Ziegler-Natta type catalyst used 
in the polymerization of olefins. They were 
indefinitely stable in the solid form, soluble 
in a variety of organic solvents, maintained 
catalytic activity for several days under 
reaction conditions, and had an extremely 
high level of catalytic activity.? 

A new method for making amorphous 
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nickel-hafnium and amorphous nickel- 
zirconium and other noncrystalline metals 
was reported. The new techniques involved 
a rapid diffusion reaction with the tem- 
perature chosen high enough to produce a 
reaction but below the crystallization 
temperature.!? 

Current thought on the state-of-the-art, 
advantages, and disadvatages of the use of 
ceramics in heat engines was discussed. The 
applications of various ceramic materials, 
including zirconia, in heat engines were 
categorized and major materials require- 
ments listed. Possible candidate ceramic 
materials were also described.” 

Zirconium fluoride, hafnium fluoride, and 
other metal fluoride glasses were described. 
Advantages of fluoride glasses over silica 
glasses when used in fiber optics reportedly 
were their much greater transparency, 
which decreases the number of signal am- 
plifiers needed, and their ability to transmit 
infrared radiation without attenuation.'? 

A critical review of published data on 
hydrogen, hydrogen cracking, and hydro- 
gen-induced delayed cracking in zirconium 
and its alloys was presented. It was shown 
that solution temperature, cooling rate, and 
applied or residual stresses greatly affected 
hydride morphology and orientation. The 
most detrimental hydride morphology was 
shown to be when the hydride was oriented 
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normal to the applied stress and had the 
morphology of a continuous sheet." 

The corrosion of equipment in the extrac- 
tion process and manufacture of zirconium 
metal was discussed. Examples were given 
to show that zirconium metal was the mate- 
rial best able to withstand the corrosive 
conditions of its own manufacture." 


1Physical scientist, Division of Nonferrous Metals. 

2American Metal Market. Domestic Zirconium Market 
at Standstill. V. 91, No. 141, July 21, 1983, p. 7. 

3Fairgreive, D. S. Zirconium; Marking Time During An 
Uncertain Period. Eng. and Min. J., v. 185, No. 3, Mar. 
1984, p. 69. 

*CSIRO Industrial Research News. Australia to Manu- 
facture Zirconia. No. 161, 1983, pp. 1-2. 

ostiis Letter From Japan. RLJ No. 81, Jan. 1982, 


p. 6. 
^ SPage 18 of work cited in footnote 5. 


7Business Week. Energy. Japan: The Unlikely Nuclear 
Giant. No. 2808, Sept. 19, 1983, p. 66. 

5Chemical Engineering. Chementator. V. 90, No. 4, 
Feb. 21, 1983, p. 10. 

3Chemical and Engineering News. ToU MY Zirconi- 
um Catalysts Polymerize Olefins Faster. V. 61, No. 27, 
July 4, 1983, pp. 29-30. 

Chemical Week. Technology Newsletter. A New Pro- 
auction Method for Amorphous Metals. V. 133, No. 10, 


p. 38. 

11Pascucci, M. R. The Role of Ceramics In Engines—An 
Assessment. Current Awareness Bull., Met. and Ceram. 
Inf. Center, No. 126, Aug. 1983, pp. 1-3. 

12Pollack, A. The Potential of Halide Glasses. Technolo- 
gy The New York Times, v. 132, No. 45,760, Aug. 4, 1983, 
p. D2. 

13Northwood, D. O., and V. Kosasih. Hydrides and 
Delayed Hydrogen Cracking In Zirconium and Its Alloys. 
Int. Met. Rev., v. 28, No. 2, 1983, pp. 92-121. 

14Metal Progress. Reactive Metals. Zirconium Holds 
p ont of Making Zircorlium. V. 124, No. 6, Nov. 1983, 
pp. 11-12. 
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Demand for arsenic trioxide dropped 
markedly during 1983, primarily as a result 
of a 27% reduction in cotton planting. As an 
oversupply of arsenic trioxide developed, 
prices declined for both domestic and im- 
ported material. 

Domestic Data Coverage.—Commercial- 
grade arsenic trioxide and arsenic metal 
were produced by only one U.S. company, 
which voluntarily reported its production to 
the Bureau of Mines. To prevent disclosure 
of proprietary data, the production data 
have been withheld. 

Legislation and Government Pro- 
grams.—On June 5, 1980, the Environmen- 
tal Protection Agency (EPA) listed inorgan- 
ic arsenic as a hazardous air pollutant. The 
listing was based on EPA findings that 
inorganic arsenic was carcinogenic to hu- 
mans and that there was significant public 
. exposure to the pollutant. On July 11, 1983, 
acting under a deadline imposed by a New 
York district court in January 1983, EPA 
proposed regulations governing arsenic 
emissions. | 

The proposed regulations govern emis- 
sions from primary copper smelters process- 
ing high-arsenic feed materials containing 
0.7% or greater arsenic, primary copper 
smelters processing low-arsenic feed materi- 
als containing less than 0.7% arsenic, and 
glass manufacturing plants. According to 


EPA estimates, over 85% of the 1,200 tons 
per year of arsenic emissions came from 
these three sources. EPA placed emphasis 
on the use of best available technology 
(BAT) in controlling emissions and esti- 
mated that the proposed standards would 
reduce total arsenic emissions approximate- 
ly 20%, and the ground-level fugitive emis- 
sions, which are thought by EPA to pose the 
greatest risk to public health, by about 65%. 
EPA identified other source categories for 
which standards were not proposed: pri- 
mary lead and zinc smelters, zinc oxide 
plants, arsenic chemical manufacturing 
plants, cotton gins, and secondary lead 
smelters.? 

The proposed standards, which were 
opened to public debate, required additional 
emissions controls at 14 glass furnaces, 6 
copper smelters processing low-arsenic feed 
materials, and ASARCO Incorporated’s Ta- 
coma, WA, smelter, the only smelter proc- 
essing high-arsenic feed materials. Public 
debate at hearings held in Tacoma, WA, 
and Washington, DC, focused on EPA expo- 
sure models, emissions estimates, and 
health risk assessments, particularly in re- 
gard to the Tacoma smelter, where imple- 
mentation of BAT control would leave the 
health risk at a relatively high level. Final 
EPA standards were expected to be issued 
late in 1984. 

Cotton growing is the principal agricul- 
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tural market for arsenical herbicides and 
desiccants. On January 12, 1983, the Agri- 
cultural Stabilization and Conservation Ser- 
vice, U.S. Department of Agriculture, pub- 
lished an interim rule establishing a pro- 
gram of payment-in-kind (PIK) for acreage 
diversion for some 1983 crops, including 
cotton? Amendments to the rule were pub- 
lished on March 4.* Under the program, 
producers were offered a quantity of a 
commodity as compensation for acreage 
normally planted to that commodity. As a 
result of the program, cotton planted during 
the year declined by 27% from the 1982 
level, greatly reducing the agricultural con- 
sumption of arsenicals. 

On October 25, EPA published proposed 
rules on effluent discharge limitations for 
existing and potential] new sources that 
manufacture inorganic chemicals. Arsenic 
was identified as one of the important 
pollutants found in the waste water from 
zinc chloride production, one of the six 
categories for which EPA proposed effluent 
limitation guidelines. The proposed regula- 
tion for zinc chloride was based on a BAT 
standard that calls for filtration of clarified 
waste water for removal of toxic metals.* 


DOMESTIC PRODUCTION 


Arsenic trioxide and commercial-grade 
arsenic metal were produced at the Tacoma, 
WA, copper smelter of Asarco. Arsenic 
trioxide was recovered there as a byproduct 
of the smelting of high-arsenic copper con- 
centrates and ores, principally from the 
Philippines and Chile. Asarco also process- 
ed domestic arsenic-bearing residues and 
concentrates. High-arsenic materials were 
. blended with domestic and foreign low- 
arsenic concentrates to reduce the overall 
arsenic content of feed material. Most of the 
arsenic trioxide was recovered from the flue 
dust generated by an initial concentrate 
roasting step, which causes the highly vola- 
tile arsenic to sublime. Arsenic metal was 
produced from high-purity imported arsenic 
trioxide. Arsenic trioxide production was 
limited by the necessity to comply with 
Federal and local regulations on the at- 
mospheric emissions of sulfur dioxide and 
arsenic. 

In addition to purchasing refined arsenic 
trioxide, Koppers Co. Inc., a major producer 
of arsenical wood preservatives, produced 
high-purity arsenic trioxide at its plant in 
Conley, GA, from low-grade material im- 
ported from Canada. Arsenic trioxide was 
processed into arsenic acid, which was 
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marketed or consumed internally in the 
production of chromated copper arsenate 
(CCA) wood preservatives. 

High-purity arsenic metal for use in elec- 
tronic devices was refined from commercial- 
grade metal by at least two companies: 
Asarco at its Globe, CO, plant and Canyon- 
lands 21st Century Corp. at its Blanding, 
UT, facility. Two companies, Canyonlands 
and Metallonics Inc., San Jose, CA, process- 
ed new gallium arsenide scrap from the 
electronics industry for gallium recovery. 
Arsenic was not recovered from the scrap. 
The arsenical residues were treated as a 
toxic waste. 

Williams Strategic Metals Inc., Wheat 
Ridge, CO, established commercial-scale fa- 
cilities for recovering arsenic from lead 
smelter flue dusts. Production was sched- 
uled to begin in January 1984. 

U.S. Industrial Metals Corp. contracted to 
purchase 250,000 tons of high-arsenic flue 
dusts that have accumulated at the site of 
the closed Anaconda Minerals Co. copper 
smelter. The company reportedly planned 
to build a mill using an acid leach process to 
treat 200 tons of dust per day for recovery of 
copper and precious metals, but no plans 
were made for recovery of the arsenic. 


CONSUMPTION AND USES 


Arsenic compounds, principally arsenic 
trioxide, accounted for 97% of arsenic con- 
sumption in 1983. The estimated end-use 
distribution of arsenic was 60% in industri- 
al chemicals (principally wood preserva- 
tives), 30% in agricultural chemicals (prin- 
cipally herbicides and desiccants), 5% in 
glass and ceramics, 3% in metallic form in 
nonferrous alloys, and 2% in other uses 
(animal feed additives, pharmaceuticals, 
etc.). 

The bulk of metallic arsenic was used in 
copper- and lead-based alloys as a minor 
additive (about 0.5%) to increase strength in 
the posts and grids of lead-acid storage 
batteries and to improve corrosion resist- ` 
ance and tensile strength in copper alloys. 
A relatively small amount, less than 10 
tons, of high-purity arsenic metal was used 
in the electronics industry. Gallium arse- 
nide and its alloys were used in such prod- 
ucts as light-emitting diodes and displays, 
room-temperature lasers, discrete micro- 
wave devices, solar cells, and photoemissive 
surfaces.* 

Arsenical wood preservatives for pressure 
treating lumber were the largest end use for 
arsenic trioxide. In the preparation of CCA 
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wood preservatives, arsenic acid, produced 
from arsenic trioxide, is mixed with copper 
oxide and chromic acid to form a leach- 
resistant waterborne preservative for pres- 
sure treating lumber. 

The principal agricultural market for 
arsenicals was in cotton growing where 
arsenic acid was used as a desiccant to aid 
in mechanical stripper harvesting of cotton, 
and other arsenical chemicals, such as 
monosodium methanearsonate (MSMA) and 
disodium methanearsonate (DSMA), were 
used as herbicides for control of grassy and 
broadleaf weeds. The largest decline in 
demand for arsenic was in agricultural 
consumption, where cotton planting was 
reduced by 27% from the 1982 level. Most or 
all of the reduction was due to the US 
Department of Agriculture’s PIK program. 

Arsenic trioxide is used in the glass indus- 
try primarily as a fining and decolorizing 
agent. With the advent in the late 1960's 
and early 1970’s of environmental and occu- 
pational health laws governing arsenic ex- 
posure and emissions, glass companies elim- 
inated or reduced to minimum amounts 
their consumption of arsenic compounds 
and began substituting arsenic acid for 
arsenic trioxide to reduce dusting during 
materials handling. As a result, arsenic 
usage has been limited to the pressed and 
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blown glass sector, the use of arsenic in the 
flat and container glass industry having 
been virtually eliminated. During 1983, ar- 
senic was used by an estimated 15 glass 
plants manufacturing pressed and blown 
glass products such as tableware, lead glass, 
and optical glass. 


PRICES 


The price of domestically produced arse- 
nic trioxide, guaranteed minimum 95% 
purity, declined throughout the year in 
response to decreased demand and plentiful 
supply. The price for carload quantities, 
which had remained constant at $0.40 per 
pound throughout 1982, declined to $0.37 
per pound early in the year and by October 
reached a low of $0.33 per pound. The price 
of domestically produced arsenic metal, 
marketed in 250-pound drums or 2,000- 
pound pallets, remained constant at $2.25 
per pound throughout the year. Dealer 
prices for foreign material were somewhat 
lower at $1.95 per pound. 

High-purity arsenic metal for electronics 
usage was sold in evacuated or argon-filled 
ampules to inhibit oxidation. Domestic ma- 
terial guaranteed to be 99.999%-pure, or 
better, sold for $100 per kilogram. Substan- 
tial premiums were paid for some imported 
material of higher guaranteed purity. 


Table 1.—Arsenic price quotations 
-© (Cents per pound, yearend) 


Trioxide, domestic, 95% As203, f.o.b. Tacoma, WA ` 
Trioxide, Mexican, 99.13% As203, f.o.b. Laredo, TX______ 
Metal, domestic, 99% As LL ----------------- 


FOREIGN TRADE 


In response to a decrease in demand, 
imports of arsenic trioxide were at the 
lowest level since 1978. However, imports of 
arsenic acid more than tripled, partially 
offsetting the decline in trioxide imports. 
Exports of arsenic compounds amounted to 
only 85 tons. 

Imports of arsenic trioxide from Canada 
were largely low-grade arsenical dusts and 


1981 1982 1983 
Exil d rM dene se a Ras 40 40 33 
MUT Spc d 18 59 45 


Se 275 245 220 


residues that had accumulated from the 
roasting of arsenic-bearing gold ores. In 
accordance with an agreement between 
Japanese smelters and Anaconda, arsenic 
trisulfide waste was shipped from Japan to 
the United States for disposal. The hazard- 
ous byproduct was created from smelting of 
arsenic-bearing concentrates that Anacon- 
da began shipping to Japan when it closed 
its copper smelter in September 1980. 
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Table 2.—U.S. imports for consumption of arsenicals, by class and country 


Class and country 


Arsenic trioxide: 
Australia -—-——-—----------—---—————— 
Belgium-Luxembourg 
Bolivia 


France ASA ee 
Germany, Federal Republic of 
Hong Kong 


-e a ae ae ee e zm zm e mm — zm zem eme vm vn mmm mn e gp mm e mm — 


Portugal 2 es de rt ia 
South Africa, Republic of 


Arsenic acid: 
Australia a o a de 


Mexico 


— — ` zm em ` o ms rem me zem as) 


Cañada: conri ti ot ore ae 


China 


Sweden - 2 et Se a Le 


hér e ur oe s n palla iem E i Lom 


1Less than 1/2 unit. 


1981 
Quantity 


(metric 
tons) 


Value 
(thou- 
sands) 


133 


2Data may not add to totals shown because of independent rounding. 
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1982 
Quantity 


(metric 
tons) 


Value 
(thou- 
sands) 


$121 
1,205 


1983 
Quantity 


(metric 
tons) 


Value 
(thou- 
sands) 
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Table 3.—U.S. import duties for arsenicals 


. TSUS Most favored nation (MFN) Non-MFN 
Item N 
H Jan. 1, 1983 Jan. 1, 1984 Jan. 1, 1987 Jan. 1, 1984 
Arsenic metal __ _ 632.04 1.0 cent per 0.8 cent per Free_______ 6.0 cents per 
pound. pound. . pound. 
Trioxide and sulfide RE Free_______ Free___---- da oO. onis Free. 
Other compounds _ 411.64 4.4% ad 4.2% ad 3.7% ad 2596 ad valorem. 
valorem. valorem. valorem. 
WORLD REVIEW refining arsenic, Japan was a leading world 


Canada.—Cominco Ltd.'s plant in Yellow- 
knife, Northwest Territories, which was 
commissioned in 1982 and was designed to 
produce 5 tons per day of high-purity arse- 
nic trioxide from sludge generated in the 
roasting of gold and silver ores, reportedly 
was experiencing startup difficulties. High- 
arsenic dusts and residues, accumulated 
from the roasting of arsenic-bearing gold 
ores from Campbell Red Lake Mines Ltd. in 
Ontario and Giant Yellowknife Mines Ltd. 
in the Northwest Territories, continued to 
be shipped to the United States for process- 
ing. Cominco, through its Electronics Mate- 
rials Div., was a major North American 
supplier of high-purity arsenic and gallium 
arsenide crystals for the electronics indus- 
try. Cominco opened its gallium arsenide 
plant in Trail, British Columbia, in June 
1981. 

Chile.—The El Indio Mine, a gold-silver- 
copper mine inaugurated in December 1981, 
80% owned by St. Joe International Corp., 
shipped high-arsenic ore and concentrate in 
1983 to the United States for processing. 
The roaster, built to reduce arsenic content 
in the concentrates to levels acceptable for 
conventional smelting, has been running 
below capacity since commissioning. El In- 
dios arsenic trioxide refinery came on- 
stream during the fourth quarter of 1983 
after experiencing startup difficulties and 
reportedly will be producing 300 to 400 tons 
per month of 97% arsenic trioxide. 

Japan.—With at least three companies 


producer of high-purity arsenic for elec- 
tronic applications. Sumitomo Electric In- 
dustries Ltd. and Mitsubishi Metal Corp. 
were major suppliers of high-purity gallium 
arsenide crystals used for production of 
semiconductor devices. At least 10 Japanese 
companies were working on developing gal- 
lium arsenide integrated circuits. 

Korea, Republic of.—According to the 
Republic of Korea’s Energy-Resources Insti- 
tute, a minable arsenic-bearing silver ore, 
with reserves estimated at 10.6 million tons, 
was identified in the southeastern part of 
the country. The deposit, which was be- 
lieved to be commercially exploitable, con- 
tains an average of 12.6% arsenic and 156 
grams of silver per ton.’ | 

Philippines.—Lepanto Consolidated Min- 
ing Co. Inc, the major supplier of high- 
arsenic concentrates to Asarco’s Tacoma 
(United States) smelter, was constructing a 
$17 million roaster located at the Philippine 
Associated Smelting and Refining Corp. 
(PASAR) complex on Leyte. Startup of the 
roaster plant, originally scheduled for No- 
vember, was reportedly delayed until early 
1984. The plant, which includes a large fluid 
bed roaster to volatilize arsenic, was ex- 
pected to have the capacity to process 5,000 
tons per month of high-arsenic concentrate 
and a crude arsenic trioxide capacity of 20 
tons per day. The calcined concentrate was 
to go to the PASAR smelter for treatment. 
Lepanto's contract to supply concentrates to 
Tacoma was scheduled to expire in 1986.8 
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Table 4.—Arsenic trioxide: World production, by country? 


(Metric tons) 
Country? 1979" 1980" 1981 1982P 1983€ 

¡E A 5,550 €5,300 €5,200 5,100 5,000 
Germany, Federal Republic off ____________ ee 360 360 360 360 
DOD E eee hes E 182 284 95 “100 100 
Korea, Republic of- - -—- -------------—- 590 NA 170 306 . NA 
MEXICO. Eege 6,537 6,932 6,517 4,140 4,700 
Namibia — nu. ll is lo a 2,221 1,288 1,370 1,895 51,126 
Peru n ee oe ee Se ee e ee x 1,415 2,475 2,164 1,663 1,800 
Portugal? -—----------------------- 345 200 196 200 190 
Sweden ooo 5,080 4,080 4,000 4,000 4,000 
PELA 7,700 7,700 7,800 7,900 8,000 
United States... W W W 

Total. e n t ee MI E eM 29,620 28,619 27,872 26,264 25,276 


a. Eamets PPreliminary. "Revised. NA Not available. 
ta 


W Withheld to avoid disclosing company proprietary 


‘Including calculated arsenic trioxide equivalent of output of elemental arsenic and arsenic compounds other than 
arsenic trioxide where inclusion of such materials would not duplicate reported arsenic trioxide production. 


2Table includes data available through May 30, 1984. 


“Austria, Belgium, China, Czechoslovakia, the German Democratic Republic, Hungary, Spain, the United Kingdom, 
usse vid, and Zimbabwe have produced arsenic and/or arsenic compounds in previous years, but information is 
inadequate to make reliable estimates of output levels. Chile began producing arsenic trioxide during 1983 from the El 
Indio gold-copper ores, however, it was not of marketable quality and required further refining by foreign producers. It 


has not been listed separately to avoid double counting. 
*Output of Tsumeb Corp. Ltd. only. 
5Reported figure. 
SOutput of Empresa Minera del Centro del Perú. 


"Output of arsenic trioxide for sale plus the arsenic trioxide equivalent of the output of metallic arsenic for sale. 
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The Bureau of Mines investigated the 
removal of arsenic from high-arsenic flue 
dusts and related materials so that these 
materials could subsequently be treated for 
metal recovery. In the process, lead smelter 
dust containing 10% arsenic was leached at 
90* C with 20% sulfuric acid to maximize 
dissolution of arsenic, zinc, cadmium, and 
indium. Indium was removed from solution 
using solvent extraction, followed by precip- 
itation of arsenic with iron sulfate and 
calcium carbonate to form a fixed, stable 
precipitate for waste pond containment. 
The lead residue could be recycled to the 
lead blast furnace and the leach liquor 
returned to the electrolytic zinc plant.? 

The Bureau also investigated the removal 
of arsenic from mining industry waste 
streams by adsorbing arsenic on hydrated 
titanium dioxide granules. Following the 
use of sulfur dioxide to precipitate arsenic 
from sulfuric acid leach solutions generated 
from the leaching of smelter flue dusts, the 
granules were used to scavenge the remain- 
ing arsenic. Tests using synthetic solutions 
resulted in a maximum arsenic loading of 
14% on the granules, but loading was much 
lower when actual leach solutions were 


used. The granules were also used in an 
attempt to selectively scavenge arsenic 
from an ion exchange effluent stream from 
a Bureau of Mines process to recover tita- 
nium from Searles Lake brine, but un- 
acceptable amounts of tungsten were ad- 
sorbed by the granules.'^ ` 

Harris Microwave Semiconductor Inc., 
Milpitas, CA, introduced the first commer- 
cially available gallium arsenide integrated 
circuit. The circuit reportedly operates at 
up to five times the speed of the fastest 
silicon chips. In December, Harris brought 
on-line what was described as the capacity 
to grow the largest high-purity gallium 
arsenide single-crystal ingots with crystals 
up to 5 inches in diameter and 10 kilograms 
in weight.?! 

The gallium arsenide integrated circuit 
market was expected to grow markedly 
within the next decade, with an estimated 
42 U.S. companies in some stage of develop- 
ing gallium arsenide integrated circuit 
capabilities.? Rockwell International and 
Honeywell Inc. were awarded Defense Ad- 
vanced Research Projects Agency funding 
to establish a pilot line for the fabrication of 
complex gallium arsenide integrated circuit 
chips. The 3-year program calls for the pilot 
line to achieve a minimum throughput of 
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100 3-inch wafers per week for at least the 
last 6 months of the program. The long- 
term objective of the program is to establish 
pilot lines to serve as gallium arsenide 
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foundry resources for the U.S. Department 
of Defense.'?* Approximately 60 gallium ar- 
senide projects were sponsored by Govern- 
ment defense agencies during 1983. 


CESIUM AND RUBIDIUM: 


Domestic Data Coverage.—Domestic da- 
ta for cesium and rubidium are developed 
by the Bureau of Mines from a voluntary 
survey of U.S. operations. Of the four oper- 
ations to which a survey request was sent, 
all responded, but only one company re- 
ported production of cesium and rubidium 
products. 


DOMESTIC PRODUCTION 


Small quantities of cesium metal and 
compounds were produced from pollucite 
ore imported from Canada and Zimbabwe. 
Rubidium metal and compounds were pro- 
duced from imported lepidolite ores. 

The only producer of cesium and rubid- 
ium metal and compounds was the KBI Div. 
of Cabot Corp. at its plant at Revere, PA. 
The Callery Chemical Co., Callery, PA, a 
producer in past years, retained its produc- 
tion capacity and was considered a potential 
supplier. Another supplier in past years, 
the Kerr-McGee Chemical Corp., Trona, CA, 
sold all of its stocks of ores and other source 
materiais and ceased production of cesium 
and rubidium. 


CONSUMPTION AND USES 


Data concerning specific end-use and con- 
sumption patterns for cesium and rubidium 
and their compounds were not available. 
Cesium and rubidium and their respective 
compounds were interchangeable in most 
applications, although cesium compounds 
were the most widely accepted because of 
their availability and price advantages. 

More than 75% of the cesium and rubid- 
ium consumed in the United States was 
used in research. The principal use in this 
application was developmental research on 
direct energy-conversion devices, such as 
magnetohydrodynamic (MHD) generators, 
solar photovoltaic cells, and therimonic and 
turboelectric power generators. Commercial 
consumption included uses for high-voltage 


rectifying tubes, which change alternating 
current to direct current, and for infrared 
lighting, where cesium vapor emits long- 
wavelength radiation that is invisible to the 
eye. Cesium chloride was used in photoelec- 
tric cells because its color sensitivity is 
higher than that of other alkali salts. 


PRICES 


Prices for cesium and rubidium com- 
pounds rose slightly in 1983, reportedly 
because of higher costs of production. At 
yearend, cesium metal was $275 per pound 
for technical grade and $325 per pound for 
high-purity metal. Rubidium metal prices 
were $300 per pound for technical grade 
and $375 for high-purity metal. 


Table 5.—Prices of selected cesium and 
rubidium compounds in 1983 


Base price per pound? 
Compound High- 
ae purity 
grade 
Cesium bromide ________ $34.25 $69.50 
Cesium carbonate |... 34.25 69.50 
Cesium chloride... ... 36.50 12.50 
Cesium fluoride________ _ 43.50 80.00 
Cesium hydroxide ______~_ 41.25 78.00 
Rubidium carbonate __ _ _ __ 83.50 125.00 
Rubidium chloride ` ` 84.50 126.00 
Rubidium fluoride _______ 91.00 132.00 
Rubidium hydroxide. _ _ _ _ _ 91.00 132.00 


1Price is for quantities of less than 100 pounds, f.o.b. 
Revere, PA, excluding packaging costs. 


Source: Cabot Corp., KBI Div. 


FOREIGN TRADE 


The increase in imports was attributed 
to a slight increase in demand and the 
strengthening of the U.S. dollar against 
foreign currencies. Trade data on raw mate- 
rials and metal were not available. Tariff 
schedules established at the Tokyo Round of 
trade negotiations are shown in table 7. 
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Table 6.—U.S. imports for consumption of cesium compounds, by country 


1982 1983 
Country Cesium chloride NoE unds, Cesium chloride — unds, 
Quantity . Quantity Quantity Quantity 
(pounds) Value — (pounds) Value (pounds) Value (pounds) Value 
Austria --—--------—--- BER BE I Sun s die 13 $685 
Canada ____._____ e A A ENS atau Se SCH See ai 2,406 2,093 
Germany, Federal Republic of. 9,645 $403,047 6,995 $395,379 13,655 $507,876 2,930 94,532 
Netherlands `. .......- Eds EN = m 220 10,949 M == 
United Kingdom. _______-— me ne 7 1,015 ST NE 3 397 
Tota]... nna ee 9,645 . 403,047 7,002 396,394 13,875 518,825 5,352 97,707 
Table 7.—U.S. import duties for cesium and rubidium 
te TSUS Most favored nation (MFN) Non-MFN 
m  ÁÓ RR S: $». a a, 
No. Jan. 1, 1984 Jan. 1, 1987 Jan. 1, 1984 
Ore and concentrate __________~- 601.66 Free `. Free ________ : 
Cesium -----------------—- 415.10 6.5% ad valorem _ 5.3% ad valorem _ 25% ad valorem. 
Cesium chloride- - - -- --------——- 418.50 4.8% ad valorem _ 4.0% ad valorem _ Do. 
Other cesium compounds ________ 418.52 4.4% ad valorem _ RESEN | cl ye a Do. 
Rubidium `. 415.40 4.2% ad valorem _ 3.7% ad valorem .. Do. 
Rubidium compounds `... 423. sree MAO ate EE, EE Do. 
WORLD REVIEW tion of electric power, in which cesium and 


The Bernic Lake Mine of the Tantalum 
Mining Corp. of Canada Ltd., the major 
source of pollucite for the United States, 
remained closed in 1983, having shut down 
at the end of 1982. The reasons given for the 
continued shutdown were lack of demand 
and high costs of production. 

Bikita Minerals (Pvt.) Ltd., which operat- 
ed several mines that produced cesium and 
rubidium minerals in the Victoria District 
of Zimbabwe, ceased all production at the 
end of 1982. The mines reportedly remained 
closed at the end of 1983, although several 
shipments of ore were reportedly sent to 
Japan. 


TECHNOLOGY 


Development continued on MHD genera- 


rubidium salts are used. Work continued at 
the Pacific Northwest Laboratories of Bat- 
telle Memorial Institute at Richland, WA, 
on the coal gasifier MHD unit. Research on 
conventional MHD development was con- 
tinued on a 20-ton-megawatt, two-stage, 
coal-fired combustor under a program of 
the U.S. Department of Energy at Butte, 
MT. 

Conversion of the Ryazan thermal power- 
plant in central U.S.S.R. into a 500-mega- 
watt MHD unit fueled by natural gas re- 
portedly was approved. Power Ministry offi- 
cials stated that the plant will consist of 
a 250-megawatt MHD generator plus a 300- 
megawatt standard steam turbine, with an 
overall energy conversion efficiency of 
6096.15 


GERMANIUM!S 


Domestic production and consumption of 
germanium decreased significantly during 
1983 compared with that of 1982. 

Domestic Data Coverage.—Domestic re- 
finery production data for germanium are 
developed by the Bureau of Mines based on 
discussions with domestic producers con- 
cerning total industry production. 


DOMESTIC PRODUCTION 


Eagle-Picher Industries Inc, Quapaw, 
OK, was the sole domestic producer of 
primary germanium. Kawecki Berylco In- 
dustries Inc., a division of Cabot, Revere, 
PA; Atomergic Chemetals Co., Plainview, 
NY; and Bunker Rare Metals, Irving, TX; 


OTHER METALS 


produced germanium products using im- 
ported metal, oxide, and scrap and domestic 
scrap. 

Jersey Miniére Zinc Co., Clarksville, TN, 
produced germanium-rich residues as a by- 
product of processing zinc ores mined at 
Gordonsville and Elmwood, TN. These resi- 
dues were shipped to Métallurgie Hoboken- 
Overpelt SA in Belgium for germanium 
recovery and refining. 

Musto Explorations Ltd. of Vancouver, 
Canada, completed a feasibility study on the 
Apex Mine, an abandoned copper mine at 
St. George, UT, and announced its decision 
to put the mine into production. The major 
products of this project were to be germa- 
nium hydroxide and gallium hydroxide, 
with byproducts of copper, silver, and zinc. 
Underground development work began in 
October. The mine was expected to produce 
120 tons of ore per day. Ore reserves were 
estimated at 243,000 tons containing 0.082% 
gallium and 0.064% germanium. The com- 
pany also expected to build a plant capable 
of treating 100 tons of ore per day and 
announced a target date of March 1985 for 
start of production. Estimated annual pro- 
duction levels for the first 3 years were 
10,000 kilograms of contained gallium and 
17,900 kilograms of contained germanium.!” 
Eagle-Picher Industries was expected to 
purchase 8,000 kilograms of germanium 
hydroxide from Musto on a long-term con- 
tract basis 18 

Domestic refinery production from both 
primary and secondary materials for 1983 
was estimated to be approximately 20,000 
kilograms. The decrease in production from 
the 1982 estimated production of 26,000 
kilograms was the result of lower demand. 
Based on the U.S. producer price for refined 
germanium metal, the approximate value of 
the production was $21 million. 


CONSUMPTION AND USES 


The apparent consumption of germanium 
was estimated at 35,000 kilograms, a signifi- 
cant decrease from the 42,000 kilograms 
estimated in 1982. The estimated consump- 
tion pattern for various end uses of germa- 
nium in 1983 was as follows: infrared sy- 
stems, 50%; fiber optics, 15%; semiconduc- 
tors, 15%; detectors, 10%; and other uses, 
10%. 

The largest end use for germanium con- 
tinued to be in infrared optics despite a 
slowdown in the rapid growth evident over 
the past few years, owing in part to a delay 
in some previously planned military proj- 
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ects involving infrared systems for use in 
guidance and weapon-sighting systems. 
Germanium-containing lenses and windows 
transmit thermal radiation in a manner 
similar to visible light transmission by opti- 
cal glass. Other important uses for germa- 
nium glass included nonmilitary surveil- 
lance and monitoring systems in fields such 
as satellite mapping and fire alarms. 
Another growing market for germanium 
in recent years was fiber optic telecommun- 
ications systems. However, improvements 
in the technology used to manufacture fiber 
optic cables and the increased use of mono- 
modal fibers over multimodal fibers led to a 
decrease in the amount of germanium con- 
sumed by this industry during 1983. This 
market should continue to grow as several 
companies announced plans to install fiber 
optic cable systems in the near future. In 
February, American Telephone & Tele- 
graph Co. (AT&T) placed into operation 
its fiber optic cable system connecting 
New York and Washington, DC. AT&T 
announced that it planned to extend this 
line from Boston, MA, to Richmond, VA, as 
well as setting up additional lines in Penn- 
sylvania, Texas, North Carolina, and 
Georgia.'? A new transatlantic phone sys- 
tem using fiber optic cables known as TAT-8 


and owned by 28 international telecommun- 


ications companies was expected to be ready 
for operation in June 1988.7» Illinois Bell 
Telephone Co. and Bell Telephone of Cana- 
da also announced plans to install fiber 
optic cable systems in their respective juris- 
dictions. Fiber optics can be used as replace- 
ments for conventional wire telecommun- 
ication systems and is finding increased use 
because it can be installed in existing un- 
derground conduits where space is often at 
a premium. Fiber optic systems provide a 
compact, short-circuit-free transmission me- 
dium that is not susceptible to distortion by 
an electromagnetic field and cannot be 
tapped by currently available technology. 
Although not used in all fiber optic systems, 
germanium was an important constituent 
in many systems. 

Germanium was used as a substrate upon 
which gallium arsenide phosphide was de- 
posited to form an essential part of light- 
emitting diodes. Germanium was also used 
in the manufacture of other semiconductor 
electronic equipment; to improve the hard- 
ness of copper, aluminum, and magnesium 
alloys; and, in some foreign countries, as a 
catalyst in the production of polyester fibers 
and plastic bottles. 
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PRICES 


The published domestic producer prices 
for germanium metal and germanium di- 
oxide were unchanged throughout the year 
at $1,060 and $660 per kilogram, respective- 
ly. Some discounting by domestic producers 
was evident during 1983 because of the 
competition from imported material. - 
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FOREIGN TRADE 


A comparison of the value per kilogram of 
imported germanium material with the 
published producer price for germanium 
metal indicates that much of the increase in 
imported material was scrap containing 
various amounts of germanium. The esti- 
mated germanium content of the imported 
material was calculated to be approximate- 
ly 6,500 kilograms. 


Table 8.—U.S. imports for consumption of germanium, by class and country 


1982 1983 
Cl d t Gross Gross 
GE weight . Value weight Value 
(kilograms) kilograms) 
Unwrought and waste and scrap: 
Belgium-Luxembourg -----------------------—- 1,854 $4,018,956 4,540 $1,731,115 
Canada ——— c suene a E 143 5,590 ieu zd 
CHING sonoras he Ead d eo T" 651 455,184 
Francè Bee Tc E STR = 1,328 635,696 
Germany, Federal Republic of `... 179 219,004 303 3,531,509 
ade EE . RN Aem 1,683 635,507 
EE 53 . 38,792 10 2,600 
Netherlands EE ER 100 50,063 1,843 774,095 
Singapore A ee se t ae E ELE Eus ids 910 542,463 
Switzerland: 2 usen cim o ia im im 448 188,612 
United Kingdom `. 821 95,577 4,075 617,274 
fo) EE 3,150 4,427,982 15,791 9,121,255 
Wrought: 
Belgium-Luxembourg --—---------------------- 6,955 3,648,870 4,061 1,256,342 
Cañada: E eh oie ene ee ee 3 850 E ee 
eene Ee We Med 10 10,027 
Erand Lac a a EL I ELA 1,934 974,825 y nom zi 
Germany, Federal Republic of -- ----------------- . 18 : 129,494 1,040 115,761 
Netherlands 2.2.02 ee ee a io ds 155 52,238 E = 
United Kingdom --------------------------—- 144 52,500 14 23,256 
Total ech oh aig eta cout EE a 9,309 4,858,777 5,125 1,405,386 
Table 9.—U.S. import duties for germanium metal and germanium dioxide 
Most favored nation (MFN) Non-MFN 
Item Jan. 1, 1983- 
O. y . Ly 
Jan. 1, 1983 Jan. 1, 1984 Jan. 1, 1984 
Germanium dioxide. - - - ---- ---—- 423.00 4.4% vi valorem 4.2% a valorem 25% ad valorem. 
Metal, unwrought and waste and scrap .. _ 628.25 do | ....do......- Do. 
Metal, wrought `... 628.80 7.3% ad valorem 6.8% sd valorem 45% ad valorem. 
WORLD REVIEW arroya, France; Societá Mineraria e Metall- 


World production was estimated at 85,000 
kilograms.?: Germanium was produced by 
Métallurgie Hoboken-Overpelt, Belgium; 
Societé Minière et Métallurgique de Peñ- 


urgica di Pertusola S.A., Italy; Bleiberger- 
bergwerksunion AG, Austria; and Preus- 
sag Metall AG, Federal Republic of Ger- 
many. Germanium refineries were also lo- 
cated in China, Japan, and the U.S.S.R. 


INDIUM?? 


Indium was produced by Indium Corp. of Corp. at a plant in Palmerton, PA; Wil- 


America, Utica, NY; NJZ Alloys Inc., a joint 
venture of New Jersey Zinc Co. and Indium 


liams, Wheat Ridge, CO; and The Arconium 
Corp., Providence, RI. Both NJZ and Wil- 


OTHER METALS 


liams sent their indium product to Indium 
Corp. for further refining and marketing. 
Domestic production declined in 1983, as 
imports continued to gain market share. 
The Bureau of Mines does not publish 
domestic production data on indium. Small 
quantities of secondary indium were avail- 
able from specialty metal recycling firms. 


CONSUMPTION AND USES 


Indium consumption increased primarily 
as a result of a general economic improve- 
ment. Usage in the categories of fusible 
alloys and solders was especially strong as a 
generally lower indium price enhanced its 
competitive position. Consumption for nu- 
clear control rods remained low. Research 
studies continued on a broad range of possi- 
ble new uses, especially for solar cells and 
an indium-tin oxide coating for glass. Esti- 
mated consumption patterns for indium 
metal were electrical and electronic compo- 
nents, 40%; solders, alloys, and coatings, 
40%; and research and other uses, 20%. 
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PRICES 


The price of indium initially rose and 
then declined during 1983. The price was 
$2.60 per troy ounce at the start of the year, 
rose to $3.50 per troy ounce by the end of 
March, then later declined in two stages to 
end the year at $2.65 per troy ounce. 


FOREIGN TRADE 


Imports of indium-rich residues rose 
sharply to meet increased domestic de- 
mand. France was the leading supplier, 
followed by Italy and Belgium-Luxembourg. 

The duty on unwrought and waste and 
scrap indium (TSUS 628.45) was 1.1% ad 
valorem for most favored nations (MFN) 
and 25% ad valorem for non-MFN. The 
duty on wrought indium (TSUS 628.50) was 
6.3% ad valorem for MFN and 45% ad 
valorem for non-MFN. For indium com- 
pounds (TSUS 423.96), the duty was 2.5% ad 
valorem for MFN and 25% ad valorem for 
non-MFN. 


Table 10.—U.S. imports for consumption of indium, by class and country 
(Thousand troy ounces and thousand dollars) 


1982 


ĉi u | : 1981 1983 
ass and coun 
id Quantity Value Quantity Value Quantity Value 
Unwrought and waste and scrap: | 
lgium-Luxembourg ----------------- 91 579 141 452 218 556 
Canada os E es a et seg: 14 159 14 = 124 33 135 
China ue o e e 5 30 es SCH (7) 10 
FRANCO? mco cu te eer 59 307 83 226 278 521 
Germany, Federal Republic of |... (1) 8 PE MS (1) 1 
Hong Kong - ice See Sub SS Sen (!) 12 
Ireland aaa tl Ee SN 59 Se ch 
Ireland eege 17 165 292 259 435 
JAP e a EE 105 601 114 323 3 24 
Netherlands __________________-____ 13 85 23 69 16 37 
Ls O a a 85 619 26 96 49 129 
Switzerland ______________--~---__-- (1 2 NO 32 77 
United Kingdom --—------------------ 65 580 95 486 182 780 
EE EE 5 42 s " Sie? bo 
dE 446 3,029 685 2,127 1,071 2,719 
Wrought: 
Germany, Federal Republic of ------------ (1) 3 SS = (1) 1 
Hong Kong - - -- ------------------—- SE ur n" ER (3) 5 
¡A E (1) 2 n P EN Se 
JAP es la o la 1 7 (2) 2 1 11 
Peri Str a a ee 10 60 p T e NE 
United Kingdom -------------------- 4 51 1 57 1 59 
Total cito ad ta Lect a 15 123 1 59 2 76 


1Less than 1/2 unit. 


2Data may not add to totals shown because of independent rounding. 


WORLD REVIEW 


In response to a general economic im- 
provement, world production increased. In- 
dustry sources reported that Peñarroya, 
with facilities in France and Italy, emerged 


as a very important producer during the 
year. Other major world refiners included 
Métallurgie Hoboken-Overpelt in Belgium, 
Nippon Mining Co. Ltd. in Japan, and 
Mining and Chemical Products Ltd. in the 
United Kingdom. 
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RHENIUM?* 


Rhenium was produced by one domestic 
firm in 1983. Consumption of rhenium in- 
creased an estimated 49% over that of 1982 
to 8,800 pounds. Imports increased from 
5,369 pounds in 1982 to 6,570 pounds in 
1988. The major use continued to be bi- 
metallic platinum-rhenium catalysts to pro- 
duce low-lead and lead-free gasoline. The 
price of rhenium decreased throughout the 
year, falling to $250 per pound for the metal 


and $200 per pound for the perrhenic acid 
by yearend. 

Domestic Data Coverage.—Domestic con- 
sumption data for rhenium are developed 
by the Bureau of Mines by means of an 
annual voluntary domestic survey. Of the 
63 operations to which a survey request was 
sent, 94% responded, representing an esti- 
mated 41% of the total consumption shown 
in table 11. 


Table 11.—Salient U.S. rhenium statistics 
(Pounds of contained rhenium) 


1979 


Mine production _____________----~- 
Consumption? 


Imports (metal). - ---------------- 9 


Imports for consumption of ammonium 


1980 1981 1982 1983 
W W W W 
1,300 6,600 9,900 8,800 
913 580 176 623 
4,991 9,089 5,193 5,947 
W W 


"Estimated. W Withheld to avoid disclosing company proprietary data. 


DOMESTIC PRODUCTION 


Rhenium is produced from molybdenite 
(MoS,) concentrates, which are a byproduct 
of porphyry copper ores produced from 
mines located in the southwestern United 
States. 

S. W. Shattuck Chemical Co. was the only 
producer of rhenium during the year. Four 
other producers—Kennecott, Duval Corp., 
M&R Refractory Metals, and Molycorp 
Inc.—remained idle owing to the low price 
for rhenium. 


CONSUMPTION AND USES 


During 1983, the domestic consumption of 
rhenium increased an estimated 49% above 
that of 1982 to 8,800 pounds. Platinum- 
rhenium bimetallic reforming catalysts are 
used by the petroleum industry to produce 
low-lead and lead-free high-octane gasoline. 
These catalysts compete with monometallic 
platinum catalysts and with other bimetal- 
lic catalysts that are used in the reforming 
process. Although the rhenium content 
ranges from 0.25% to 0.9%, by weight, the 
majority of these catalysts contain 0.3% 
rhenium and 0.3% platinum, using alumina 
(A1,0,) as the support medium. The charac- 
teristics that make the platinum-rhenium 
reforming catalysts so attractive, when 
compared with the monometallic platinum 
catalysts, include a lower price, the ability 
to tolerate greater carbon accumulation, 


the resistance toward common poisons like 
sulfur, and the ability to operate at higher 
temperatures and lower pressures. The 
platinum-rhenium catalysts are easily re- 
generated. The regeneration of these cata- 
lysts reduces the annual demand for out- 
put of first-generation catalytic feedstock. 
About 93% of the rhenium and 98% of the 
platinum can be recovered in this process. 
Of the three basic types of bimetallic 
reforming catalysts, the semiregenerative 
type accounted for about 60% of the total 
reforming capacity. This type of catalyst 
requires process shutdown for regeneration 
at specified intervals. Cyclic and other types 
(nonregenerative, continuous, and moving- 
bed systems) accounted for 10% and 9%, 
respectively, of the total reforming capaci- 
ty. An estimated 80% of the total reforming 
capacity employed platinum-rhenium cata- 
lysts. Other applications of reforming 
platinum-rhenium catalysts include the 
production of benzene, toluene, and xylenes. 
About 7% of the total domestic consump- 
tion of rhenium was used in the form of 
powder or alloys. The major portion of 
rhenium used in these forms was contained 
in tungsten-rhenium and molybdenum- 
rhenium alloys. When alloyed with other 
metals, rhenium improves their mechanical 
and electrical properties, acid and heat 
resistance, wear and corrosion resistance, 
and durability. Rhenium was used in the 
manufacturing of thermocouples, ionization 


OTHER METALS 


gauges, electron tubes and targets, metallic 
coatings, semiconductors, heating elements, 
high temperature nickel-based alloys, vacu- 
um tubes, mass spectrographs, and electro- 
magnets. 


PRICES 


The price of rhenium and its products 
continued to decline. This trend began dur- 
ing the second half of 1980 after the price of 
rhenium reached a record high, which 
encouraged the recycling of bimetallic 
platinum-rhenium reforming catalysts by 
the oil industry. During the first quarter of 
1983, the average price of rhenium metal 
was about $350 per pound. By the middle of 
the year, the price decreased to about $300 
per pound, dropping to approximately $250 
per pound by yearend. The price of per- 
rhenic acid was about $300 per pound dur- 
ing the first quarter and decreased to about 
$250 per pound by the middle of the year, 
falling to about $200 per pound by the end 
of the year. | 


FOREIGN TRADE 


U.S. imports for consumption of rhenium 
totaled 6,570 pounds, an increase of 22.4% 
over that of 1982. Ammonium perrhenate, 
with 5,947 pounds of metal content, was the 
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main form of rhenium imported. This repre- 
sents a 14.5% increase over that of 1982. 

The value of these imports was 
$1,130,000. About two-thirds of the imports 
of ammonium perrhenate originated from 
Chile and one-third from the Federal Re- 
public of Germany. Imports of rhenium 
metal totaled 623 pounds, which represents 
a 204% increase over that of 1982. The 
value of these imports totaled almost 
$180,000 and all but 10 pounds originated 
from the Federal Republic of Germany. 

The import duty on ammonium perrhe- 
nate from countries with MFN status was 
3.6% ad valorem; the import duty from 
countries with non-MFN status and least 
developed-developing countries (LDDC) was 
25% and 3.1% ad valorem, respectively. The 
duty on rhenium metal from countries with 
MFN status was 4.290 ad valorem for 
unwrought metal and 6.8% ad valorem for 
wrought metal. The duty on wrought and 
unwrought metal from countries with non- 
MFN status was 45% and 25% ad valorem, 
respectively. For the LDDC, the duty on 
wrought metal was 5.596 ad valorem and on 
unwrought metal 3.7% ad valorem. The 
duty on waste and scrap had been suspend- 
ed indefinitely. | 
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WORLD REVIEW 


World production of rhenium in 1983 was 
estimated to be 24,800 pounds, exclusive of 
U.S. production. Rhenium was recovered 
from byproduct MoS, from porphyry copper 
deposits in Canada, Chile, Iran, Peru, the 
U.S.S.R., and the United States. The only 
exception was in the U.S.S.R., where rhe- 
nium was also recovered as a byproduct 
from the Dzhezkazgan sedimentary copper 
deposit in Kazakhstan. Rhenium metal and 
compounds were produced from concen- 
trates in Chile, France, the Federal Repub- 
lic of Germany, Sweden, the U.S.S.R., the 
United Kingdom, and the United States. 

Canada.—The Island Copper Mine in 
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British Columbia continued to be the sole 
producer of rhenium in Canada. MoS: con- 
centrates, which contained approximately 
9,000 pounds of rhenium, were exported to 
the Federal Republic of Germany and the 
United States. 

Chile.—Chilean production of rhenium 
was estimated at 7,000 pounds, the largest 
amount produced by a market economy 
country. The Corporacion Nacional del 
Cobre de Chile continued to mine rhenium. 
Recovery of rhenium in Chile was done by 
the independent converting facility Mo- 
libdenos y Metales S.A. on a toll basis. 
Other rhenium resources in Chile are Los 
Pelambres, Quebrada Blanca, El Abra, and 
the Disputada de las Condes Mines. 


SELENIUM‘ 


An increase in domestic demand for re- 
fined selenium during 1983 was balanced by 
a large increase in domestic production and 
a reduction in imported material. A bal- 
anced supply-demand relationship for re- 
fined selenium resulted in relatively little 
increase in the price of selenium. 

Domestic Data Coverage.—Domestic pro- 


duction data for selenium are developed by 
the Bureau of Mines from a voluntary 
survey of U.S. operations. The three domes- 
tic refiners of selenium responded to a 
survey of their stocks, primary refined pro- 
duction, and shipments of selenium to con- 
sumers, representing 100% of those values 
shown in table 14. 


Table 14.—Salient selenium statistics 
(Kilograms of contained selenium unless otherwise specified) 


1979 1980 1981 1982 1983 
United States: 
Production, primary refined _-________ 1266,312 1140,880 251,949 242,996 353,860 
Shipments to consumers |... 211,981 140,960 ; 307,610 374,030 
Exports, metal, waste and scrap- ------— 151,174 81,769 60,523 117,267 3,368 
Imports for consumption -________-.- 310,213 283,709 311,566 47,329 297,029 
Apparent consumption ____________ 371,020 342,901 458,898 931,612 911,691 
Stocks, yearend, producer?__________ 284,473 284,394 292,558 254,210 152,790 
Dealers' price, average per pound, 
commercial-grade? _____________ 4$13.65-$15.31 *$10.95-$12.66 $4.38 $3.53 $3.87 
World: Refinery production ----------- 1,621,167 1,211,496 1,270,834 P1,119,821 *1,326,533 


“Estimated. Preliminary. 


1Production includes net production of granular selenium, a semirefined form of selenium. 
2Granular selenium, a semirefined form of selenium, is included in stocks. 


3Metals Week. 


TProducers' price of commercial and high-purity grades. In 1981, producers ceased listing published prices. 


Legislation and Government Pro- 
grams.—On October 25, the EPA published 
proposed rules on effluent discharge limita- 
tions for existing and potential new sources 
that manufacture inorganic chemicals. Se- 
lenium was identified as a toxic pollutant in 
the waste water of plants producing cadmi- 
um salts. EPA identified 12 facilities in the 
United States producing cadmium com- 
pounds in this category, 5 of which pro- 
duced cadmium pigments and 7 of which 
produced cadmium salts without associated 


pigment production. The proposed limita- 
tions, based on the best practical technology 
(BPT) standard, called for lime precipitation 
with clarification for heavy metals removal 
followed by filtration for further removal of 
metal hydroxides and other suspended sol- 
ids. Selenium was also found in the treated 
waste water of one copper sulfate plant, but 
not in the raw waste water. The limitations 
would require that selenium be adequately 
controlled if added to the waste water dur- 
ing treatment. 
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DOMESTIC PRODUCTION 


The majority of primary selenium was 
recovered from anode slimes generated in 
the electrolytic refining of copper. Selenium 
also was believed to have been recovered 
from lead slimes and nonferrous flue dusts. 
Despite a decline in refined copper produc- 
tion from primary materials, production of 
refined selenium increased to its highest 
level in 10 years as stocks of semirefined 
metal were refined. 

- Primary selenium was recovered from 

both domestic and imported materials at 
three U.S. copper refineries: AMAX Copper 
Inc., at Carteret, NJ; Asarco, at Amarillo, 
TX; and Kennecott, at Magna, UT. Sele- 
nium-bearing copper slimes from other do- 
mestic copper refiners were either shipped 
to the above refineries or exported for 
processing. High-purity selenium metal and 
various selenium compounds were produced 
from commercial-grade metal by the three 
copper refineries and other processors. 
Phelps Dodge Refining Corp. installed sele- 
nium refining facilities at its E] Paso, TX, 
copper refinery and reportedly was stock- 
piling crude selenium materials. Startup of 
the selenium refinery was planned for early 
1984, having been delayed during 1983 ow- 
ing to strike activity and low selenium 
prices. 

During the fourth quarter, selenium pro- 
duction at AMAX’s Carteret refinery was 
sharply curtailed when most of the copper 
refinery closed. Carteret, which use to proc- 


ess large quantities of No. 2 copper scrap ` 


and blister, as well as processing anode 
slimes from other companies, changed its 
emphasis to the processing of high-precious- 
metal-bearing scrap. Future selenium pro- 
duction was expected to be minimal. 

Because of the high cost of processing 
selenium-bearing scrap relative to the low 
price of selenium, production of secondary 
selenium from scrap xerographic materials 
and used selenium rectifiers by two US 
companies was discontinued during 1982. 
Scrap xerographic materials containing se- 
lenium were exported to Canada and the 
United Kingdom for processing to recover 
the selenium. 


CONSUMPTION AND USES 


Consumption of refined selenium contin- 
ued to increase for the fourth consecutive 
year and was at its highest level since the 
peak year of 1974. 

Domestic producers provided additional 
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quantities of selenium to meet the increased 
consumption as net imports of selenium 
declined from that of 1982. Consumption of 
selenium in all major end uses increased 
with major increases reported for pigment 
and metallurgical applications. Estimated 
selenium consumption by end-use category 
was electronic and photocopier components, 
33%; glass manufacturing, 27%; pigments, 
20%; metallurgical applications, 7%; and 
other, including animal feed and chemicals, 
13%. 

The major electronic usages of selenium 
were as a photoreceptor used in the drums 
of plain paper electrophotographic copiers, 
and as a semiconductor in the production of 
selenium rectifiers. Although usage as the 
predominant photoreceptor continues to 
grow, selenium rectifier usage has declined, 
owing to the advent of low-cost silicon 
rectifiers. 

The primary use of selenium in the glass 
industry was in container glass where it 
was used as a decolorant to compensate for 
the yellow-green tint imparted by ferrous 
ions. Selenium was finding increasing usage 
in architectural plate glass, where it was 
used in combination with cobalt oxide and 
iron oxide to reduce solar heat transmis- 
sion. 

With the improvement of the U.S. auto- 
mobile and construction industries, use of 
selenium in cadmium sulfoselenide red pig- 
ments increased markedly above the de- 
pressed 1982 level. These pigments, which 
have a range of color from light orange to 
maroon, depending on selenium content, 
have good heat stability and are important 
colorants for plastics, glass, and ceramics. 


STOCKS 


In the face of strong demand and decreas- 
ed primary copper refinery production, pro- 
ducer stocks of selenium declined sharply, 
as stocks of granular selenium, a semire- 
fined form of selenium, were processed into 
refined products. At the 1983 rate of con- 
sumption, yearend producers’ stocks repre- 
sented about a 3-month supply of selenium. 
Consumer stocks of refined selenium at 
yearend were reported to be at minimum 
working levels. 


PRICES 


Standard commercial-grade selenium av- 
eraging 99.5% selenium was sold as powder, 
available in several mesh sizes, or as small 
lumps or shot. High-purity selenium con- 
taining 99.99% selenium or better was 
marketed as pellets or sticks. Specifications 
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for pigment-grade selenium powder gener- 
ally required a selenium content of 99.8%. 


Other forms of selenium available included ` 


selenium dioxide, ferroselenium, sodium 
selenite, and sodium selenate. 

Although there was a slight price recov- 
ery during the year, with a high range of 
$4.20 to $4.50 per pound in October, the 
average annual price for selenium was only 
slightly above the 1982 value, which was the 
lowest in 30 years. 


FOREIGN TRADE 


Increased domestic production and ship- 
ments of selenium more than satisfied the 
increase in U.S. demand with the result 
that imports of selenium declined from the 
high level of 1982. Although Canada con- 
tinued to be the largest supplier of imported 
selenium metal, imports from that country 
dropped by about 30% for the second con- 
secutive year. Chile, which supplied 21,000 
kilograms to the United States in 1982 but 
none in 1983, accounted for most of the 
remaining decline in imported selenium. 
Approximately 75,000 kilograms of im- 
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ported selenium, primarily from the United 
Kingdom, was refined from scrap that had 
been exported from the United States for 
processing. 


Table 15.—U.S. exports of selenium metal, 
waste and scrap in 1983, by country 


Quantity 
Country a ids Value 
selenium) 
Australia... _ 2,211 $19,941 
Belgium __________ 1,611 24,049 
TR 1,448 23,146 
Colombia -_______-_-_ 250 2,163 
Germany, Federal 
Republic of `. 1,996 17,600 
India ` _ 41 655 
Ireland ___________ 8,375 24,955 
Jamaica __________ 1 1,488 
Japan____________ 10,048 15,281 
Mexico . 9,979 97,010 
Netherlands __ _ _____ 8,052 ,368 
Philippines. - - ------ 292 6,458 
Portugal __________ 635 4,810 
Switzerland -------- 1,996 15,400 
United Kingdom ..... 46, 334 393, 801 
Total mucosas 93,368 771,131 


Table 16.—U.S. imports for consumption of selenium in 1983, by class and country 


Class and country 


Unwrought and waste and scrap: 


Belgium-Luxembourg ` 
TT TEEN 


Selenium dioxide: 


Germany, Federal Republic of -______-_-___------ 
Sweden EE 


A A LI dE 
Korea, Republic of - - ---------------------- 
United SE EE 


Germany, Federal Republic of -__--_----------.. 
Sweden. 2 cores a 


Quantity 
(kilograms of 

contained Value 

selenium) 
T NOE PR PRAET TETUR 94,643 $930,511 
aria ORDER MESES 84,602 1,679,022 
SEC MR fan con Da as UM EUER 20,901 3,953 
EEN 54,651 1,340,519 
EE 8,941 66, 
EE 853 ; 
GE 1,100 8,036 
Ges 65,373 997,809 
HC ee VR 211,064 5,428,259 
ANA E EEE TANT 4,437 69,285 
EE 142 10,514 
EE a aye LM 4,579 79,799 
Ee 603 5,596 
Ee 5,168 8,524 
Peto eR 150 8, 
c TT AAA 5,921 22,670 
AA A 841 36,794 
A AA OO 10,090 257,357 
A EU 230 4,128 
a ad 3,801 11,975 
de E 14,962 376,254 
EEN 1,735 
EE 478 18,208 
EE 503 19,943 
eet 297,029 5,921,925 
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Table 17.—U.S. import duties for selenium 


TSUS 
Item No. 
Selenium metal_________________ 632.40 
Selenium dioxide and salts __________ 420.50, 
420.52 
Sodium selenite and other selenium 
compounds __________________ 421.625, 
420.54 


WORLD REVIEW 


Estimated world production of selenium 
increased over the depressed 1982 level, yet 
fell below the estimated world demand of 
over 1,400 tons. Consequently, producer 
stocks of selenium declined. 

Canada.—Production of refined selenium 
at Noranda Mines Ltd.’s Canadian Copper 
Refiners Div. (CCR) increased above 1982 
levels, when production and shipments 
were curtailed owing to a 17-week strike. 
CCR operated Canada’s largest selenium 
recovery plant at its Montreal East refin- 
ery, which processed imported selenium 
scrap, as well as copper anode slimes. Inco 
Ltd. was Canada’s second largest producer 
of selenium at its Copper Cliff refinery in 
Ontario. 

Although Canada was a major world pro- 


Most favored nation (MFN) Non-MFN 
Jan. 1, 1983 Jan. 1, 1984 Jan. 1, 1987 Jan. 1, 1984 
Free____ Free____ Free Free. 
____do_ _ ___do . ----do__ Do. 
4.4% ad 4.2% ad 3.7% ad 25% ad 
valorem. valorem. valorem. valorem. 


ducer of selenium, it consumed less than 
5% of its production, primarily in the glass 
industry. Most of its selenium production 
was exported, the United States being the 
largest recipient. At least some of the mate- 
rial exported to the United States was 
refined from U.S. scrap that had been 
exported to Canada for processing. 

Japan.—Japan was the world’s largest 
producer of refined selenium, derived pri- 
marily from imported copper concentrates. 
Mitsubishi Metal was the largest selenium 
producer in Japan, with an estimated ca- 
pacity of 200 tons per year at its Osaka 
precious metals plant, which treats copper 
anode slimes. At least three other Japanese 
companies, Sumitomo Metal Mining Co. 
Ltd., Nippon Mining, and Mitsui Mining 
and Smelting Co. Ltd., produced primary 
selenium. 


Table 18.—Selenium: World refinery production, by country: 
(Kilograms of contained selenium) 


Country” 1979 1980 1981 1982P 1983* 

Belgium" cnc A ep in ae 60,000 60,000 60,000 60,000 60,000 
SAA 511,702 377,203 350,010 222,000 295,000 
Cleo in ds ecos 38,950 17,100 33,665 23,011 ,000 
Finland. oca ata a Eau ees 17,541 17,250 9,122 10,020 10,000 
"ji WO 510,105 411,311 428,081 410,490 1433,122 
E EE 5,000 46,000 12,000 29,000 30,000 
¡A EE A 18,320 22,908 22,478 20,851 21,500 
Sweden -----------------------—-—— 57,000 51,000 44,000 — 744,000 44,000 
United States__________________-___- 266,312 140,880 251,949 242,996 353,860 
a eene eyes ae ee 46,257 45,140 35,600 35,000 34,000 
Zambia A ca eU e a 19,980 22,104 23,929 22,453 22,051 

OCG M ERR 1,621,167 1,271,496 1,270,834 1,119,821 1,326,533 

“Estimated. Preliminary. "Revised. 


1Insofar as possible, data relate to refinery output only; thus, countries that produced selenium contained in copper 
ores, copper concentrates, blister copper, and/or refinery residues, but did not recover refined selenium from these 


materials indigenously, were exclud 


to avoid double counting. Table includes data available through May 30, 1984. 


2In addition to the countries listed, Australia, the Federal Republic of Germany, and the U.S.S.R. produced refined 
selenium, but output was not reported, and available information was inadequate for formulation of reliable estimates of 
output levels. Australia was known to produce selenium in intermediate metallurgical products and has facilities to 
produce elemental selenium. In addition to Dang adlina for processing imported anode slimes for the recovery of 


selenium and precious metals, the United Kingdom 


as facilities for processing selenium scrap. 


. SRefinery output from all sources, including imported materials and secondary sources. 


*Reported figure. 


51979 data for fiscal year ending June 31, 1979; 1980 data for 9-month period ending Mar. 31, 1980; 1981-83 data for 
fiscal year ending Mar. 31. In addition to refined selenium produced, Zambia exported significant quantities of selenium 


contained in anode slimes. 
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TECHNOLOGY 


The use of selenium in the microalloying 
of low-carbon proprietary low-alloy con- 
struction steels was reviewed in a recent 
paper. Relatively small additions (up to 
0.35%) of selenium and/or tellurium are 
added to the steel to improve transverse 
ductility, toughness, cutability, and machin- 
ability. Recently, an addition method appli- 
cable to injection casters was devised that 
involves wrapping a powdered core materi- 
al, such as selenium, and dispensing it from 
a reel in measured quantities.” 

Researchers at the University of Wash- 
ington investigated the use of selenium 
contained in slow-release pellets planted 
with Douglas Fir seedlings to inhibit deer 
from browsing on the seedlings. The seleni- 
um is absorbed by the roots and eliminated 
by the tree as dimethyl selenide gas, which 
has a garlic-like odor and serves to repell 
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the deer. Browsing on the seedlings causes 
the trees to become deformed and results in 
millions of dollars in damage every year.?e 

Similarly, researchers at the University 
of California, Davis, experimented with the 
administration of selenium pellets to cattle 
in northern California to combat selenium- 
deficient feed and forage. The pellets are 
retained in the fore stomach where they 
slowly release selenium for periods esti- 
mated as long as 3 years. The pellets, 
manufactured in Australia, were already 
being used in the livestock industry there 
and in the United Kingdom.’ 

The National Cancer Institute in Be- 
thesda, MD, investigated dietary cancer 
preventative agents. Selenium has been 
identified as a potential modifier of the 
process of carcinogenesis. Two papers pre- 
sented reviews of studies concerning the 
toxicity of dietary selenium and its role asa 
cancer prevention agent 28 


. TELLURIUM?? 


Production of tellurium declined in 1983, 
following the continued decline in domestic 
copper refinery production, of which it is a 
byproduct. Though consumption increased 
over the 1982 record low, a large oversupply 
of tellurium continued to depress prices. 


Domestic Data Coverage.—Domestic tel- 
lurium refinery production data were ob- 
tained from the only domestic producer on a 
voluntary survey form. To prevent disclo- 
sure of proprietary data, tellurium produc- 
tion data have been withheld. 


Table 19.—Salient U.S. tellurium statistics! 
(Kilograms of contained tellurium unless otherwise specified) 


Refinery production 
Shipments to consumers 
Imports for consumption 
Apparent consumption 
Stocks, yearend, producer 
Producers' price, yearend, commercial-grade 


W Withheld to avoid disclosing company proprietary data. 


1980 


1979 1981 1982 1983 
i W W W W W 
W W W W W 
- 76,095 29,420 37,953 16,602 11,829 
: 224,080 80,685 85,202 45,978 56,639 
| W W W W W 
: 2820.00 enn — $1400 $1000 $9.00 


! World refinery production for selected countries is given in table 22. 
? Annual average price per pound. The published list price of tellurium was suspended Jan. 5, 1981. Prices beyond 1980 


are yearend prices quoted by one producer. 


DOMESTIC PRODUCTION 


Commercial-grade tellurium metal was 
recovered from copper anode slimes, a by- 
product of electrolytic copper refining, by 
Asarco, at Amarillo, TX. AMAX discontin- 
ued production of tellurium at its Car- 
teret, NJ, copper refinery during 1982. How- 
ever, AMAX remained a major consumer of 
tellurium for use in tellurium copper alloys. 


CONSUMPTION AND USES 


Apparent consumption of tellurium in- 
creased slightly above the 1982 record low 


level yet remained well below the levels of 
prior years. The increase was due to in- 
creased consumption of tellurium by the 
steel industry, in response to increased steel 
consumption in the domestic automobile 
and construction industries. Tellurium con- 
sumption by end use was estimated as iron 
and steel products, 6596; nonferrous metals, 
17%; chemicals, including rubber manu- 
facturing, 896; other, including xerographic 
and electronic applications, 10%. 
Tellurium's principal use was as an 
alloying metal in the production of free- 
machining steel. The addition of up to 0.1% 


OTHER METALS 


- tellurium improves the machinability of 
steel. Similarly, the addition of tellurium 
improves the machining characteristics and 
corrosion resistance of copper alloys. Tel- 
lurium catalysts have found application in 
various oxidation, hydrogenation, and halo- 
genation reactions. However, the use of 
tellurium catalysts was greatly reduced 
with the closure of Oxirane Corp.’s ethylene 
glycol plant in 1979. Photoconductive 
mercury-cadmium-telluride (MCT) was the 
most widely used infrared sensing material 
for thermal imaging devices used in mili- 
tary applications, such as night vision and 
navigation systems. U.S. military applica- 
tions account for most of the detector-grade, 
99.99999%, tellurium consumed in the mar- 
ket economy countries. 


PRICES 


As the oversupply of tellurium continued, 
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quoted prices for commercial-grade tellu- 
rium continued the decline begun in 1980, 
following the sharp decline in consumption. 
The producer price for commercial-grade 
tellurium, quoted on a daily basis, began 
the year at $9.50 per pound and dropped to 
$9.00 per pound in July. Commercial grades 
of tellurium metal, containing a minimum 
of 99% or 99.5% tellurium, are marketed as 
minus 200-mesh powder, 1-pound ingots, or 
5-pound slabs. Tellurium dioxide is sold in 
the form of minus 40-mesh to minus 200- 
mesh powder containing a minimum of 75% 
tellurium. 


FOREIGN TRADE 


Despite an increase in consumption, the 
continued oversupply of domestic material 
resulted in the decline of tellurium imports 
to the lowest level since 1966. Data on 
tellurium exports were not available. 


Table 20.—U.S. imports for consumption of tellurium in 1983, by class and country 


Quantity 
Class and country penas iran Value 
tellurium) 
Unwrought and waste and scrap: 

A dd 992 $17,870 
e EE EE i ec cd yee S EH 9,461 540,080 
Germany, Federal Republic of ____._______________~_~__~-_______-- 343 
Japan EE 95 5,574 
USSR eee el SN ee A A ea ae 9 10,500 
United Kingdom -----—--------------———————-———————————————— 1,001 27,419 

d VE 11,560 601,786 
Compounds 
Canada EE 215 5,533 
Germany, Federal Republic of `. 4 1,378 
EE (2) 887 
United Kingdom mientos e ele at ds sra aa ls a ee EE See 50 12,064 
TOTAL EE 269 19,862 
Grand total neue a Ts ag a e A ee 11,829 621,648 
1Less than 1/2 unit. 
Table 21.—U.S. import duties for tellurium 
Item TSUS Most favored nation (MFN) Non-MFN 
No. Jan. 1, 1983 Jan. 1, 1984 Jan. 1, 1987 Jan. 1, 1984 
Tellurium metal ______ 632.48 2.0% ad 1.5% ad Free _____ 25% ad 
valorem. valorem. valorem. 
Compounds________.__ 421.90 4.4% ad 4.2% ad 3.7% ad Do. 
valorem. valorem. valorem. 
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WORLD REVIEW 


Belgium.—Métallurgie — Hoboken-Over- 
pelt began production from its new facilities 
for recovering tellurium from lead refinery 
wastes. The plant has an estimated capacity 
of 75 tons per year of tellurium. 

Canada.—Noranda Mines was Canada’s 
principal producer of tellurium at its CCR 
Div., which refines anode copper from three 
Canadian smelters. Tellurium was recover- 
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ed from the anode slimes, which contain 
about 2% tellurium. Production of tellu- 
rium increased markedly above 1982 levels, 
when a 17-week strike curtailed production. 

Cominco is the leading world producer of 
high-purity tellurium at its plant in Trail, 
British Columbia. To meet the growing 
demand for detector-grade tellurium for 
infrared sensors, Cominco has reportedly 
greatly increased its tellurium refining ca- 
pacity over the past 2 years. 


Table 22.—Tellurium: World refinery production, by country’ 
(Kilograms of contained tellurium) 


Country? | 1979 1980 1981 1982” 1983* 
Canüdg xum cues uo Me a i T. 47,204 8,974 21,297 18,000 24,000 
EE e22700 11,350 e 2: Ge 
Indi unc de cec LU Re LM eU Et SON 200 220 *220 200 
JaPañoze es e LL e E 55,500 68,700 61,700 62,800 65,000 
OPW os re ne c Oe ae lt 21,233 20,920 21,310 20,726 21,700 
United States. ____________-----_---- W W W W 
*Estimated. Preliminary. W Withheld to avoid disclosing company proprietary data. 


!Insofar as possible, data relate to refine 


output only; thus, countries that produced tellurium contained in copper 


ores, copper concentrates, blister copper, and/or refinery residues, but did not recover refined tellurium, are excluded to 
avoid double counting. Table is not totaled because of the exclusion of data from major world producers, notably the 
U.S.S.R. and the United States. Table includes data available through May 30, 1984. 

2In addition to the countries listed, Australia, Belgium, the Federal Republic of Germany, and the U.S.S.R. are known 


to produce refined tellurium, but output was not reported, and available information was inad 
oreover, the other major copper-refining nations such as 


reliable estimates of output levels. 


uate for formulation of 
ile, Zaire, and Zambia 


may produce refined tellurium, but output in these nations was conjectural. 
3Refinery output from all sources, including imports and secondary sources. 


*Pilot plant production. 


TECHNOLOGY 


Researchers at the University of Dela- 
ware investigated the use of tellurium in 
hydrodenitrogenation catalysts to be used 
in the processing of heavy petroleum crudes 
and derived crudes such as shale ol and tar 
sand crude. Their research, which was spe- 
cifically devoted to the removal of nitrogen 
from shale oil, reportedly showed that tellu- 
rium can produce a 10% improvement in 
performance when added as a promoter to 
the usual cobalt-molybdenum oxide cata- 


lyst,30 | 

A report to the National Materials Advi- 
sory Board assessed MCT materials technol- 
ogy. MCT semiconductors are one of the 
most important semiconductors for Depart- 
ment of Defense and National Aeronautics 
and Space Administration applications. It is 
the principal material used for infrared 
detection systems. Department of Defense 
research was placing emphasis on develop- 
ing the technology to produce larger arrays 
containing greater numbers of detectors in 
the field of view.?! 


THALLIUM?? 


Historically, the commercial domestic 
source for the production of thallium was 
flue dusts and residues from the smelting of 
certain zinc ores. During 1983, however, no 
domestic operations recovered thallium. 

Domestic Data Coverage.—Domestic pro- 
duction data for thallium are developed by 
the Bureau of Mines from a voluntary 
survey of U.S. operations, but no domestic 
producers were in operation. 


CONSUMPTION AND USES 


The uses of thallium included gamma 
radiation detection equipment, additives for 
changing the refractive index and density of 
glass, low temperature mercury switches, 
high-density liquids, alloys, photosensitive 
devices, and radioactive isotopes for cardio- 
vascular diagnostic procedures. Domestic 
requirements for thallium were met by 
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imports and withdrawals from stocks. 


PRICES 


Metal traders reported that the price of 
imported thallium metal ranged from $35 to 
$45 per pound depending on the purity of 
the metal. 


WORLD REVIEW 


World production data for thallium were 
not available. The U.S. reserves in zinc ores 
were estimated at 70,000 pounds. Rest-of- 
world reserves were estimated to be 750,000 
pounds of thallium. 


1Prepared by Daniel Edelstein, physical scientist. 

2Federal Register. National Emission Standards for 
Hazardous Air Pollutants, Proposed Standards for Inor- 
anic Arsenic. V. 48, No. 140, July 20, 1983, pp. 33112- 


3180 
3 — ——., Special P 


am of Payment in Kind for Acre- 
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Sorghum, Upland Cotton and Rice, Interim Rule. V. 48, 
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———. Spec 
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Sorghum, Upland Cotton and Rice, Final Rule. V. 48, No. 
44, Mar. 4, 1983, pp. 9233-9235. 
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Helzlsouer, K. J. Selenium and Cancer Prevention. 
Seminars in Oncology, v. 10, No. 3, Sept. 1983, pp. 305-310. 
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Table 23.—U.S. imports for consumption of thallium in.1983, by country 


Unwrought and waste 
Compounds and scrap 
Country Gross Gross 
weight onm Value weight Value 
(pounds) poun (pounds) 

GE A Em 631 505 $10,876 1,949 os 
Germany, Federal Republic of. ____________ 235 188 18,062 11 667 
JAPAN == ee ee 661 529 9,484 GE St 
Sweden ___________ Mc PRESS TOR AN x 2 132 
USSR uL ui i A ete 2 1 132,766 2 247,941 
United Kingdom _______~_________---_ _ 24 19 842 zu: um 

TOMA o ccm m EE 1,553 1,242 172,030 1,557 276,142 

“Estimated 
Table 24.—U.S. import duties for thallium 
Most favored nation (MFN) Non-MFN 
Item Nos Jan. 1, 1983- 
O. » dy 
Jan. 1, 1983 Jan. 1, 1984 Jan. 1, 1984 

Unwrought metal___________.- 632.50 2.5% ad valorem .. 1.9% ad valorem _ 25% ad valorem. 
Compounds _______________-— 422.00 4.4% ad valorem . 4.2% ad valorem _ Do. 
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ASPHALT (NATIVE)! 


Native asphalt was produced by five com- 
panies in two States, Texas and Utah. 
Bituminous limestone, used primarily as a 
paving material for street and road repair, 
was produced by White Uvalde Mines and 
by Azrock Industries Inc., Uvalde County, 
TX 


Gilsonite, a solidified hydrocarbon, found 
only in Utah and Colorado, was mined by 
American Gilsonite Co., a division of Chev- 
ron Resources Co. (a subsidiary of Standard 
Oil Co. of California), by Ziegler Chemical 
and Mineral Corp., and by Hydrocarbon 
Mining Co. (a subsidiary of Oberon Oil Inc., 


a Utah corporation) from properties in 
Uintah County, UT. 

Gilsonite is used for a variety of purposes 
including automobile bodysealer, light- 
weight aggregate for cement used in oil well 
drilling, asphaltic building board, protective 
coverings, anticorrosive paints, roofing com- 
pounds, etc.? 

Data on quantity and value of bituminous 
limestone produced are not available to the 
Bureau of Mines. Data on gilsonite produc- 
tion and value available to the Bureau of 
Mines are withheld to avoid disclosing com- 
pany proprietary data. 


GREENSAND* 


Greensand (glauconite), a natural silicate 
of potassium, aluminum, iron, and magne- 
sium, continued to be produced only by 
Inversand Co., a subsidiary of Hungerford 
and Terry Inc., near Clayton, NJ. Produc- 
tion and sales information is withheld to 
avoid disclosing company proprietary data. 
Processed greensand continued to be sold as 


a filter media for the removal of manganese 
and iron from drinking water supply sys- ` 
tems. A secondary product of classified, raw 
greensand was resold by Zook and Ranck 
Inc. as a soil conditioner and source of 
slowly released potash to organic farmers in 
North America. 
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MEERSCHAUM‘ 


. Imports for consumption of crude or block 
meerschaum, all from the United Kingdom, 
totaled 1,548 pounds, with a customs de- 
clared value of $19,290. The high unit value 
of this imported material, $12.51 per pound, 
indicates that the material probably con- 
sisted of shaped or formed meerschaum 
blocks. In 1982, crude or block meerschaum 
imports were from Somalia and the United 
Kingdom. The Federal Republic of Ger- 
many was the major supplier in previous 
years. l 


Crude or block meerschaum continued to 
be mined chiefly in Somalia, Tanzania, and 
Turkey. The block material was used by 
companies in New York and Ohio for manu- 
facturing smokers’ pipes. Turkish produc- 
tion was estimated to be 200 unit boxes, 44 
pounds each, of block meerschaum. Al- 
though Turkey has been a major producer 
of crude or block meerschaum, state laws 
have prohibited exports of uncarved materi- 
al since 1975. 


QUARTZ CRYSTALS 


Although reported annual production, ex- 
ports, and consumption of cultured quartz 
crystal declined moderately, industry repre- 
sentatives indicated that a turnaround oc- 
curred during the final quarter, with pro- 
duction nearing full capacity at yearend. 
Lascas mine production from Arkansas in- 


creased significantly owing to increasing : 


market shares in Japan and the United 
States, the two major market economy pro- 
ducers of cultured quartz crystal. Lascas 
imports from Brazil declined substantially 
during the year primarily as a result of 
competition from the U.S. source. Domestic 
consumption of natural quartz crystal con- 
tinued at relatively low levels because most 
of the quartz crystal consumed was cul- 


tured. 

Domestic Data Coverage.—Domestic pro- 
duction and consumption data for quartz 
crystal are developed by the Bureau of 
Mines from a voluntary survey of US. 
operations. Of the seven operations can- 
vassed for production of cultured quartz, 
100% responded, representing the total pro- 
duction shown in table 1. Of the 27 oper- 
ations that consumed quartz crystal, 25 
responded, representing approximately 
100% of total consumption, also shown in 
table 1. Consumption for the two nonre- 
spondents was estimated using reported 
prior year production levels adjusted by 
trends in employment and other guidelines. 


Table 1.—Salient U.S. electronic- and optical-grade quartz crystal statistics 
(Thousand pounds and thousand dollars) 


Consumption: 


Natural Vedi nu tad optical-grade) .. _ 


Cultured (lumbered 


*Estimated. "Revised. NA Not available. 


Cultured (as grown)... 


1979 1980 1981 1982 1983 
__ 314 400 115 200 600 
pu 515 757 660 478 426 
T" NA 91 127 69 28 
NE NA $366 $490 $380 $156 
ae NA 219 125 115 80 
TT NA $3209 $4600  $3,00 $3,258 
2 NA NA NA NA 339 - 
"T 428 816 389 417 153 
LT $216 $402 $233 $245 $121 
TN 15 17 14 16 13 
Ss NA 393 982 99 112 
ve 269 r372 r397 r383 312 
= NA T782 7623 7498 431 


1Includes primarily lascas with some specimen and jewelry material. 


2Bureau of the Census. 


“The Journal of Commerce Port Import/Export Reporting Service. 
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Legislation and Government  Pro- 
grams.—At yearend, the National Defense 
Stockpile total inventory was 2.1 million 
pounds, of which 1.47 million pounds of 
stockpile-grade quartz crystal was excess to 
the stockpile goal. Total sales of natural 
quartz crystal by the General Services Ad- 
ministration was 4,000 pounds. 

The Federal Emergency Management 
Agency awarded a contract to the National 
Materials Advisory Board (NMAB), which 
was part of the National Academy of Sci- 
ences. NMAB planned to reassess quartz 
requirements for the National Defense 
Stockpile. 


DOMESTIC PRODUCTION 


Various grades of lascas, the nutrient 
feedstock for growing cultured quartz, were 
produced in Jessieville, AR, by Coleman 
Crystal Inc., the major U.S. producer. Pro- 
duction estimates increased substantially 
owing to increased sales to crystal growers 
in Japan and the United States. Reasons for 
the market gain were reliability of supply, 
consistency of material quality, and a 
slightly lower price than that of Brazilian 
material. 

Geomex Mines Services Inc. purchased 
the old Coleman Mine, which previously 
had been mined for gem stones, and began 
selling various grades of lascas from the 
mine by yearend. 

Production of cultured quartz crystal de- 
clined by 11%. However, during the final 
quarter of the year, demand increased 
sharply and production approached full ca- 
pacity. 

Seven companies produced cultured 
quartz crystal in the United States. The 
two largest, Sawyer Research Products Inc., 
Eastlake, OH, and Thermo Dynamics Corp., 
Shawnee Mission, KS, were independent 
growers that produced crystal bars for do- 
mestic and foreign consumption by the 
crystal-device-fabrication industry. Motor- 
ola Inc., Chicago, IL, produced for both 
internal consumption and the domestic fab- 
rication industry. The other four growers, 
AT&T Technologies Inc., North Andover, 
MA; Bliley Electric Co., Erie, PA; Electro 
Dynamics Corp., Shawnee Mission, KS; and 
P. R. Hoffman Co., Carlisle, PA, produced 
only for internal consumption. 

In a major industry development, Sawyer 
Research, Eastlake, OH, a subsidiary of 
Brush Wellman Inc., Cleveland, OH, was 
sold to a domestic investor group for $6.5 
million. Brush Wellman received $3 million 
in cash and a $3.25 million note at the 
closing, and there were post-closing adjust- 
ments.* 
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CONSUMPTION AND USES 


U.S. consumption of lascas by the seven 
growers was 677,000 pounds, a 27% increase 
from the 533,000 pounds reported in 1982. 

Twenty-seven companies in eleven States 
consumed quartz crystal. Of these compa- 
nies, 18 consumed only cultured quartz 
crystal, 1 consumed only natural quartz 
crystal, and 8 consumed both natural and 
cultured material. 

Reported total domestic consumption of 
both natural and cultured electronic, 
and/or optical-grade quartz was approxi- 
mately 12% less than that of 1982. 

Cultured quartz continued to be widely 
used by the piezoelectric industry in filters, 
oscillators, and signal processors. The 
equipment markets for these devices were 
military, aerospace, and commercial, with 
the latter including industrial, automotive, 
and specialty consumer markets. Examples 
of equipment that used cultured quartz 
devices include weapons systems, radar, 
cellular telephones, paging equipment, ra- 
dios, watches, clocks, video games, comput- 
ers, and automobiles. 

Imported natural quartz was used as seed 
material for growing quartz crystal. It was 
also used in pressure transducers for highly 
sensitive quartz pressure gauges, which 
have become the petroleum industry's 
standard for accurate and precise pressure 
measurements in oil and gas wells. 


STOCKS 


Reported industry cultured and natu- 
ral electronic- and optical-grade stocks 
of quartz crystal totaled approximately 
116,000 pounds at the beginning of the 
year and declined to approximately 90,000 
pounds by yearend. The decline was attrib- 
uted to increased sales during the fourth 
quarter. The yearend total included 37,000 
pounds of natural and 53,000 pounds of . 
cultured crystal. 


PRICES 


The average reported value of lascas con- 
sumed for production of cultured quartz 
crystal was $0.62 per pound, 2 cents per 
pound below that of 1982. The average 
value for cultured quartz crystal, based on 
reported sales of 198,940 pounds, was $42.88 
per.pound, down about 3% from that of 
1982. Based on total sales, the average value 
of grown crystal decreased 27% to $21.84 
per pound, and that for lumbered crystal 
increased 7% to $49.12 per pound. 
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FOREIGN TRADE 


The two independent quartz crystal grow- 
ers continued to export significant quanti- 
ties of cultured material to foreign markets. 
Japan received 51%, the Republic of Korea 
received 21%, and the Federal Republic of 
Germany received 7% of the total exports 
reported by the Bureau of the Census. 


MINERALS YEARBOOK, 1983 


Most of the natural crystal exported was 
later consumed in nonpiezoelectric uses 
such as quartz carvings and figurines. 

Imports of Brazilian lascas, designated 
“Crude Brazilian Pebble," declined signifi- 
cantly as U.S. quartz growers relied more 
heavily on domestic sources. 

This was the first year that lascas export 
figures were obtained. 


STAUROLITE’ 


Staurolite is a naturally occurring, com- 
plex, hydrated aluminosilicate of iron hav- 
ing a variable but uncertain composi- 
tion. Its formula can be generalized as 
Fe2A1,Si,02(OH)2. The mineral most com- 
monly occurs as opaque reddish-brown to 
black crystals with specific gravity ranging 
from 3.74 to 3.83 and Mohs’ hardness be- 
tween 7 and 8. 

A limited rock-shop trade in cruciform 
twinned staurolite crystals (“fairy crosses’’) 
exists, notably from deposits in Georgia, 
North Carolina, and Virginia. Staurolite in 
the United States was produced commer- 
cially in 1983 by E. I. du Pont de Nemours & 
Co. Inc. and by Associated Minerals (U.S.A.) 
Ltd. Inc. 

Staurolite is a byproduct of heavy-min- 
eral concentrates recovered from a glacial- 
age beach sand in Clay County, north- 
central Florida. The staurolite is removed 
by means of electrical and magnetic separa- 
tion after the concentrates have been 
scrubbed and chemically washed with caus- 
tic, rinsed, and dried. The resulting fraction 
produced is comprised of about 77% clean, 
rounded, and uniformly sized grains of 
staurolite, with minor proportions of tour- 
maline, ilmenite and other titanium miner- 


als, kyanite, zircon, and quartz. A nominal 
composition of this staurolite sand is 45% 
Al.O; (minimum), 18% Fe;O, (maximum), 
3% ZrO: (maximum), 5% TiO; (maximum), 
and 5% SiOz. 

Although originally marketed only as an 
ingredient in some portland cement formu- 
lations, staurolite is now marketed as a 
specialty sand under the trade name Biasill 
for use as a molding material in iron and 
nonferrous foundries, owing to its low ther- 
mal expansion, high thermal conductivity, 
and high melting point. It is also used as an 
abrasive for impact finishing of metals and 
sandblasting of buildings under the trade 
names Starblast (80 mesh) and Biasill (90 
mesh), as well as a coarse grade (55 mesh). 

Quantitative production data are not re- 
leased for publication, but the 1983 produc- 
tion of staurolite increased 5% over that of 
1982; shipments decreased 2% in tonnage 
and 4% in price per short ton. Domestic 
productive capacity remained at about 
135,000 short tons per year. However, an 
improvement in the proportion recovered 
was considered to be possible. 

Staurolite had been produced in India in 
small quantities and sometimes by other 
nations as well. 


STRONTIUM? 


The U.S. strontium industry experienced 
a major restructuring during 1983. FMC 
Corp., for many years the leading domestic 
producer of strontium compounds, an- 
nounced plans to terminate production of 
these compounds by closing its strontium 
plant in 1984. | 

Japan and the United States remained 
the world's leading consumers of strontium 
compounds. Domestic consumption of pri- 
mary strontium on a carbonate equivalent 
basis (SrCOs) increased by 28%. Imports of 
celestite, the commercial mineral form of 
strontium, recovered from the 1982 re- 


cession level. 

For the second year, Spain surpassed 
Mexico as the largest world supplier of 
strontium minerals. 

Domestic Data Coverage.—Domestic con- 
sumption data for strontium minerals are 
developed by the Bureau of Mines from a 
voluntary survey of U.S. operations. Of the 
three operations to which a survey request 
was sent, all responded, representing 10096 
of total production. 

The Strontium survey is also used to cal- 
culate the distribution of primary stron- 
tium compounds by end use. Of the 14 oper- 
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ations to which a survey request was sent, 
93% responded, representing 98% of the 
end-use data shown in table 3. Consumption 
for the nonrespondent was estimated using 
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reported prior year consumption levels ad- 
justed by trends in employment and other 


guidelines. 


Table 2.— Major producers of strontium compounds in 1983 


Company Location Compounds 

Barium and Chemicals Inc ____________.__-_ Steubenville, OH____________ Various. 
Chemical Products Corp-__--___________._ Cartersville, GA --__________ Carbonate. 
FMC CORD ENEE Modesto, CA ______________ Carbonate and nitrate. 
Mallinckrodt Inc -------------------—- St. Louis, MO______________ Various. 
Milwhite Co. Inc _____________________ Houston, TX ______________ Sulfate. 
Mineral Pigments Corp. Beltsville, MD _____________ Chromate. 

DOMESTIC PRODUCTION nets, which have a high magnetic coercivity 


Strontium minerals had not been pro- 
duced commercially in the United States 
since 1959. However, a number of firms 
produced strontium compounds from im- 
ported celestite. 


CONSUMPTION AND USES 


Domestic consumption of strontium in 
the manufacture of various strontium com- 
. pounds increased 28% to 34,313 short tons 
of SrCO; equivalent from the revised 1982 
figure of 26,755 tons. The recovery was led 
by increased sales of strontium chemicals 
for color television picture tubes. 

The major domestic industry develop- 
ment of 1988 was the announcement by 
FMC of plans to close its plant at Modesto, 
CA, and terminate its barium and stron- 
tium chemicals business by mid-1984. The 
decision was apparently prompted by con- 
tinued losses resulting from increased for- 
eign competition and shrinking domestic 
markets. In related industry news, Chemi- 
cal Products Corp., Cartersville, GA, the 
other major strontium compounds produc- 
er, planned to expand its SrCO; production 
capacity in 1984 to meet any shortfall in 
supply precipitated by FMC's pullout.? 

Television picture tube manufacture con- 
tinued as the major end use for strontium 
compounds in the United States. Screen 
glass contained up to 7% strontium oxide, 
which limits X-ray emission during picture 
generation.!9 

Pyrotechnics and signals continued as the 
second largest end use. Pyrotechnics em- 
ployed strontium nitrate, which imparts a 
brilliant red color to a flame. Strontium 
nitrate was manufactured from SrCO;. 
Strontium pyrotechnics were used in mili- 
tary and civilian signal flares as well as in 
fireworks for entertainment. 

SrCO; was used in ferrite ceramic mag- 


and are used for automobile windshield 
wiper motors, heater motor fans, many 
home appliance motors, and loudspeakers. 

Strontium chromate was used as a corro- 
sion inhibitor in pigments. Although one of 
the major domestic producers discontinued 
manufacturing strontium pigments, other 
manufacturers made up for most of the lost 
production, and strontium consumption in 
this application declined only slightly dur- 
ing the year. 

Another significant use of SrCO; was in 
the electrolytic production of high-purity 
zinc, in which it may be added to the elec- 
trolyte to promote the elimination of lead 
from the zinc cathode. 

Small quantities of strontium were used 
in drilling muds, fluorescent lights, tooth- 
paste, plastics, electronic components, phar- 
maceuticals, and welding fluxes. Small 
quantities of strontium metal were pro- 
duced by research companies. 


Table 3.—U.S. distribution of primary 
strontium compounds, by end use 


(Percent) 

End use 1981 1982 1983 

Electrolytic production of zinc_ _ 4 3 4 
Ferrite ceramic magnets _ _ _ _ _ 5 7 5 
Pigments and fillers________ 4 4 3 
Pyrotechnics and signals _ _ _ _ _ 15 15 14 
Television picture tubes _____ 65 62 64 
Unidentified ____________ 7 9 10 
Total <a et 100 100 100 


PRICES 


The average value of imported strontium 
minerals at U.S. ports was $74.42 per ton, or 
$12.23 more than that of 1982. Prices for 
strontium minerals are usually determined 
by direct negotiations between buyer and 
seller and are seldom published. 
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FOREIGN TRADE 


Imports for consumption of strontium 
minerals increased to slightly higher than 
those of 1981. Mexico, with 94% of the 
import market, and Spain provided all of 
the 1983 imports. 

For the second consecutive year, imports 
for consumption of strontium compounds 
and metal declined significantly; the lead- 
ing U.S. suppliers were, in descending or- 
der, the Federal Republic of Germany, Ita- 
ly, France, and Canada. 
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Table 4.—U.S. imports for consumption of 
strontium minerals, by country ` 


1982 1983 
Country ` pres Value pre Value 
(short (thou- (short (thou- 
: tons) sands) tons) sands) 
Canada______ 74 $7 Es ut 
Mexico ______ 32,992 2,042 47,007 $38,080 
Spain _______ 9 8 2,789 626 
Total _____ 33,075 2,057 49,796 3,706 


Source: Bureau of the Census. 


Table 5.—U.S. imports for consumption of strontium compounds and metal, by country 


Country 


Strontium carbonate, not precipitated: 
German , Federal Republic of- ------------—- 
United ingdom EN A AI 


Strontium carbonate, E ipitated: 
Germany, Federal Republic of... 
Netherlands ` 22222222222 L2L 
United Kingdom - - - _____--------~-- EN 


¡Y oo AA 
Germany, Federal Republic of- - ------------- 
Aena ee 


Strontium nitrate: 
E Federal Republic of. ----------- 


ance 
Germany. Federal Republic of 
Japan EE 
Spain See, 


_Total AS A ee 


1Imported as strontium chromate pigment (TSUS 473.19). 


Source: Bureau of the Census. 


WORLD REVIEW 


Deposits of strontium minerals are found 
in many parts of the world, but approxi- 
mately 89% of estimated world production 
was from, in descending order, Spain, Mexi- 
co, the United Kingdom, and Turkey. Spain 
was the largest producer of strontium min- 
erals for the second consecutive year. 

In Japan, television picture tubes, the 


1982 1983 
Pounds Value Pounds Value 

CIE = 39,683 $11,047 

34 $1,745 38 j 
34 1,745 39,721 14,811 
2,864,676 797,280 938,007 290,620 
3, 3,010 T A 
1,864 5,143 8,007 
2,867,808 802,154 943,150 298,627 
462,815 634,893 53,010 59,131 
21,006 21,114 235,284 240,994 
14,318 10,427 3,337 5,588 
Ka 21,199 yes Ss 
e "T ,660 31,034 
228 2,073 10,155 10,788 
539,641 696,306 330,446 347,535 
1,228 5,774 be i S 
363,200 136,160 815,414 351,230 
41,887 14,007 45,194 15,622 
13 874 E MN 
406,328 156,815 860,608 366,852 
4,000 5,040 VS de 
8, 973 . 16,523 18,963 21,132 
44, 092 32. 693 24,246 13,698 
ae EON 366 4,453 
BE Se 39,683 14,028 
771 1,273 16,983 21 411 
57,836 55,529 100,241 74,722 
14,633 137,070 1,991 22,790 
3,886,280 1,849,619 2,216,151 1,125,337 


largest Japanese market for SrCO, fell by 
16% to 25,000 tons of SrCO; in 1982. De- 
mand in the ferrite magnet sector fared just 
as poorly. Total consumption of SrCO, fell 
22% in 1982 to 6,000 tons. There was a 
substantial shift by stereo equipment manu- 
facturers to substitute barium carbonate 
magnets for the higher priced strontium 
carbonate types.!! 
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Table 6.—Strontium minerals: World production, by country! 


(Short tons) 
Country? 1979 1980 1981 1982? 1983* 
Algeria ooo ooo 33,200 73,300 73,300 73,300 3,300 
Argentina. --—----------------—----—-——- 1 295 342 855 880 
E Va d. c cn E E EE 79,700 76.100 T5,500 "5,000 5,500 
al e hop Ue m IU ri. 1,866 1,161 7,382 3,607 3,300 
MexitO. o ee cedri O IN 43,562 44,931 45,574 34,917 3,000 
Pakistan- AAA O 747 276 325 300 330 
JAS AS 19,842 20,944 39,683 38,500 38,600 
tht ad f ORO rr LP ME PESE 19,800 17,600 16,500 16,500 16,500 
United Kingdom- 2222222222222 6,724 7,386 16,000 19,800 19,800 
Total... ctt a a 7105,575 7101,993 184,606 122,779 121,210 
“Estimated. Preliminary. 


"Revised. 
1Table includes data available through May 30, 1984. 


?In addition to the countries listed, China, the Federal Republic of Germany, Poland, and the U.S.S.R. produce 
strontium minerals, but output is not reported quantitatively and available information is inadequate for formulation of 


reliable estimates of output levels. 
Reported figure 
*Year beginning Mar. 21 of that stated. 


WOLLASTONITE?? 


Wollastonite is a natural calcium meta- 
silicate, usually white or light colored, and 
has a theoretical composition of CaO*SiO;, 
equivalent to 48.3% lime combined with 
51.7% silica. Over the years, wollastonite 
has become a useful filler in ceramics, 
plastics, paints, resins, and other materials. 

Domestic production data for wollastonite 
are developed by the Bureau of Mines by 
means of a voluntary domestic survey. All 
three active mines responded, representing 
100% of total production. 

The tonnage of wollastonite sold or used 
in the United States in 1983 decreased 3%. 
Specific data are withheld to avoid disclos- 
ing company proprietary data. The three 
producers were NYCO, a division of Proc- 
essed Minerals Inc., Essex County, NY; R. T. 
Vanderbilt Co. Inc., Lewis County, NY; and 
Pfizer Inc., Riverside County, CA. 

A study by C. H. Kline & Co. indicated 
that wollastonite use as a plastics filler was 
projected to increase about 14% annually 
from 8 million to 23 million pounds between 
1980 and 1988. Wollastonite is one of several 
surface-treated functional minerals offered 
by NYCO for use as a filler in plastics and 


resins.!? 

The Finnish company Oy Partek AB en- 
tered into a joint agreement with the state- 
owned Sudanese Mining Corp. to exploit a 
500,000-short-ton wollastonite deposit at 
Dirbat, in the Sudan, 90 miles northwest of 
Port Sudan. Detailed investigations fi- 
nanced by Finland were being carried out in 
cooperation with the Geological and Miner- 
al Resources Department of the Sudan. The 
deposit was estimated to contain ore with 
an average wollastonite content of 71%, and 
the ore was to be used in both local and 
export markets." 

In India, wollastonite production had 
grown substantially from 4,380 tons in 1979 
to 6,380 tons in 1980 and 17,560 tons in 1981. 
Wolkem Pvt. Ltd., the main producer, pro- 
duced a variety of grades for domestic uses 
(ceramics, insecticides, etc.) and for export, 
mainly to Europe." 

Chemical Marketing Reporter and the 
American Paint & Coatings Journal, at 
yearend 1983, quoted the price of paint- 
grade wollastonite, 400-mesh, bagged, in 
carload lots, f.o.b. works, as $134 per ton, 
and 325-mesh material as $117 per ton. 


ZEOLITES!s 


Production of natural zeolites in the Unit- 
ed States in 1983 remained at about 5,000 
short tons. Market development activities 
remained high, but sales were mostly spo- 
radic and to diverse markets. The largest 
single sale was made by Phelps Dodge 
Zeolite Co., formerly Occidental Petroleum 


Co., from its Barstow, CA, mine, to British 
Nuclear Industries Inc. The Anaconda Com- 
pany laid off its zeolite sales and research 
staff during the first part of the year. 
Teague Mineral Products Co. developed 
the capacity to grind 25 tons per day of a 10- 
micrometer product suitable for use as a 
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filler for plywood glue, as a paint filler, and 
possibly as a replacement for synthetic zeo- 
lites in detergent." The use as a filler in 
plywood glue was being patented and was 
expected to reduce delamination, the larg- 
est cause of product rejection and which 
occurs when water vapor or ammonia is 
released from the glue. 

An animal nutrition periodical reported 
that swine fed clinoptilolite as 10% of their 
diet experienced, from age 29 days to 60 
days, a 34% increase in the weight-gain-to- 
feed ratio and deposited 24% less body fat.* 

According to a Soviet technical journal, 
crushed clinoptilolite rock, when replacing 
the quartz in rapid quartz filters, was more 
effective than quartz in removing iron, 


aluminum, phytoplankton, bacteria, and’ 
industrial waste. 


other pollutants from 
waters.’ 

Leonard Minerals Co. incorporated its 
zeolite operations to form the Zeotech Corp., 
which offered a variety of granules and 
powders for agricultural and chemical car- 
rier uses. Their Turflite product, for exam- 
ple, could improve the water retention ca- 
pacity of sand from 18% to 25% when pres- 
ent as 20% of the mixture. 

The possibility of a health hazard related 
to zeolite continued to receive attention. An 
industry magazine reported that both asbes- 
tos and erionite were found in the lungs of 
mesothelioma victims in Turkey and that 
both were elongate minerals.” A National 
Institute of Occupational Safety and Health 
official was quoted as saying that the small 
numbers of workers and their relatively 
short-term exposure to natural zeolites did 
not provide a meaningful basis for an in- 
depth investigation. 

A complete description of the Neapolitan 
yellow tuff in Italy was given in an industri- 
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al minerals periodical.? This deposit was 
used for dimension stone from at least 
Roman and Grecian days as well as for 
pozzolan in pozzolanic cements. It is unique- 
ly monozeolitic and is over 50% phillipsite. 
The bed has good hardness and high-packed 
density. The 2.37 milli-equivalent-per-gram 
exchange capacity of a 30- to 50-mesh sam- 
ple was notable. 

Science magazine announced that re- 
search on zeolite characterization will be 
among the activities of a new advanced 
materials Center 29 The research will be 
headed by Heinz Heinemann, at the new 
National Center for Advanced Materials to 
be located at the Lawrence Berkeley Labo- 
ratory in California. 

A technical magazine article predicted 
that the 1980 market of 162,500 tons of 
zeolite would increase 52% to 247,500 tons 
by 1985, and the 1980 market of 123,000 tons 
of zeolite used in detergents would increase 
62% to 200,475 tons for the same period.?° 
That prediction, however, must be viewed 
in light of a chemical magazine article 
published 1 month later that reported that 
the Proctor & Gamble Corp. had removed 
zeolites as an ingredient of its most popular 
brands of detergents, Cheer and Tide.* 
Previously, zeolite made up 16% to 18% of 
the formulation for these detergents. 

According to a report on the current 
status of the synthetic zeolite industry in 
Western Europe, several nations have 
imposed restrictions on the use of phos- 
phates in detergente zs However, based on 
selected European countries’ capacity to 
produce detergent zeolite, a large detergent 
market is anticipated. Zeolites for adsorp- 
tion uses were estimated to have a total 
market of only 12,000 to 15,000 tons per 
year in Western Europe. 


Table 7.—Detergent zeolite capacity in selected European countries, by company 


Country and company 


France: 


Pechiney Ugine Kuhlmann-Rhóne-PoulencS.A_______ 


Germany, Federal Republic of: 


ssa 
Mira Lanza. --—--------------—------—-—--—--———- 
peer SPA EE 


NA Not available. 


Annual 
capacity Status 
(short tons) 

A RES 8,000 NA. 
RNC A a 65,000 On-stream 
EE 65,000 Do. 
EE 30,000 Planned 
EE NA Do. 
EE 3,000 NA. 
A re OPP Ee 25,000 Planned. 
E cedet Ere 5,000 On-stream. 
ESP EA NA . 


OTHER NONMETALS 


Western Europe’s use of zeolite fluid-bed 
cracking catalysts has increased greatly but 
demand lags behind production capacity. 
Total capacity of the four manufacturing 
plants, one each in the Federal Republic of 
Germany and the United Kingdom and two 
in the Netherlands, is 110,000 tons per year. 
Even with an expected market of 40,000 to 
50,000 tons per year in 1985 and shipment 
of 20,000 tons yearly to the Middle East and 
South America, there is excessive capacity. 

There was reported use of 800 kilograms 
of zeolite in a tank used as a prototype heat 
storage unit in a single-family dwelling. 
Storage capacity was sufficient to keep a 
well-insulated house warm for a week. 
Analysis of gathered data indicates the 
capability of a 30% increase in capacity as 
the unit acts as a heat pump. Regeneration 
can be accomplished using offpeak power. 


1Prepared by Wilton Johnson, mineral specialist. 

2Jackson, D. (ed.) American Gilsonite: Mining Solid 
Hydrocarbon. Eng. and Min. J., v. 180, No. 7, July 1981, 
pp. 88-91. 

3Prepared by James P. Searls, physical scientist. 

*Prepared by Sarkis G. Ampian, physical scientist. 

5Prepared by John E. Ferrell, physical scientist. 

The Wall Street Journal. Brush Wellman Finishes Sale 
of Quartz Line for $6.5 Million. Nov. 8, 1983, p. 28 
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7Prepared by Harold A. Taylor, Jr., physical scientist. 
¿prepared by John E. Ferrell, physical scientist. 
*Chemical Week. FMC Drops Two Product Lines. V. 133, 
No. 4, July 27, 1983, p. 17. 
1°Roskill Information Services Ltd. (London). The Eco- 
nomics of Strontium. 3d ed., 1982, 62 pp. 
1———. Roskill’s Letter From Japan. RW No. 89, Sept. 
men p. 16. 
12Prepared by Michael J. Potter, physical scientist. 
13Chemical Marketing Reporter. Plastic Fillers Seen 
Gaining. V. 223, No. 25, June 20, 1983, pp. 3, 25-26. 
Industrial Minerals (London). Company News & Min- 
eral Notes. No. 191, Aug. 1983, p. 98. 
15Clarke, G. M. The Industrial Minerals of India. Ind. 
Miner. (London), No. 191, Aug. 1983, p. 45. 
16Prepared by Robert A. Clifton, physical scientist. 
17Industrial Minerals (London). Teague Begins Microniz- 
ing of Zeolites. No. 186, Mar. 1983, pp. 16-17. 
8Cool, W. M., and J. M. Willard. Effect of Clinoptilolite 
EE Nutrition. Nutr. Rep. Int., v. 26, No. 5, pp. 759- 
!9Rudenko, G. G., Y. I. Tarasevich, V. A. Kravehenko, 
and A.G. Sidorovich. Experience in Using Clinoptilolite as 
a Filtering Material for Rapid Filters at an Industrial 
Water Treatment Plant. Khim. Tekhnol., Vody, v. 5, No. 1, 
1983, pp. 54-55 (Russ.). 
20Chemical Week. Early Health Warnings Over Expo- 
sure to Zeolites. V. 133, No. 75, Aug. 3, 1983, p. 25. 
21De’Gennaro, M , C Collelo, E. Franco, and R. Aeillo. 
Italian Zeolites. Mineralogical and Technical Features of 
Neapolitan Yellow Tuff. Ind. Miner. (London), No. 186, 
Mar. 1983, pp. 47-53. 
??Robinson, À. L. Berkeley Advanced Materials Center 
Ok'd. Science, v. 219, No. 4586, Feb. 1983, pp. 827-828. 
?3High Technolo ogy. R&D May Add Fuel to Zeolite Boom. 
V. 3, No. 7, July 1983, p. 63. 
24Chemical Week. Technology Newsletter—Greasing 
the Skids for Zeolites. V. 133, No. 6, Aug. 10, 1983, p. 53. 
25European Chemical News. Zeolites in West Europe. 
V. 41, No. 1106, Nov. 1983, p. 18. 
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Nonfuel Minerals Survey 


Methods 


By Staff, Branch of Statistical Standards 


The Bureau of Mines Minerals Informa- 
tion organization collects worldwide data on 
virtually every commercially important 
nonfuel mineral commodity. These data 
form the base for tracking and assessing the 
health of the minerals sector of the U.S. 
economy. 

This data collection activity was institut- 
ed by the 47th Congress in an appropria- 
tions act of August 7, 1882 (22 Stat. 329), to 
place the collection of mineral statistics on 


an annual basis. The most recent authority 
for the Bureau of Mines Minerals Informa- 
tion activity is the National Materials and 
Minerals Policy, Research and Develop- 
ment Act of 1980 (Public Law 96-479, 96th 
Congress), which strengthens protection for 
proprietary data provided to the U.S. De- 
partment of the Interior by persons or firms 
engaged in any phase of mineral or mineral- 
material production or consumption. 


DATA COLLECTION SURVEYS 


The Bureau of Mines initiates the collec- 
tion of domestic nonfuel minerals statistics 
with an appraisal of the information re- 
quirements of Government and private or- 
ganizations of the United States. Those 
information needs that can be satisfied by 
data from the minerals industries are for- 
mulated as questions on Bureau of Mines 
survey forms. Figure 1 shows a typical 
survey form, Alumina (6-1013-A). Specific 


questions pertaining to the production, con- 
sumption, shipments, etc., of mineral com- 
modities by industrial establishments are 
structured to provide data that will be 
aggregated into meaningful totals. One 
hundred and sixty-nine monthly, quarterly, 
semiannual, and annual surveys cover the 
entire mineral economic cycle from produc- 
tion to trade and consumption. 
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NONFUEL MINERALS SURVEY METHODS 


Once the survey form has been designed, 
a list of producers or consumers is devel- 
oped. Many sources are utilized to deter- 
mine the companies, mines, plants, and 
other operations that should be included in 
the survey to produce meaningful national 
and State totals. Bureau of Mines State 
Liaison Officers, State geologists, Federal 
organizations (e.g., Mine Safety and Health 
Administration (MSHA), trade associations, 
and industry publications and directories 
are some of the sources that are explored to 
develop or update survey listings. With few 
exceptions, an attempt is made to canvass 
the entire population of appropriate estab- 
lishments. The iron and steel scrap industry 
is an example of one of the exceptions 
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where a sampling plan is employed rather 
than a complete canvass of the entire indus- 
try. 

Prior to mailing, the survey form must be 
approved by the Office of Management and 
Budget (OMB). Under the Paperwork Re- 
duction Act of 1980, OMB approves the need 
or requirement for collecting the data and 
protects industry from unwarranted Gov- 
ernment paperwork. 

The Bureau publishes a “Survey Forms | 
Catalog," which describes the content of 
each survey. Copies of the catalog may be 
obtained by contacting the Branch of Statis- 
tical Standards, Division of Minerals Infor- 
mation Systems, U.S. Bureau of Mines, 
Washington, DC 20241. 


SURVEY PROCESSING 


The 169 surveys yield more than 70,000 
responses from approximately 30,000 estab- 
lishments annually. Each of the completed 
survey forms returned to the Bureau under- 
goes extensive scrutiny to ensure the high- 
est level of accuracy possible in recording 
mineral data. Bureau specialists ensure 
that no error is introduced owing to report- 
ing in units other than those specified on 
the survey form. Relationships between re- 
lated measures such as crude ore produced 
and marketable product are analyzed for 
consistency. Internal numerical relation- 
ships such as column and row totals are 
checked. The data reported for the current 
reporting period are checked against prior 
reports to detect possible errors or omis- 
sions. 

For automated surveys, the specialist re- 
views the form for correctness and com- 
pleteness before the data are entered into 
the computer. The computer is programmed 
to conduct a series of automated edit checks 
to ensure mathematical consistency and to 
identify any discrepancies between the data 
reported and logically acceptable responses. 

The Bureau of Mines has an ongoing 
program to modernize and automate all of 
its survey processing methods. The focal 
point of this program is the development of 
the Automated Minerals Information Sys- 
tem (AMIS). AMIS commodity data sub- 
systems support the processing of individual 
surveys and the preparation of publication 
quality statistical tables. A central data 
base includes the minerals data gath- 
ered through surveys as well as pertinent 
data from other sources. The data base 
enables Bureau specialists to rapidly re- 


trieve the data required for analysis of 
minerals problems and for answering spe- 
cific user questions. 

Survey Responses.—To enable the reader 
to better understand the basis on which the 
statistics were calculated, each commodity 
chapter of the “Minerals Yearbook" in- 
cludes a section entitled “Domestic Data 
Coverage." This section briefly describes the 
data sources, the number of establishments 
surveyed, the response percentage, and the 
method of estimating the production (or 
consumption) that is accounted for by non- 
respondents. 

Although the response to Bureau surveys 
is generally very good, the Bureau must 
employ an efficient procedure for handling 
instances of nonresponse in order to pro- 
duce reliable aggregated data. Second mail- 
ings of the survey form may be made. 
Followup by telephone is employed exten- 
sively to provide complete data entries on 
the survey forms, to verify questionable 
entries, and also to encourage those not 
reporting to either return survey forms or 
provide the information verbally. Periodic 
visits to important minerals establishments 
are also made by Bureau commodity spe- 
cialists or State Liaison Officers. These 
visits are made to gather missing data and 
also to point out the importance of the 
companies' reporting to the production of 
accurate national as well as State and 
county statistics. By showing the use of 
these statistics and the impact of nonre- 
sponse, the Bureau hopes to encourage as 
complete and accurate a canvass as possi- 
ble. 

The OMB “Guidelines for Reducing Re- 
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porting Burden" stipulates that the mini- 
mum acceptable response rate shall be 75% 
of the panel surveyed. In addition, the 
Bureau strives for a minimum reporting 
level of 75% of the quantity produced or 
consumed (depending on the survey) for 
certain key statistics. Response rates are 
periodically reviewed, and for those surveys 
not meeting the minimum reporting level, 
plans are developed and implemented to 
improve response rates. 

Estimation For Nonresponse.—When ef- 
forts to obtain response to a Bureau survey 
fail, it is necessary to employ estimation or 
imputation techniques to account for the 
missing data. These techniques are most 
effective when the response rate is relative- 
ly high. The Bureau is continually striving 
to develop and make use of the most ef- 
fective techniques. Some of the imputation 
methods depend only on knowledge of the 
prior reporting of the establishment, while 
others rely on external information to esti- 
mate the missing data. Survey forms receiv- 
ed after publication cutoff dates are edited, 
and necessary imputations are made for 
missing data. The data base is updated, and 
these revisions will be reflected in sub- 
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sequent publications. 

Protection of Proprietary Data.—The 
Bureau of Mines relies on the cooperation of 
the U.S. minerals industry to provide the 
minerals data that are presented in this and 
other Bureau publications. Without sub- 
stantial response to survey requests, the 
Bureau would not be able to present reli- 
able statistics. The Bureau in turn respects 
the proprietary nature of the data received 
from individual companies and establish- 
ments. To ensure that proprietary rights 
will not be violated, the Bureau analyzes 
each of the aggregated statistics to ascer- 
tain if the statistics of an individual compa- 
ny or establishment can be deduced from 
the aggregated statistics. For example, if 
there are only two significant producers of a 
commodity in a given State, the Bureau will 
not publish the total for the State since 
either large producer could readily estimate 
the production of the other. It is this obliga- 
tion to protect proprietary information that 
results in the “Withheld” or “W” entries in 
"Minerals Yearbook" tables. When the com- 
pany gives permission in writing, the Bu- 
reau may release data otherwise withheld 
because of proprietary considerations. 


FOREIGN DATA 


Volume I of the "Minerals Yearbook" 
contains a “World Review” section in each 
commodity chapter that usually includes a 
world production table. These tables are 
prepared in the Bureau's Division of For- 
 eign Data. These data are gathered from 
various sources including published reports 
of foreign government mineral and statisti- 


cal agencies, the U.S. Department of State, 
or international organizations such as the 
United Nations and the Organization of 
Petroleum Exporting Countries. Missing da- 
ta are estimated by the country specialist 
based upon information gathered from a 
variety of sources. 


PUBLICATIONS AND DATA SERVICES 


In addition to the three volumes of the 
"Minerals Yearbook," the statistical data 
collected are published in other reports, the 
principal series being the “Mineral Indus- 
try Surveys." Mineral Industry Surveys are 
concise monthly, quarterly, or annual re- 
ports that contain timely statistical and 
economic data on nonfuel mineral commod- 
ities. The surveys are designed to keep 
Government agencies, the minerals indus- 
tries, and the business community regularly 
informed of trends in production, distribu- 
tion, inventories, and consumption of non- 
fuel minerals. 

One of the earliest publications contain- 
ing information on mineral production, re- 


Sources, reserves, imports, exports, uses, 
recycling, substitution, environmental con- 
siderations, and related subjects is "Mineral 
Commodity Summaries." Published in Jan- 
uary, it covers approximately 90 mineral 
commodities for the previous calendar year. 

"Minerals and Materials/A Bimonthly 
Survey" provides timely information on 
selected commodities. Data and analyses 
are presented that are germane to policy 
issues of current interest. Brief narratives 
are supplemented by statistical graphs and 
tables. Data are provided for the current 
month and the previous 22 months, and 
estimates are made for the upcoming 
month. 


NONFUEL MINERALS SURVEY METHODS 


The “Minerals Data Source Directory, 
January 1983” (Bureau of Mines Informa- 
tion Circular 8935) is a compilation of infor- 
mation on the availability, content, and 
location of minerals data in the Federal 
Government. Included in the directory are 
descriptions of data bases, publications, in- 
formation systems, and information offices 
having data pertaining to all aspects of 
mineral production, consumption, trade, 
and related information.! 

For additional information on Bureau 
publications, contact the Division of Publi- 
cation, U.S. Bureau of Mines, 2401 E 


Y U.S. 
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Street, NW, Washington, DC 20241. 

The Bureau also makes available its sur- 
vey mailing lists, which include the compa- 
ny and plant names, Standard Industrial 
Classification (SIC) codes, and the addresses 
to which the survey forms are mailed. In- 
formation on purchasing copies of these 
lists can be obtained from the Division of 
Minerals Information Systems, U.S. Bureau 
of Mines, 2401 E Street, NW, Washington, 
DC 20241. 


lAvailable from Superintendent of Documents, U.S. 
Government Printing Office, Washington, DC 20402. Stock 
number 024-004-022116-1, price $9.50. 
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